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Abstract. Mass adoption of regenerative agriculture (RA) practices could improve the resilience and increase
the productivity of African smallholder farming systems in the face of growing climate change pressures. How-
ever, mechanisms to rapidly and sustainably scale up these RA practices are not yet well understood. Recent
research suggests that rapid system transitions towards sustainable practices such as RA can be driven by ampli-
fying feedback loops, and if these are sufficiently strong, the system could reach a tipping point of self-propelling
change. Moore et al. (2015) contended that scaling up, out, and deep is essential for wide-scale system change
but identified a gap in the understanding of how to achieve the three-way scaling goal, let alone achieve it quickly.
To address this gap, we combine Lenton et al.’s (2022) framework for operationalizing positive tipping points
with Moore et al.’s (2015) conceptualization of scaling to understand triggers for rapid scaling in the case of The
International Small group and Tree planting programme (TIST) in East Africa. We present three key insights:

1. It is essential to work with centrally positioned actors capable of and motivated to influence changes in
policy and norms towards scaling the intervention such as the smallholder farmers for TIST.

2. These different dimensions of scaling continuously interact, influenced by feedback loops. For sustained
scaling, it is key to create enabling conditions to trigger reinforcing feedbacks.

3. The rate of scaling is a factor of the reinforcing feedbacks at play in a particular location. Therefore, identi-
fication of these feedbacks and the appropriate leverage points is key in addressing location-specific scaling
challenges, thus emphasizing the need for context-specific data.
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1 Introduction

Agriculture in sub-Saharan Africa is highly vulnerable to
climate change effects. The International Fund for Agricul-
tural Development estimates that 70 % of the total food sup-
ply in the continent is from smallholder farms (IFAD, n.d.).
Most of these farms are rainfed, have highly degraded soils,
and have extremely low capital to invest in improving pro-
duction systems (Nezomba et al., 2017), thus limiting their
adaptive capacity. The Intergovernmental Panel on Climate
Change Working Group II report states that most small-
holder farmers in the Global South, including Africa, have
already reached their soft limits for human adaptation to cli-
mate change (IPCC, 2022). This implies that, while adap-
tation options exist, they remain inaccessible to smallholder
farmers due to financial, governance, institutional, and pol-
icy constraints. Nevertheless, the impacts of climate change
continue to worsen across the region. Most climate models
agree that, across most of sub-Saharan Africa, dry seasons
will become longer and hotter, while wet seasons will be-
come shorter with more intense rainfall (Ayugi et al., 2021;
Dosio et al., 2021; Wainwright et al., 2021), putting small-
holder farmers that are already vulnerable at a higher risk
of food and livelihood insecurity. Despite these challenges,
there is compelling evidence that the adoption and effective
implementation of regenerative agriculture (RA) could en-
hance the resilience and productivity of smallholder farming
systems in the face of growing climate change pressures (Re-
hberger et al., 2023). For instance, it is estimated that with
just 50 % adoption of RA, African smallholder farmers could
potentially see a 30 % reduction in soil erosion, 60 % increase
in water infiltration rates (reducing run-off and increasing
soil water storage), 24 % increase in nitrogen content, and
20 % increase in soil carbon content, which could add ap-
proximately USD 70 billion gross value per year to African
farmers (IUCN, 2021). Despite these potential benefits, most
interventions promoting RA practices struggle to attain and
sustain scale. Here, scaling means expanding, adapting, and
sustaining successful initiatives in different places and over
time to reach a greater number of beneficiaries (Mills et al.,
2019).

There is general agreement that rapid adoption of RA prac-
tices is essential to cope with growing climate change pres-
sures on the food system (LaSalle and Hepperly, 2008; Re-
hberger et al., 2023; Strauss and Chhabria, 2022). Defini-
tions of what constitutes RA and how it differs from other
good practices in conventional agriculture have been debated
(Giller et al., 2021; Newton et al., 2020; Schreefel et al.,
2020), but almost all definitions recognize the importance
of soil conservation and a systems approach to defining RA.
In this paper, RA is defined as “farming practices that im-
prove soil, water and overall ecosystem health, increase car-
bon sequestration, increase biodiversity, maintain or improve
farm productivity and improve social and economic wellbe-
ing of the farming community” (Newton et al., 2020). Exam-
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ples include minimum tillage, maintenance of soil cover, and
the fostering of plant biodiversity including agroforestry and
integration of livestock (Giller et al., 2021; Newton et al.,
2020). However, for practical purposes, Giller et al. (2021)
suggest that for any given context, RA champions need to
ask five key questions:

