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1 | INTRODUCTION

Climate change is a serious threat to the livelihoods of
millions of smallholder farmers in developing countries,
particularly in Africa, where farmers are largely depen-
dent on rainfed agriculture and vulnerable to droughts,
flooding, and seasonal rainfall pattern disruptions (UNDP,
2017). Smallholder productivity is further threatened by
increasing soil degradation, which reduces land productiv-
ity over time (UNCCD, 2017). A package of practices called
conservation agriculture (CA) has been proposed as one
solution to the consequences of climate change and soil
degradation. Proponents argue that CA combines private
benefits to adopters—by increasing yields and reducing
vulnerability to rainfall shocks—and public good charac-
teristics, via carbon sequestration in soil and reduced soil

| Mike Murphy'?

Conservation agriculture techniques have the potential to increase agricultural
production while decreasing CO, emissions, yet adoption in the developing
world remains low—in part because many years of continuous adoption may
be required to realize gains in production. We conduct a framed field exper-
iment in northern Ghana to study how incentives and peer information may
affect adoption. Incentives increase adoption, both while they are available
and after withdrawal. There is no overall effect of peer information, but we
do find evidence that information about long-term adoption increased adop-
tion, particularly when that information shows that yield gains have been
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runoff into water catchment systems (Bell et al., 2018a;
Hobbs, 2007).

Despite these claims about CA, adoption of its practices
in developing countries remains low (Giller et al., 2009;
Michler et al., 2019). One explanation is that while bene-
fits take time to be realized, adoption costs are borne up
front: yield gains from improved soil health can take up to
10 years to be realized, but adopting CA requires imme-
diate additional investments in the form of labor and/or
herbicide application for weeding (Giller et al., 2009). Poor
farmers may be unwilling to take on these up-front costs
for uncertain future gains. In this article, we conduct a
framed field experiment with farmers in northern Ghana
to test two strategies to encourage adoption by reduc-
ing this uncertainty: offering time-limited subsidies and
providing information on others’ adoption decisions.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the

original work is properly cited.
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A key challenge to understanding CA adoption is the
long time-horizon required for private benefits to be real-
ized, which makes it difficult to conduct research leading
to causal inference. A direct consequence is that there have
been few rigorous evaluations of CA adoption. The framed
field experiment we implement simulates the decision-
making process to understand how participants respond
under uncertainty in benefits. While the experiment does
not capture all the real-world aspects of an adoption
decision, framed field experiments have been used in a
variety of related contexts to test how farmers respond
in conditions of risk or uncertainty and to predict actual
decision-making (Alpizar et al., 2011; Tjernstrom et al.
2021).

The experiment is designed to answer two primary
research questions. First, we examine whether providing
incentives to implement CA practices increases adop-
tion both in the “short-run” (while conditional incentives
are available) and the “long-run” (after incentives have
been withdrawn). Second, we study whether farmers who
receive information on the returns achieved by others in
their community who have (or have not) adopted CA prac-
tices are as likely to adopt as those who do not receive
information. We randomize farmers into an incentive
treatment, a cross-randomized peer information treat-
ment, and a control group, and study how the proportion
adopting CA practices varies across groups.

In the incentive treatment, we provide a temporary sub-
sidy conditioned on adoption of CA practices. Since private
benefits (via increased yields) should persist over time,
in theory farmers should continue to use CA practices
even after the subsidy is withdrawn. The positive envi-
ronmental externalities can justify such incentives from
a policy perspective, since the incentives can be designed
to be welfare-enhancing overall. A related concept has
been tested in different settings, by paying people to pre-
serve land endowments that provide ecological benefits
(e.g., Alix-Garcia et al., 2018; Jayachandaran et al., 2017).!
Therefore, the primary contribution of this article is to
provide causal evidence on the potential for incentives to
increase CA adoption, using the framed field experiment
to study the dynamics of incentivized adoption over many
“seasons.”

AMBLER ET AL.

Our second treatment explores an alternative strategy
to address uncertainty, by providing information about
the experience of peers to farmers. By randomizing infor-
mation in the context of our framed field experiment
we can study how learning about different types of peer
behavior can affect farmer choices, and how social learn-
ing might affect adoption in the context of a technology
requiring a long time-horizon to be profitable. The role of
individual learning is particularly important in the adop-
tion of agricultural technologies, as observing peers can
reveal information both about the profitability of a technol-
ogy and information on management practices (Foster &
Rosenzweig, 2010). Conley and Udry (2010) find evidence
of both processes in studying pineapple adoption among
farmers in Ghana: farmers adjust their own input use after
observing unexpected profits (or losses) from a neighbor’s
previous input allocation. Evidence suggests that peers can
be just as, if not more, influential than community leaders
and extension workers (Ambler et al., 2021; BenYishay &
Mobarak, 2019). Of particular relevance to the technology
we consider, Crane-Droesch (2018) conducts an experi-
ment on the diffusion of information on a soil amendment
technology in Kenya and finds observed variability in peer
outcomes has a strong negative effect on adoption. Also
related, Bell et al. (20182) find an association between peer
effects and adoption in Malawi, though they do not disen-
tangle the way different types of information are related to
adoption.”

Our results provide support for the potential of time-
limited incentive payments to cause farmers to adopt CA
practices in the long run. Across specifications we find a
positive and statistically significant effect of assignment
to the incentive treatment on the extent of CA adoption
across a range of specifications. Treated participants are
more likely to adopt the CA practice, maintain adoption
until they achieve the private returns to choosing CA,
and are less likely to return to conventional practices (CP)
after choosing CA. For the information treatment, we find
being told that a peer has successfully adopted CA over the
long-term increases adoption, but do not find effects for
other types of information, or for receiving information in
general.

! Jayachandran et al. (2017) implement a randomized evaluation of
a program in Uganda that gave households payments contingent on
maintaining tree cover on their land. They found that payments were
successful in reducing deforestation and that the environmental bene-
fits compensated for the program cost. Alix-Garcia et al. (2018) use a
regression discontinuity design to study the impacts of payments for
participation in a land management program in Mexico. They find that
payments improve land management activities and community social
capital.

2 Other relevant studies that examine information dissemination through
peer networks and agricultural technology adoption include Beaman
et al. (2021) who find that targeting “central” farmers increases adoption
of pit planting in Malawi, Kondylis et al. (2017) who find minimal impacts
of peer farmers on adoption of pit planting in Mozambique, Bandiera and
Rasul (2006) who find an increase in adoption of a new crop as more
individuals in the person’s network adopt, and Carter et al. (2021) who
find large impacts on adoption of improved seeds and fertilizer with the
addition of contacts who have received past subsidies for these items.
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2 | BACKGROUND

Before describing the experiment design, we provide a
brief description of CA and its current status in northern
Ghana. CA is defined by three principles: minimal soil dis-
turbance (MSD), permanent soil cover, and crop rotation
(FAO, 2007). MSD is the replacement of traditional plough-
ing with direct seeding to reduce the effects of planting
on the soil structure. Permanent soil cover involves leav-
ing residues from the previous crop on plots, combined
with the planting of cover crops during fallow periods.
Crop rotation is the practice of planting different crops in
sequential seasons to diversify nutrients available to micro-
organisms and create variation in the soil depth in which
roots are established.

The purpose of CA practices is to increase soil organic
matter to improve water and nutrient retention, which in
turn allows farmers to sustainably intensify production
while mitigating negative environmental impacts. While
CA practices have been widely adopted in some devel-
oped economies (e.g., USDA, 2019), adoption is relatively
low in low- and middle-income countries. The CA adop-
tion literature does not yield much information about why
farmers do not adopt; literature reviews find it to be highly
context specific (Knowler & Bradshaw, 2007) and method-
ologically weak, often relying on observational data from
projects aimed at promoting CA (Andersson & D’Souza,
2014). While several studies have used hypothetical choice
experiments (in which decisions are not incentivized) to
explore farmers’ stated preferences for both financial and
non-financial incentives to adopt (e.g., Marenya et al., 2014;
Schaafasma et al., 2019; Ward et al., 2016), there is lim-
ited evidence which exploits exogenous variation to test
how farmers respond to actual incentives. One exception
is work by Bell et al. (2018b, 2018c) which uses randomized
assignment to test the effects of incentives on CA adop-
tion in Malawi, and finds an initial increase in adoption
after the first season of the project. This study shows that
incentives can induce on-farm adoption of CA techniques.

In northern Ghana, about 80% of land is under custom-
ary tenure (Bugri & Yeboah, 2017). In practice, households
have long-standing land use rights, which are patrilineally
inherited. In the sample of farmers surveyed for the framed
field experiment, households both had firm use rights and
cultivated 81.2% of plots enumerated, with the second most
common type of plot being communally owned. Other
plots were either rented-in or sharecropped. Therefore, for
most plots, households should reap longer term benefits
from any investments they might make in soil fertility.®

3 However, farmers generally lack credit access; according to the Ghana
Statistical Service (2019), at the regional level only 5.8% to 11.6% of
respondents within the four regions in the study had applied for credit.
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Information on respondent and household characteristics,
and comparisons by treatment status, can be found in
Appendix Table SI.

3 | EXPERIMENTAL DESIGN

3.1 | Conceptual framework

In this section we describe a conceptual framework for the
adoption of CA techniques that allows for interpretation
and understanding of our experimental design.* We begin
by assuming, consistent with the agronomic literature, that
if a farmer consistently applies CA techniques their land
will eventually become more productive; for example the
expected yield will increase for the primary crop grown on
thatland. We further assume that input costs are higher for
implementing CA, because required labor inputs increase
(Giller et al., 2009). Additionally, it is not clear how long
it will take for the yield increase to occur. From a con-
ceptual perspective, the uncertainty about the timing of
the yield increase implies a risk averse farmer or one with
a higher discount rate would be less likely to adopt. We
further assume that using CA techniques leads to higher
land productivity when weather is poor than traditional
techniques, as soil begins to have better water absorp-
tion and retention properties. Finally, since farmers also
have not necessarily used CA techniques (though they may
have learned about them through extension workers), we
assume there is some additional risk to adopting them.> As
aresult, a risk averse farmer would require a premium over
simple expectations over profits to adopt CA.

We propose that there are two ways to overcome an
individual farmer’s aversion to adopting CA techniques.
First, an external entity could provide incentive payments
to farmers for a fixed period of time (e.g., number of years)
after adoption to partially compensate the farmer for extra
labor inputs and the risk premium required for the farmer
to adopt.® This compensation need not last until the yield

4While the experimental design focuses on minimum soil disturbance for
simplicity, this framework speaks to CA techniques more broadly.

3In northern Ghana, there have been past several CA projects, increas-
ing the likelihood they knew of or had tried specific CA techniques.
These projects included Sasakawa Global 2000 (Ito et al., 2007) which was
active from 1986 to 2003 and promoted no-till farming and not burning
crop residues. Other notable activities include the Savannah Resources
Management Project implemented by the Ministry of Lands and Forestry
(Boahen et al., 2007); work by the Center for No-Till Agriculture which
is sponsored by the Howard Buffett Foundation and provides training to
farmers on CA techniques; and the World Bank’s Sustainable Land and
Water Management Practice Project (SLWMP) which was active around
the Kulpawn-Sissili and Red Volta watersheds.

6 Implicit in this argument is the idea that CA adoption creates a public
good. There are at least two arguments that it could do so. First, CA adop-
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benefit occurred, but it would need to last long enough
for the net present value of continued adoption to exceed
that of abandoning CA. Second, farmers could learn more
about CA techniques by observing other local farmers. If,
for example, one observed a neighboring farmer using CA
techniques with much higher yields in a bad year, non-
adopters could be induced to adopt or try those techniques.
These observations would reduce the risk of adopting CA
practices by providing additional, credible information.

3.2 | Experimental procedure

The framed field experiment was designed to represent
these key features of CA practices over a medium to long
time horizon.” Participants are asked to decide whether
to adopt a single CA practice: MSD. While CA practices
should be adopted jointly to realize maximum benefits,
we focus on a single practice for experimental simplicity.
MSD was selected because focus groups in the area sug-
gested it was the CA practice with which participants had
the least experience. Participants are asked to make an
adoption decision in each of ten rounds, with each round
modeled as an agricultural season.® Prior to the first round,
the participant receives a monetary endowment for use in
the activity. Each round then proceeds as follows:

1. The participant chooses one of two technologies to
adopt for that round, either MSD or CP.

2. They pay a fixed price associated with that choice from
their current endowment.’ In the experiment, the price
represents the cost of weeding associated with the cho-
sen technology, and these costs are higher with MSD
than with CP.