1. What problem is RA meant to solve?
2. What is to be regenerated?

3. What agronomic mechanism will enable or facilitate re-
generation?

4. Can the mechanism be integrated into economically and
socially viable agronomic practices for the specific con-
text?

5. What political, social, and/or economic forces can drive
use of the new practice?

Concerning scaling, these issues could relate to the follow-
ing questions:

— Why scale?
— What should we scale?
— How do we scale quickly?

Here, we focus on the question of how we can scale
quickly.

Moore et al. (2015) identify three dimensions of scaling
essential for large-scale system changes: scaling out, scaling
up, and scaling deep. Scaling out involves expanding an ini-
tiative to more people and more places or promoting organic
spread (Mills et al., 2019). Scaling up entails engaging with
higher institutional levels to change the rules, logics, incen-
tives (Moore et al., 2015) or leveraging existing ones to fa-
cilitate uptake (Geels, 2002). Finally, scaling deep involves
shifting attitudes, norms, knowledge, and values to accel-
erate adoption (Moore et al., 2015). The magnitude of the
challenges facing smallholder farmers in Africa necessitates
rapid and exponential scaling out of RA. While most studies
on scaling within the agricultural sector identify the impor-
tance of a clear vision and suggest strategies (Gillespie et al.,
2015; Millar and Connell, 2010; Nicol, 2020), many of the
scaling frameworks used do not explicitly explore the factors
and processes that might catalyse such desired rapid and ex-
ponential growth. A better theoretical understanding of these
could help in the design of interventions that leverage pos-
itive feedback processes for rapid and non-linear scaling of
RA. In this paper, we draw on the framework for operational-
ization of positive tipping points proposed by Lenton et al.
(2022) to explore enablers and processes that could acceler-
ate scaling.

This framework proposes that under certain enabling con-
ditions, some actions can trigger rapid and self-propelling
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adoption of sustainability innovations driven by reinforc-
ing feedback processes in social-technological or social—
ecological systems (Lenton et al., 2022). Economic com-
petitiveness, performance, and accessibility of innovations
to users; the prevailing cultural and social norms; and
users’ capability can all be key enabling conditions for
systemic tipping points and will vary according to con-
text. Reinforcing feedback processes that may drive scal-
ing of adoption include social contagion, increasing re-
turns to adoption, network effects, information cascades,
percolation, co-evolution, ecological positive feedbacks, and
social-ecological positive feedbacks. Key intervention areas
to strengthen reinforcing feedbacks or create enabling con-
ditions include policy and regulation, private finance and
markets, innovation and technology, education and informa-
tion, behavioural nudges, and monitoring and accountability
mechanisms. We combine theories of scaling and the positive
tipping points framework to explore the adoption of RA in
sub-Saharan Africa. Specifically, we examine Moore et al.’s
three dimensions of scaling to identify the potential role of
feedbacks between the spread of adoption between individ-
uals; changes in governance and institutions; and changes in
culture, values, and behavioural norms. We draw on litera-
ture from various regenerative farming interventions across
Africa, using The International Small group and Tree plant-
ing programme (TIST) in East Africa as a case study.

2 Conceptual framing

Scaling up, out, and deep could provide the necessary lever-
age for achieving such large-scale system-wide transforma-
tion (Moore et al., 2015), and changes in one scaling dimen-
sion could easily trigger changes in another through feedback
loops. For instance, policies that create synergies between
behavioural and technological changes could lead to virtu-
ous political feedback loops (Fesenfeld et al., 2022), which
in turn influence social norms and potentially the adoption of
certain ideas and interventions. If these feedback loops are
reinforcing, the resultant changes could be rapid and self-
perpetuating (Fig. 1), hence achieving the goal of both rapid
and large-scale system-wide transformation.