3. The enumerator reveals the rainfall for that season.
Rainfall is determined randomly and is poor with 1/3
probability or normal with 2/3 probability.'”

tion should reduce greenhouse gas emissions by the agricultural sector,
both through less burning crop residue and by lowering the need for fer-
tilizer use. Second, conservation agriculture leads to improved soil water
retention, which could reduce runoff in at least some neighbors’ fields,
particularly those that are downhill.

7The scripts used in the experiment are included in Online Appendix A.
8 The specific choice of ten seasons is used to present a reasonable repre-
sentation of the timeframe required. Giller et al. (2009) suggest 10 years as
an upper bound for the realization of yield gains. We elected to simulate
ten seasons with gains occurring within 5-7 seasons to observe behaviour
after their (potential) realization, while limiting the time commitment
required of participants. Participants knew in advance of any decisions
that the total length of the experiment would be ten rounds.

9 The experiment was structured such that the participant always had suf-
ficient funds to choose either practice, independent of the outcome of
prior rounds.

10To ensure consistency, all randomization was conducted in Stata prior
to fieldwork and loaded into the software used for implementation. Enu-

AMBLER ET AL.

4. The participant receives a payment based on their
choice of technology and the rainfall realization. This
payment represents the value of their harvest for that
season. Payments are always higher with normal rain-
fall than with poor rainfall.

Before the beginning of each round, the participant
was shown a choice sheet, which showed the two avail-
able choices, the price associated with each choice, and
the two potential payoffs associated with each choice
(four total). The choice options and associated prices were
fixed throughout. The probability of each rainfall outcome
was fixed and independent across rounds. The payments
associated with each outcome vary by round based on
if participants were assigned to the incentive treatment
(described below) and on their adoption choices in the cur-
rent and preceding rounds."! The choice sheets are shown
in Online Appendix B.

For participants who chose MSD, if the choice was made
continuously over multiple rounds, the available payments
associated with that technology would increase once and
remain at that higher level so long as they continued to
adopt. This feature was intended to reflect the property
that private benefits from CA adoption are realized over
a medium to long time horizon, the length of which is not
known by farmers ex ante. To model the uncertainty farm-
ers face over when gains from CA adoption might occur,
participants were randomly assigned with equal proba-
bility to receive the production increase with 5, 6, or 7
rounds of continuous adoption.'? Participants were told in
the script the value of the yield gain, and that abandoning
CA would ‘reset’ the number of rounds of MSD adoption
required. Hence the only two aspects of the experiment
which were unknown to the farmer (and the enumera-
tor) prior to realization were the weather outcome for each
round, and the exact round in which the yield gain would
occur.

Both prices and costs were represented in pesewas,
which are the sub-unit of the Ghanaian cedi. Images of
coins and notes were used on visual aids showing pay-
offs, so participants could easily recognize the amounts
involved. To prevent potential adverse issues during the
experiment, play money with the same appearance as local
currency was used and exchanged for real money following
the conclusion of the final round.

merators could not change any randomized parameters as they were
associated with a unique subject identifier.

1 QOliva etal. (2020) also study incentives for adoption of a technology with
delayed payout under uncertainty, finding that offering incentives leads
to increased adoption by people who are less likely to follow through.
12Note that adoption only needed to be continuous- a farmer could for
example choose CP in the first round and still achieve the yield gain if
they chose MSD for 5-7 consecutive rounds thereafter.
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As described in the script (Online Appendix A) enumer-
ators provided a full explanation of the procedures for the
experiment and conducted a practice round with the par-
ticipant. During this explanation, participants were asked
a series of questions to check that they understood the
explanations being provided. Enumerators recorded their
first response to each question and provided additional
explanations if the participant misunderstood something.
Overall, participants had a good understanding of the
features of the experiment (Appendix Table S2).1

3.3 | Incentive treatment

The incentives treatment was designed to represent a sub-
sidy payment to farmers adopting MSD. Participants were
randomized into a group receiving incentives and a con-
trol group. Randomization was done at the individual
level, stratified by farmer-based organization (FBO) and
information treatment status.'* The probability of being
assigned to the incentives treatment was 2/3, with 1/3
assigned to the control. The reason for treating a larger
portion was to ensure sufficient variation among treated
individuals in the number of consecutive rounds required
to achieve increased production.

If assigned to receive incentives, the participant was
eligible to receive an additional payment conditional on
choosing MSD in any of the first four rounds of the experi-
ment, which they received immediately after making their
choice in each round. The amount of the incentive was
fixed, and no incentives were available after the fourth
round. The incentive was not conditioned on decisions in
any previous round, so a treated individual choosing CP in
rounds 1-3 would still be able to receive a payment if they
chose MSD in round 4.

3.4 | Peer information treatment

Participants were also cross-randomized with equal prob-
ability into either a group assigned to receive information

3 Limiting our sample to participants who answered all the compre-
hension questions correctly first time does not affect our main results
(Appendix Table S3).

“Our pre-analysis plan (https://www.socialscienceregistry.org/trials/
3973) anticipated stratifying by gender. Unfortunately, accurate admin-
istrative data including participant gender was not available prior to the
start of fieldwork, hence the stratification was not implemented. We test
for heterogeneity by gender in Appendix Table S4. Since groups were
not of uniform size, individuals did not always evenly divide into treat-
ment groups within a stratum (i.e., a group of twenty people cannot be
divided into thirds). For the additional ‘misfit’ observations we randomly
allocate individuals independently across strata, using the procedure and
associated randtreat command described in Carril (2017).
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about a generic peer farmer or a control group."” Partic-
ipants assigned to the information treatment were read
a short vignette about an unnamed, hypothetical peer
farmer before making their decision during the first four
rounds of the experiment. Vignettes were used to exoge-
nously vary information received by the participant. The
four texts used were as follows:

* Last year they used CP on their plots, they have always
used CP.

* Last year they used MSD on their plots. They had not
used this technique before.

* Last year they used MSD on their plots. They have been
using MSD for the last 10 years.

* Last year they used CP on their plots. They had used
MSD before but decided to go back to CP.

Along with each vignette, they received information on
the peer farmer earnings, which were calculated in the
same way as for the participant, based on the realization
of the rainfall variable in the previous round.'® As a result
there were eight possible variations of the information
provided. The vignettes are representative of all possible
payoffs and adoption histories (i.e., never adopted, early
adoption, achieved yield gain, dis-adoption). For a given
prior rainfall outcome, each variation was chosen via an
independent random draw. An individual could receive the
same vignette in different rounds, and the assignment for
a given round did not affect the probability of assignment
in other rounds.

3.5 | Payoffs
The payoffs were calibrated to model the features of
CA technologies, scaled to a reasonable budget for the
project. Participants were paid a fixed fee of 5 cedis (.93
USD) which was approximately the local wage for a
day of agricultural labor at the time of the experiment,
and could earn an additional 3-10 cedis over the course
of the experiment.” The total payout therefore ranged
from 8 to 15 cedis (1.49-2.80 USD). The mean payout
for the experiment was 12.6 cedis (2.36 USD). Table 1
presents the available payouts in the experiment for CP and
MSD.

Since the values for CP are fixed, there are three possi-
ble comparisons: CP versus MSD without incentives; CP

15 Assignment followed the same procedure as for the incentives treat-
ment, but the treatment and control groups were of equal size.

16 For round 1, participants in the information treatment were randomly
assigned a rainfall outcome for the (hypothetical) preceding season.

17 participants started with an initial endowment of 1 cedi, and could earn
.2-.9 cedis per round.
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TABLE 1
Technology CP
Incentive treatment? -
Production increase -
Scenario (choice sheet) A/B/C
Possible rounds 1-10
Normal rainfall A. Price of choice

B. Incentive payment

C. Production payment

Net payoff (C+B-A)

Poor rainfall A. Price of choice

B. Incentive payment

C. Production payment

Net payoff (C+B-A)

Expected value

Payoff amounts per round, by practice choice & scenario.

AMBLER ET AL.
MSD MSD MSD
No Yes No
No No Yes
A B C
1-10 1-4 5-10
10 30 30 30
0 0 20 0
100 100 100 120
90 70 90 90
10 30 30 30
0 0 20 0
30 50 50 60
20 20 40 30
66.7 53.3 70 73.3

Notes: Amounts shown are in pesewas, which are a division of the Ghanaian cedi. 100 pesewas = 1 cedi (approximately $0.19 USD at current market rates).

versus MSD with incentives; and CP versus MSD without
incentives but with a yield gain realized."®* Weeding costs
are held constant throughout the experiment, and cost 10
pesewas for CP and 30 for MSD.!” The incentive payment
is 20 pesewas in the rounds in which it is offered, covering
the difference between the cost of implementing CP and
MSD. Production payments vary by rainfall and whether
the yield gain has been achieved. Initially, in normal years,
CP and MSD both pay 100 pesewa (not considering the
weeding costs or incentives). After the yield gain has been
achieved, the payment for MSD increases to 120 pesewas
in normal years. In poor years, MSD always pays more,
reflecting CA’s resilience properties. Prior to the yield gain,
in poor rainfall years CP pays 30 pesewas and MSD pays 50.
After the gain, MSD pays 60 pesewas in poor years.

Comparing these three scenarios we can observe some
straightforward features of the experiment: for a given
round without incentives a risk-neutral participant will
strictly prefer CP, since the payouts are higher than MSD
under a normal rainfall outcome and equal to MSD under
poor rainfall. With incentives, the reverse is true: MSD
has equal returns under normal rainfall and better returns
under poor rainfall.

Combining payouts across rounds, the expected value of
choosing CP across all rounds is 66.7 X 10 = 667 pesewas.

18 Note that since the incentives were only available in rounds 1-4, and
the yield gain took at least 5 rounds to be realized, there is no scenario
in which the participant could receive the incentives and the gain in the
same round.

19 While CA adoption could require a range of additional costs in terms of
farm labor (including changes in land preparation and time required to do
mulching) it was clear from discussions with participants in piloting that
the largest and most salient cost for farmers was weeding. We therefore
chose weeding to represent the increase in input costs associated with CA
which in actual implementation would occur across a range of activities.

Without incentives, the earliest stage at which the yield
gain could be achieved is round 5. For this case, the highest
possible expected value of always choosing MSD is there-
fore the expected value of MSD from scenario (A) for four
rounds, plus the expected value of MSD from scenario (B)
for six rounds. Hence: 53.3 X 4 + 70 X 6 = 633.2 pesewas. As
a result, a risk neutral participant always chooses CP over
MSD without incentives.

With incentives, the situation is reversed. For a partici-
pant always choosing MSD, the latest round in which the
yield gain can be realized is round 7. Therefore, the lowest
expected payoff from choosing MSD with incentives will be
the total of the expected value from scenario (B) (rounds
1-4), plus the expected value from scenario (A) (rounds
5-6), plus the expected value from scenario (C) (rounds
7-10): 70 X 4 + 53.3 X 2 + 73.3 X 4 = 679.8. Hence the low-
est possible expected payoff for continuous MSD adoption
in the incentive scenario exceeds the expected payoff for
continuously choosing CP.