Several feedback processes could be involved at any time,
and identifying these processes is key to desirably influence
scaling. Insights into these interactions could help to iden-
tify the most effective actions to accelerate adoption in a
particular context. Just like the dimensions of scaling, these
feedback processes are not mutually exclusive and act across
multiple spatial scales. For instance, the adoption of agro-
forestry at the community level could result in landscape-
level social-ecological impacts (Buxton et al., 2021) driven
by social-ecological reinforcing feedback processes. The
scaling dimensions and feedback processes often comple-
ment, antagonize, or even balance one another and affect
the impact of any given intervention. A scaling intervention
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Figure 1. The interaction between the different dimensions of scal-
ing driven by reinforcing feedback processes. Different reinforcing
feedback processes can be involved at one time. The reinforcing
feedback processes act within and across multiple spatial scales
(from local, national to international) and influencing changes to
the scaling within and across those levels in the process.

could have varying effects across scaling levels. For instance,
while agricultural subsidies could increase real household in-
comes at a small scale, once scaled up for the same group, the
average welfare effects could drop (Bergquist et al., 2023).
At small scales, the land-rich experience larger income gains
from subsidies at the expense of the land-poor. However, at
scale, input prices might decrease for input-intensive crops,
while the cost of labour increases, hence increasing income
benefits to the land-poor over the land-rich. The activation
of these feedback processes requires certain enabling condi-
tions to be in place first.

3 Enabling conditions and feedback processes for
successful adoption of RA in Africa

Enabling conditions are thresholds in system parameters
such that small further interventions may trigger rapid, self-
propelling change. For example, if an innovation outper-
forms the incumbent system on key metrics (price, labour
costs etc.), adoption is more likely to become self-propelling.
Some of these conditions relate to the innovation itself, such
as price and quality. These can be partly addressed at the de-
sign stage but may also be affected further by system dynam-
ics including feedbacks (e.g. prices may be lowered and qual-
ity improved through increasing returns to adoption). Others
such as complementarity and performance, desirability and
symbolism, accessibility and convenience, and information
and social networks depend on how the innovation fits within
the environment in which it is to be implemented (Lenton
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et al., 2022). These conditions are highly dynamic, continu-
ously adjusting in response to the actions taken and the feed-
back processes triggered and modifying the intervention en-
vironment. To keep up with these dynamics, implementors
have to be highly proactive and adaptive in their response.

Innovation adoption is a complex process with multiple
possible outcomes: adoption (continued use of an innova-
tion) (Ainembabazi and Mugisha, 2014; Amadu et al., 2020),
partial adoption (using part of the innovation) (Zulu-Mbata
et al., 2016), adoption intensity (using more or less of the in-
novation) (Kunzekweguta et al., 2017; Mujeyi et al., 2022),
non-adoption (not using the innovation) (Khoza et al., 2019),
dis-adoption (stopping use of the innovation) (Alpizar et al.,
2022; Grabowski et al., 2016), and adaptation (editing the in-
novation) (Bouwman et al., 2021). Here, an innovation is any
intervention new to a given location or context. It could be a
product (e.g. a new plant variety), a practice (e.g. cover crop-
ping, governance approach), or knowledge (e.g. a planting
technique). The individual attributes of an innovation (e.g.
price, quality) as well as how well it integrates with ex-
isting systems (e.g. complementarity, accessibility, symbol-
ism, performance) would affect its scalability and readiness
to scale. Here adoption is used to mean the same as scal-
ing out. To realistically illustrate the relational dynamics be-
tween some of the contextual factors, we have merged certain
enabling conditions in the subsequent discussions. Based on
this logic resulting categories include cost, performance and
capability, desirability and symbolism, accessibility and con-
venience, and information and social networks.

3.1 Cost, performance, and capability

A RA innovation is more likely to get adopted if it has lower
input costs and better performance compared to alternatives
for example in terms of improved yields provided the farmer
has the capability to meet the required costs. The cost of an
innovation is often evaluated in terms of a farmer’s available
resources (can I afford the capital or labour requirements?),
how it fits with existing systems (does it complement what
I have?), or perceptions of performance (can it improve my
returns?). For instance, for a farmer who already has oxen,
buying an ox plough could be cheaper than hiring a tractor.
However, the converse may be true for a farmer without oxen.
Perceptions of performance may motivate initial investment,
but actual performance drives future investments. To fully ex-
perience the benefits of an innovation, farmers need to have
the capability to effectively use the innovation. In most cases,
farmers must meet the innovation’s effective implementation
requirements (i.e. the requirements to maximize the benefits
of an innovation), such as labour (Habanyati et al., 2020),
time (Bouwman et al., 2021), and land requirements (Kur-
gat et al., 2020), to fully experience the benefits. Therefore,
interventions that increase the affordability of an innovation,
the capability of farmers, and optimize performance would
most likely increase the scalability of the innovation.
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The interaction between cost and performance could trig-
ger certain reinforcing feedbacks and lead to virtuous rapid
scaling cycles. For instance, if the cost of implementation
decreases while the performance increases, increasing re-
turns could be achieved (Takeshima, 2017). Increasing re-
turns could also result from farmers changing their enterprise
mix (Li et al., 2023), specialization (Takeshima, 2017) or
mechanization (Takeshima, 2017). As farmers learn through
practice, they get more efficient and potentially obtain higher
benefits from the intervention. These benefits from increas-
ing returns or learning by doing could trigger mass sequen-
tial adoption through social contagion as farmers learn from,
listen to, observe, and mimic successful peers in their social
networks (Centola, 2021). At programme level, learning by
doing could lead to reduced barriers to entry and better inter-
vention benefits, thus increasing the likelihood of successful
scaling.

3.2 Desirability and symbolism

Cultural beliefs, norms, and traditions shape what is accept-
able within a given society. Changing social norms and be-
liefs (scaling deep) often precede and could drive politi-
cal (scaling up) and technological changes, and if the re-
inforcing feedbacks are strong, this cycle of changes could
potentially tip social behaviour. In the RA adoption space,
such norms could relate to livelihood strategies for a given
group (Agundez et al., 2022), gender roles and associated re-
source access rights (Kehinde and Adeyemo, 2017; Khoza
et al., 2019), and social—cultural beliefs (myths about certain
practices) (Agundez et al., 2022; Assogbadjo et al., 2012).
For instance, in northern Malawi, Bambara groundnuts (Vi-
gna subterranea) had been promoted for their high nutri-
tious value, drought tolerance, and soil-enhancing qualities.
However, certain groups culturally associated this plant with
death, thus limiting its cultivation, distribution, and market-
ing (Forsythe et al., 2015). Resistance to the adoption of po-
tentially beneficial interventions could, in principle, be mit-
igated through educational campaigns through communities
of practice (Page and Dilling, 2019). However, there can be
important ethical considerations around changing beliefs and
practices in ways that could change the identity of a people.

Social norms and behaviour can be moulded and shaped
through actions of third-party entities such as the govern-
ment, intergovernmental and non-government organizations,
academics, and faith-based organizations, who may have
competing motivations (Fehr and Fischbacher, 2004; Halevy
and Halali, 2015). It is therefore crucial that communities,
whose cultural beliefs, norms, and traditions are impacted,
are provided with adequate information about interventions,
enabling them to independently assess their options and
make informed choices. In the smallholder setting, this often
involves intensive and consistent agricultural extension, char-
acterized by active farmer participation, practical demonstra-
tions of RA practices benefits, and cooperation with com-
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mon interest groups (Reed, 2007). Groups particularly pro-
vide a space for consultation between peers and leverage the
power of social influence towards adoption of group norms
(Alexander et al., 2022). In practice, agricultural extension
services and community groups are often affiliated to cer-
tain entities whose viewpoints and norms they champion.
Utilizing existing extension and community structure there-
fore risks playing into preexisting power dynamics and po-
tentially contributing to processes with unintended and un-
desirable outcomes.