This parameterization implies that for risk neutral indi-
viduals, it is preferable for individuals to choose CP when
in the control group. However, if individuals are risk
averse, preferences depend upon their degree of risk aver-
sion. In other words, for some individuals it becomes
preferable to select MSD over CP during all ten rounds. If
we consider the constant relative risk aversion utility func-
tion, a risk averse individual who expected the MSD bonus
to occur in round 6 would be neutral between choosing CP
and MSD for a risk aversion coefficient of approximately
.687.20

20 Assuming a constant relative risk aversion function of the form U(C) =
C'=% /(1 - 6)when8 # 1and U(C) = In(C) if @ = 1. MSD is preferable
under this utility function for individuals with values of q between .687
and 1.
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3.6 | Limitations

The goal of the framed field experiment is to model real-life
adoption decisions over the long time-horizon needed for
the benefits of CA to be fully realized. There are four princi-
pal ways in which our experiment must necessarily deviate
from the parameters of real-life CA adoption decisions.
The first is the role of time discounting. When considering
payoffs from land preparation decisions that may mate-
rialize over 10 years, farmers will discount that income
differently than payouts to be made over the course of a 90-
min experiment. Specifically, we may expect farmers to be
more present-biased in their actual decisions, and this will
be a key additional element to explore in future research.
Second, although not trivial for participants, the stakes in
the experiment are much lower than those around actual
planting decisions for a primary crop. This may affect their
decisions, in particular their willingness to take risks.?!

Third, we assume farmers do not face credit constraints
in the experiment: they always have sufficient capital to
choose either practice, and neither choice affects their
ability to make other investments. Fourth, the income
earned in the experiment is a windfall, whereas real-life
planting decisions are made with regular income, and
evidence has shown that windfall and regular income are
often spent in different ways (Arkes et al., 1994; Milkman
& Beshears, 2009).

Fourth, participants’ choices may have been influenced
by the experimenter demand effects, particularly if they
believed that providing the “right” answer might influ-
ence the likelihood that they would receive additional
services in future. These effects may account for the rel-
atively high level of CA adoption in the control, though
the level effect should not bias our estimation of treat-
ment effects. We are further able to test for heterogeneity in
results among those who had or had not recently received
training which may have encompassed CA principles and
do not find differences in the effect of incentives between
farmers who had or had not been sensitized (Appendix
Table S7).

4 | DATA AND ESTIMATION
4.1 | Sample
This project was conducted in partnership with the Ghana

Agricultural Sector Investment Programme (GASIP), a
national initiative which aims to support the develop-

2 We test for heterogeneity based on self-reported measures of risk and
time preferences (Appendix Tables S5 and S6) and do not find that our
effects are driven by more risk-averse or impatient participants.
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ment of agricultural value chains within Ghana. As part
of its activities, GASIP promotes CA principles as well
as increased access to improved inputs such as certified
seed and machinery. We obtained a list of 66 FBOs created
by GASIP for their activities in four northern regions of
Ghana.?” Field staff visited each group in the second quar-
ter of 2019 and obtained a listing of all current members.
The FBOs joined GASIP in waves, with some groups join-
ing in 2018 and others in 2019. The 2018 FBOs had exposure
to 1 year of GASIP extension information (including CA
and other techniques) at the time of the experiment, while
implementation had not yet begun for the 2019 FBOs. The
66 FBOs enrolled were the universe of all FBOs exposed to
GASIP CA activities in the north in 2018 or 2019.

The sample was composed of current FBO members:
1328 individuals across 66 FBOs.”> Each member was
visited to confirm their sample status and conduct a
household survey, with a separate team of enumerators
returning a few days later to conduct the experiment.
If the listed individual was not available within 1 week
of the scheduled household interview a replacement was
used. Replacements were required to be adults within the
same household who were also involved in farming. Over-
all, 1324 individuals were interviewed, of whom 38 were
replacements.”* Field work was conducted from April to
June 2019.

Table 2 presents the share of respondents reporting
knowledge and use of CA practices (MSD, cover-cropping,
applying crop residues, not burning, and crop rotation).
In general, most farmers are familiar with CA techniques,
with the share somewhat higher in farmer groups which
were targeted by GASIP in 2018, compared to 2019 FBOs.?
For most practices, fewer than half of participants report
applying them in the most recent agricultural season.
The exceptions to this were the related practices of using
residues for soil cover, and not burning residues.’® Over-
all, individuals in the sample can be said to be somewhat

22 These are Northern, Upper East, Upper West, and Brong Ahafo. Farmer
groups are located in twelve districts within these regions. Note that
the groups comprise speakers of six languages, spread over a large
geographical area, suggesting that the potential for spillovers was limited.
23 There are 30 2018 FBOs and 36 2019 FBOs. The average group size was
20 members. One FBO was substantially larger than the others, with 37
members. For this group we randomly sampled 20 members.

24 There were cases where participants were members of the same house-
hold, so the total household survey sample is 1117. For some cases, the
field team was unable to match household data to individuals, as a result
there are 25 experiment participants for whom we do not have a full set
of controls for regression specifications. We retain these individuals and
include indicator variables for the relevant missing data. Excluding these
individuals does not substantively affect results.

25 The main results do not vary by 2018 and 2019 FBOs (Appendix Table
S7).

26 The use of fire to remove residues is actively discouraged by the
government of Ghana. As a result, this measure may be over-reported.
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TABLE 2 Adoption and knowledge of CA techniques, by
timing of FBO entry to GASIP.
0old New
FBOs FBOs
Heard of...
Conservation agriculture .95 .79
Minimal soil disturbance .78 .55
Cover cropping .79 .54
Using residues .93 .81
No burning .97 .84
Crop rotation .84 73
Adopted last season...
Conservation agriculture .89 .83
Minimal soil disturbance .33 .20
Cover cropping .36 .27
Using residues .70 .61
No burning .81 .70
Crop rotation 48 41

Notes: Columns show mean proportion of baseline survey respondents
responding “Yes” for each category. For “Heard of” the overall “Conserva-
tion Agriculture” category was asked separately from the sub-categories. For
“Adopted” the overall CA proportion is an indicator for responding “Yes” to
one or more sub-categories.

sensitized to CA techniques, though very few people have
adopted all of them.

4.2 | Empirical strategy

To evaluate the impacts of the respective treatments on
adoption of MSD in the experiment, we estimate three
primary specifications using ordinary least squares at
the participant level, following our pre-analysis plan. To
address multiple hypothesis testing, we control for the
false discovery rate (FDR) by calculating sharpened gq-
values (Anderson, 2008; Benjamini et al., 2006).%” Our first
specification is as follows:

Yij = a+ BiIncentive;; + fInformation;; + B3R6;;

+ﬁ4R7ij+ yXl'j+ 5j+‘€ij (1)

where Y is one of three outcome variables (the number
of rounds in which MSD was adopted; a binary indica-
tor for whether the yield gain was realized; and a binary
indicator for whether the respondent ever stopped choos-

27 The FDR accounts for the percentage of false positives among rejected
null hypotheses. The sharpened g-value is the expected proportion of
false positive within a family of outcomes if the coefficient in question is
assumed to be significant. All main results are robust to using sharpened
g-values.