3.3 Accessibility and convenience

For a product or process to be considered accessible, it must
be available, farmers must be able to reach the point of sup-
ply with ease, and they need to have the rights to use it.
Auvailability refers to the physical presence, for instance, of
land (Kehinde and Adeyemo, 2017; Razafimahatratra et al.,
2021), water for irrigation (Maindi et al., 2020), and essen-
tial inputs (Murindangabo et al., 2021) in the case of most
RA interventions. However, just because a resource is avail-
able, it does not guarantee accessibility due to infrastructural
barriers or issues associated with resource use rights. For ex-
ample, distance from markets/point of supply (Abdulai et al.,
2021; Kifle et al., 2022; Kunzekweguta et al., 2017; Mujeyi
et al., 2022), inadequate road infrastructure (Maindi et al.,
2020; Wafula et al., 2016), ownership of transport assets to
reduce the relative distance (Mujeyi et al., 2022), land tenure
(Murindangabo et al., 2021; Owombo and Idumah, 2017,
Teklu et al., 2023) and rights to protect and own trees in agro-
forestry schemes (Kouassi et al., 2021) could limit the access
and capability of potential users and thus adoption.

Addressing the various dimensions of accessibility could
improve farmer interaction and increase their likelihood of
experiencing innovation benefits and potentially adoption.
Taking steps to address the various accessibility challenges
could trigger certain reinforcing feedback processes, thus re-
sulting in virtuous scaling cycles. For instance, addressing
the issues of rights could involve both addressing certain
social norms linked to gender roles (scaling deep) and re-
viewing policies around land rights (scaling up), while in-
frastructural investments such as road networks and mar-
kets often come after policy changes (scaling up). Certain
policy changes could lower the cost of investment and cre-
ate opportunities for increasing returns and potentially net-
work effects. Network effects occur when the benefits of-
fered by a product or service increases with the number of
users (Tucker, 2018).

3.4 Information and social networks

While mechanisms like persuasion, regulation, and incen-
tives have often been used to bridge the adoption gap for
most interventions (Ajayi et al., 2008), positive perception
of performance of a RA practice plays a key role in driving
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both the initial engagement with and continued use of an in-
novation. Socializing the innovation is an essential step in
enabling the potential adopters to understand the innovation,
its performance, and their own capability to effectively use
it. For interventions whose benefits could take long to be re-
alized, increasing duration of exposure (Alpizar et al., 2022)
while providing technical support (Habanyati et al., 2020)
is an essential step. However, it is important to manage ex-
pectations or else risk potential dis-adoption if the innova-
tion does not deliver as expected (Chinseu et al., 2019). Ac-
cess to complete information is crucial in shaping potential
adopters’ experiences with an innovation, thereby influenc-
ing its likelihood of adoption or non-adoption.

The impact of all the enabling conditions discussed above
is information dependent. Therefore, the type of information
and how to present it, to whom, when, how often, and where
are all key questions when creating conditions for success-
ful adoption. The level of access, perception, and trust of
any particular information source could vary from group to
group. Thus, to effectively communicate, one must under-
stand the most favoured sources of information for any par-
ticular group (Djido et al., 2021; Muriithi et al., 2021). In
the smallholder context, while multi-media sources such as
radios, short-term message services on mobile phones, and
newsletters could be useful (Oladele et al., 2019), extension
service and informal farmer networks particularly play key
roles in information flow (Brown et al., 2017; Djokoto et
al., 2016; Habanyati et al., 2020). Extension here does not
limit itself to public extension services (for examples agricul-
tural officers, forestry officers) but also includes private and
NGO farmer support services. Beyond facilitating informa-
tion flow, extension approaches that prioritize farmer partic-
ipation and practical demonstration of the RA practice ben-
efits are likely to be more effective in improving farmer per-
ception and adoption (Reed, 2007). When it comes to farmer
networks, farmers are more likely to choose who to consult
based on homophily (people similar to themselves, e.g. reli-
gion, tribe), kinship, and/or physical proximity (Giroux et al.,
2023). Therefore, to strengthen and leverage the social cap-
ital in farmer networks, it makes sense to work with groups
of people near each other. For highly complex behaviours
like adoption of a new innovation, the strong social networks
cultivated in a group environment can play a powerful role
in propelling behavioural contagion (Centola, 2021). Groups
also provide secondary services that could improve the abil-
ity of individual group members to address resource limita-
tions that could affect adoption such as providing access to
affordable credit, land, or labour.