AMBLER ET AL.

ing MSD after adopting). Incentive and Information are
indicator variables for the respective treatments, and R6
and R7 are indicators for being in the groups that could
realize the yield gain after choosing MSD for 6 and 7
consecutive seasons respectively (with 5 seasons as the
omitted category).”® X is a vector of control variables, §
represents stratification cell fixed effects (farmer group
dummies, with j denoting group membership), and ¢ is
an error term robust to heteroskedasticity, computed using
the HC3 method (Davidson & MacKinnon, 1993).%° Since
the experiment is individually randomized and we cover
the universe of FBOs formed before the end of 2019 for
the CA component of GASIP, there is no need to cluster
standard errors (Abadie et al., 2023). This specification dif-
fers from that listed in the pre-analysis plan only in that we
initially indicated that we would show treatments in sepa-
rate specifications. Because the treatments are orthogonal,
including them in the same regression does not change
the results. We therefore present results in a combined
regression for simplicity of presentation.

We then estimate the same specification adding an
interaction term:

Y;j = a + BiIncentive;; + BInformation;;
+ BslncentiveXInformation;;
+ ﬁ4R6Sl‘j + 65R7Sij + YXl + 5] + Eij (2)
To analyze the impact of the type of information received
in the information treatment, among those who received
the information treatment we estimate an alternative
regression. This regression is estimated at the participant-
round level for the first four rounds, and includes interac-
tions with the rainfall realization in the previous round as
it is referenced in the information:
Yij, = a+ BiInfoB;; + ByInfoC;j + BsInfoD;;,

+ B4PoorRain fallj, + BsInfoB;;.XPoorRainfall;,

28 Due to some enumerator errors (as a result of conducting an experiment
using an incorrect ID on the tablet computer) there are a small number
of cases (2 observations for the information treatment, 3 for the incen-
tive & gain round assignments) where the implemented treatment did not
match the assignment for the sample. We use the assigned status through-
out, but the results of the analysis are not meaningfully altered by using
actual assignment.

29 Control variables include: household size, gender, age, risk and time
preferences, value of assets owned, number of CA techniques used last
season, value of crop production, number of GASIP crops grown, house-
hold has electric light, household has toilet access, household has cement
walls, household has cement floors, household has metal roof, household
grew tubers, the rainfall assigned in the practice round, and indicators for
missing data.
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TABLE 3 Average outcomes in the experiment, by treatment and gain round.

Information
Incentive treatment treatment Gain round
No Round Round Round
incentives Incentives No Yes 5 6 7
No. rounds MSD chosen 7.83 8.41 8.25 8.18 8.42 8.09 8.14
Achieved gain .68 .75 .73 73 .78 72 .69
Abandoned MSD 34 27 .29 .29 .26 .30 31
Note: Columns represent the mean for each group.
+ BsInfoC;;. XPoorRainfall;, 1
+ BsInfoD;j, XPoorRainfall;, "
+¥Xijr + 6 + pr + Hijr 3 % ol ;:;u“\—“\\—ﬁ
é e——
Here the outcome variable Y, is an indicator variable 2 g
which takes the value 1 if participant i chose MSD in round &
r, and O if they chose CP. We include a round fixed effect o
p, and indicator variables representing the information Mo moentives
received for a given round: s 77 Recelvedinoentves

1 2 3 4 5 6 7 8 9 10
Round

InfoA: Neighbor used CP (which is the omitted category);

InfoB: Neighbor used MSD for the first time; FIGURE 1 Share choosing MSD, by incentive treatment status.

InfoC: Neighbor used MSD for the last 10 years; and

InfoD: Neighbor abandoned MSD (used CP after having
used MSD). o

PoorRainfall is equal to one if the rainfall in the previous
season (i.e., the rainfall experienced by the neighbor/peer
in the reported information) was poor.

This specification did not include the interaction
terms in the pre-analysis plan, and we include both
in the results table, but they are included here to help e vation
explain whether certain types of information are effec- T & 2 L & 2 & 5 o9
tive only when observing a positive or negative peer Round
outcome.

Share choosing MSD

FIGURE 2 Share choosing MSD, by information treatment
status.

5 | RESULTS 1

Table 3 shows the mean of each of the three main
participant-level outcomes for each of the two randomized
treatments as well as the randomized yield gain round.
The share choosing MSD is high overall, with individ-
uals in the no incentive group choosing it 7.83 rounds
out of ten on average, but higher in the incentive group,
chosen 8.4 times out of ten on average. 68% of non- ~ eancs
incentivized individuals realized the yield gain, compared Toaane
to 78% of incentivized individuals. Those in the incen-

tives group were also less likely to abandon MSD after Round

they had chosen it: 27% of them did so, relative to 34%

Share choosing MSD

FIGURE 3 Share of Participants choosing MSD, by gain round.
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TABLE 4 Impactof incentive and information treatments on MSD adoption.
@) 2 3
Number rounds
MSD Achieved gain Abandoned MSD
Incentive treatment 598 L0837 —.074%**
Standard error (.182) (.026) (.027)
P-value .001 .002 .007
Sharpened g-value .003 .003 .003
Information treatment —.049 .004 —.009
Standard error (.162) (.024) (.025)
P-value .763 .856 713
Sharpened g-value 1.000 1.000 1.000
Gain round: 6 —.222 —.038 .022
Standard error (.199) (.029) (.030)
P-value .265 191 476
Sharpened g-value .661 .661 .661
Gain round: 7 —.275 —.090%** .044
Standard error (.192) (.029) (.030)
P-value 153 .002 147
Sharpened g-value 114 .006 114
Mean: No incentives 7.829 .677 .337
Mean: No information 8.253 727 293
Mean: Gain Round =5 8.417 777 .261
Adjusted R-squared 119 114 .083
Observations 1324 1324 1324

Notes: Ordinary least squares regression, with stratification-cell (FBO) fixed effects. Heteroskedasticity robust (HC3) standard errors are reported in parentheses.
The following control variables are included, but not reported: household size; respondent is female; self-reported risk preference; self-reported time preference;
value of all household assets; number of CA practices reported last season; estimated value of all crops last season; number of GASIP-promoted crops grown; has
electric light; has toilet; has cement walls; has cement floors; has metal roof; grew tubers; has any missing crop value data; has any missing individual data; has

any missing risk or time preference data; received poor rainfall in practice round.

*,** and *** indicate significance at the 10%, 5%, and 1% level respectively.

of non-incentivized individuals. Conversely, there is no
evidence of a difference in behavior by information treat-
ment. The means by gain round group do suggest that
the earlier the gain is achieved, the more likely it is the
participant reaches that point. For example, 7% percent
of those who received the gain after the fourth round
achieved it, compared to 69% among those receiving it after
round 6.%°

We also examine how behavior may have changed over
the course of the experiment. Figure 1 shows adoption
by round and incentive treatment status. Across rounds,

30 We can also describe behaviour in the experiment in other ways. For
example, 66.8 (57.4) percent of incentivized (non-incentivized) partici-
pants choose MSD in every round. 5.4 (6.2) percent choose CP in every
round. It is uncommon for participants to switch once between tech-
nologies: 1.2 (2.7) percent of participants switch once from CP to MSD
and 3.2 (1.6) percent of participants switch once from MSD to CP. Multi-
ple switches are more common, 23.4 (32.1) percent of participants make
multiple switches over the course of the experiment.

adoption rates for the incentive groups are always higher
than those in the no incentives group, and this difference
is consistent over time. In both groups, adoption is steady
across the first four rounds, and then declines slightly. Note
that the level of adoption in the control group is higher
than the actual level reported by farmers in FBOs which
had been previously sensitized to MSD (33%). As described
in Section 3.5, this finding may reflect an experimenter
demand effect or local constraints (lack of availability of
seed drills or potential gaps in implementation knowl-
edge) which are not accounted for in our experiment. In
either case, these should all be equal across treatment
groups and thus do not threaten the internal validity of the
experiment.

Figure 2 shows the same information separately by infor-
mation treatment. The same time trend is visible, but there
is little to no difference in average choices between the two
treatment groups. Figure 3 shows adoption by round sepa-
rately by gain round group assignment. We do not observe
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TABLE 5 Impact of treatments on MSD adoption, interacted treatments.
@) (€) 3
Number Achieved Abandoned
rounds MSD gain MSD
Assigned incentives 8717 123 —.084**
Standard error (.260) (.038) (.040)
P-value .001 .001 .034
Sharpened g-value .003 .003 .012
Assigned information .310 .057 —.022
Standard error (.306) (.045) (.047)
P-value 310 .205 .636
Sharpened g-value .871 .871 .871
Assigned incentives X Assigned —.536 —.079 .019
information
Standard error (.361) (.054) (.056)
P-value 138 146 730
Sharpened g-value .281 281 322
Gain round = 6 —.209 —.036 .021
Standard error (.198) (.029) (.031)
P-value 291 213 487
Sharpened g-value 775 775 775
Gain round =7 —.276 —.090*** .044
Standard error (.193) (.029) (.030)
P-value 152 .002 147
Sharpened g-value 113 .006 113
Mean: No treatments 7.685 .653 .338
Mean: Gain Round =5 8.417 771 .261
Adjusted R-squared 120 115 .082
Observations 1324 1324 1324

Notes: Ordinary least squares regression, with stratification-cell (FBO) fixed effects. Heteroskedasticity robust (HC3) standard errors are reported in parentheses.
Control variables are included in the specification, but not reported (see Table 4 note).

*,** and *** indicate significance at the 10%, 5%, and 1% level respectively.

divergence among adoption rates by gain round assign-
ment, though there is some variation in the initial share
of participants choosing MSD.

We next turn to the main regression analysis, begin-
ning with the participant-level analysis. Table 4 shows
the results of estimating Equation (1), including all three
treatment randomizations. The incentive treatment results
in an economically and statistically significant impact on
adoption. Participants in the incentive group choose MSD
on average in .6 more rounds, an increase of 7.6% relative
to the control group. They were 8.3 percentage points more
likely to achieve the yield gain (12% increase) and were 7.4
percentage points less likely to abandon MSD once they
had chosen it (22% decrease).’!

3l Following our pre-analysis plan, Appendix Tables S4-S6 test for
heterogeneity by respondent gender, self-reported risk aversion, and self-
reported time preferences. Appendix Table S7 tests for heterogeneity by

There is some evidence that those who received
the gain after rounds 6 or 7 adopt MSD less over-
all, but the coefficient estimates are not typically
statistically significant. The one significant outcome
is that participants who receive the gain round in
round 7 are 9 percentage points less likely to achieve
the gain than those who receive it in round 5.%2

wave in which the community was enrolled in the GASIP program. We do
not find that the effects of treatments varied significantly for any of these
groupings.

32In Appendix Table S8 we find a statistically significant negative dif-
ferential effect for gain round 6, which is sufficiently large to cancel the
incentive effect for this group of farmers. To further examine this result,
we plot the impact of the incentive treatment for each incentive-gain
round combination, separately by round (Appendix Figure S1). Across
rounds, this effect is similar for gain rounds 5 and 7, and lower for gain
round 6. Note the effect for gain round 6 is stable across rounds, includ-
ing rounds 1-4 at which point none of the participants had discovered
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The estimates of the impact of the information treatment
are close to zero in this specification.*

Table 5 reports the estimation of regression specification
(2) and examines the impact of interacting the incentives
and information treatments. The results remain suggestive
that the information treatment did not have an impact and
are not indicative of any complementary effects between
the two. The coefficient estimates for the information
treatment alone have the expected signs for each depen-
dent variable, but are not statistically significantly different
from zero. Similarly, estimated coefficients on the interac-
tion term are not statistically across the three dependent
variables.

Finally, we estimate Equation (3) to study the different
types of information that were offered, using the sub-
set of individuals who received an information treatment
(Table 6). Without interactions between rainfall and infor-
mation (column 1), we find evidence of an effect of being
told the neighbor had used MSD for at least 10 seasons.
The coefficient is 3.7 percentage points, corresponding to a
4.6% increase relative to being told your neighbor had used
CP. The coefficient estimates on the other forms of infor-
mation are not statistically significant, and we can reject
that the effect of being told a neighbor used MSD for the
last 10 years is equal to being told that the neighbor aban-
doned MSD. We cannot however reject that this effect is
equal to being told the neighbor used MSD for the first
time.

In column 2, we interact the information with the rain-
fall from the previous season, because the rainfall outcome
in the previous season affects what the participant was told
about how much the neighbor earned. Recall that a pay-
off differential under poor rainfall is evident for all those
choosing MSD (information groups B and C), but the pay-
off differential for choosing MSD in normal years is only
evident for information group C (neighbor used MSD for
10 years). Because the information treatment occurred in
the first four rounds of the experiment, this outcome is the
only one participants could not have experienced for them-

which gain round value they had been assigned. These results suggest
the group of individuals assigned to gain round 6 within the incentives
treatment were somewhat less likely to pick MSD ex ante than other indi-
viduals in the sample. These individuals are similar in terms of observable
characteristics (Appendix Table S9), so this finding appears likely to be a
statistical artefact.

3In Appendix Table SI0 we present our main specifications in long
form (with one observation per participant-round and round-level fixed
effects), as indicated in the pre-analysis plan with the addition of a con-
trol for rainfall in the preceding round. We report our results separately
by rounds 1-4 and rounds 5-10 in columns (3)-(6) to examine whether
treatments impact the choice of MSD in each round. The results are simi-
lar, and there is no evidence that the impact of the incentives falls off after
removing the incentive.

AMBLER ET AL.

TABLE 6 Impact of different information types on MSD
adoption.
@) €)
Dependent variable:
Chose MSD
Info B: Used MSD (first time) .030 .024
Standard error (.020) (.024)
P-value 142 334
Sharpened g-value 397 397
Info C: Used MSD (last 10 years) .037* .051**
Standard error (.020) (.024)
P-value .068 .035
Sharpened g-value .074 .074
Info D: Abandoned MSD —.001 .004
Standard error (.021) (.025)
P-value .952 .886
Sharpened g-value 1.000 1.000
Poor rainfall last round —.012 —.002
Standard error (.015) (.031)
P-value 424 943
Sharpened g-value 1.000 1.000
Info B x Poor rainfall .018
Standard error (.041)
P-value 657
Sharpened g-value .49
Info C x Poor rainfall —.042
Standard error (.044)
P-value .336
Sharpened g-value 202
Info D x Poor rainfall —.015
Standard error (.045)
P-value 743
Sharpened g-value 591
P-value: Info B = Info C .688 233
P-value: Info B = Info D 119 401
P-value: Info C = Info D .054 .043
P-value: Info B + Info B x Prev 218
Rainfall
P-value: Info C + Info C x Prev .087
Rainfall
P-value: Info D + Info D x Prev 594
Rainfall
Mean: No information, previous .837 .837
normal
Adjusted R-squared .106 105
Observations 2644 2644

Notes: Sample restricted to information treatment group. Heteroskedasticity
robust (HC3) standard errors are reported in parentheses. Observations are
at the participant-round level, rounds 1-4. Ordinary least squares regression,
with stratification-cell (FBO) and round fixed effects. Control variables are
included in the specification, but not reported (see Table 4 note).

*, ** and *** indicate significance at the 10%, 5%, and 1% level respectively.
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selves, and as such, information group C in normal years
may be the mostly likely to affect behavior.

When the rainfall is normal, the effect of being told
your neighbor had used MSD for 10 seasons (and therefore
received the production bonus) is now 5 percentage points,
and statistically significant at the 5% level. The correspond-
ing interaction term for poor rainfall is —4.2 percentage
points, though not statistically different from zero. Regard-
less, it implies the total effect of group C information is
near zero when rainfall is poor. This pattern is not repeated
for those receiving the information that the neighbor used
MSD for the first time (group B). These results are in line
with the discussion above, that those who received infor-
mation about the MSD yield gain in normal years were
receiving new information and updating their behavior
accordingly. Overall, the evidence suggests that when pro-
moting a technology like CA where there are deferred
benefits, observing peers who have experienced those ben-
efits can be useful for promoting adoption. It should be
noted that the peer information provided was limited, and
did not help to reduce farmer uncertainty about when
the yield gain would occur. As such, a peer information
intervention in the field could have larger impacts.

6 | CONCLUSION

Agronomists have argued that CA makes for more efficient
use of natural resources than traditional farming methods
in developing countries (e.g., Hobbs, 2007). However, the
long-time frame associated with private gains to adoption,
and uncertainty regarding these gains, contribute to adop-
tion rates well below what would be socially optimal. Using
a framed field experiment, this study finds that incen-
tives for adoption might be an effective tool for increasing
adoption of CA techniques prior to the point when they
become privately profitable. Though there is no overall
effect of information, we do find some evidence that being
given positive information about neighbors experiencing
the deferred benefits of CA increases adoption. While our
results are limited to the experimental environment, they
suggest that investing in pilot tests of these policy solutions
would be worthwhile.

These findings point to both incentives and information
campaigns that emphasize outcomes from early adopters
as policy options for governments and other actors that
want to increase the adoption of CA techniques, and also
speak more generally to the promotion of technologies
with deferred benefits. In considering how to design incen-
tive and information programs, there are several points
to consider. The form of incentives is important. In focus
groups conducted in formative research farmers suggested
that fertilizers or herbicides would be preferred to cash;
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such in-kind incentives could not be reflected in an exper-
iment such as this one. It is also important to consider the
way that farmers conceive of CA. Bell et al. (2018b) find
that in Malawi farmers think of choices about adopting
CA as distinct decisions for each technique. However, the
agronomic evidence that exists on yields concerns adop-
tion of the entire package, rather than just pieces of it.
Therefore, effective policy would either need to consider
ways to ensure that farmers were using the entire suite of
CA techniques, or would need to also build evidence on the
impacts of partial adoption of CA techniques.
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