Most of the reinforcing feedback processes linked to scal-
ing leverage the power of information and social networks.
For instance, network effects rely on the benefits of being
part of a large network (Tucker, 2018), and social contagion
is driven by farmers getting information from, observing, and
imitating influential members of their social networks (Her-
rando and Constantinides, 2021; Randall et al., 2015). For in-
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formation cascades, agents are most likely to act on informa-
tion from trusted contacts and then only evaluate these reac-
tions later (Tokita et al., 2021). Some of these feedback pro-
cesses could result in the reconfiguration of social network
structure, impacting the scaling processes that are reliant on
these social network structures. For instance, in the event of
undesirable outcomes, agents often change their trusted con-
tacts to avoid similar experiences in the future (Tokita et al.,
2021). Therefore, it is worth ensuring that expectations are
managed, the information shared is authentic, and multiple
points of the network are targeted to minimize chances of
information loss if networks reconfigure.

Learning is an essential step in the adoption process, and
in its absence, the capability of the user could be greatly di-
minished and along with it the benefits drawn from an inno-
vation. While information cascades can be highly effective in
recruiting large numbers of participants in a short time, there
is a risk that social learning could be blocked as agents con-
form too quickly, not allowing time to aggregate information
and update personal beliefs (Bikhchandani et al., 2021). It is
therefore essential to create a balance between having rapid
scaling and ensuring that individuals learn enough to explore
and experience the benefit of an innovation.

4 A case study of The International Small group and
Tree planting programme (TIST) in East Africa

TIST is an agroforestry payment for ecosystem service (PES)
programme that is currently running in Kenya, Uganda, Tan-
zania, and India (Benjamin et al., 2018). The programme
also promotes reforestation, conservation farming, and en-
trepreneurship and operates in small groups of 612 farmers
within walking distance from each other (Reid and Swider-
ska, 2008). Since its launch in 1999, TIST has reached over
265919 farming households in 41 136 small groups, main-
tained over 28 million trees, and offset over 7 x 10° t of car-
bon (https://programme.tist.org, last access: 22 March 2025).
In East Africa, Kenya (20452 groups) has the highest num-
ber of groups enrolled, followed by Uganda (10 853 groups)
(Fig. 2).

Figure 2 shows variation in enrolment across different
sites, thus highlighting the contextual nature of scaling and
hinting on the need to address each scaling challenge on a
case-by-case basis. In Kenya, participant enrolment rates in
the Meru and Nanyuki project areas overshadow all the other
sites in the country and shape the national enrolment picture,
while in Uganda, the programme expanded to several new
project areas after 2015, with some (Soroti, Gulu, Amuru,
and Lira) achieving high rates of enrolment comparable to
the older sites. For instance, of the five sites with the high-
est number of groups in Uganda, three sites are less than 8
years old as of 2025, and among these Soroti has the second-
highest enrolment rate of all the sites in the country.
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5 Scaling of TIST

Here we apply the conceptual framework introduced to iden-
tify key features of TIST’s success in scaling. In Fig. 3, we
adapt Fig. 1 to illustrate the enabling conditions specific to
TIST. The subsequent section then explains the mechanisms
through which these enabling conditions result in scaling
with Fig. 4, illustrating the interconnected and mutually re-
inforcing membership benefits which have potential to drive
strong feedbacks.

6 Enabling conditions and reinforcing feedback
processes in the scaling of TIST

6.1 Cost, capability, and performance

While the promise of supplemental income from captured
carbon is a key incentive for initial enrolment in the pro-
gramme, the additional diverse benefits and the low cost of
participation gives participants multiple reasons to join and
stay involved. By design, TIST prioritizes maximization of
the benefits from participation in the programme while in-
creasing the capability of the farmers to engage through min-
imization of involvement costs. On the benefits side, the pro-
gramme supports participants to access carbon payments to
supplement the other benefits the trees may provide already
or in the future. Such benefits include soil improvement, ero-
sion control, wind breaks, firewood, fruits from fruit trees,
fencing material, timber, medicine, bee habitats, natural in-
secticides, and fodder (Reid and Swiderska, 2008). The pro-
gramme also offers secondary benefits to participants such
as better access to credit (Benjamin et al., 2016), improved
social capital, gender equity (Benjamin et al., 2018), and var-
ious livelihood diversification opportunities. On the cost side,
farmers in the programme are encouraged to establish their
own tree nurseries at group levels and grow locally avail-
able tree species. This localization of supply and flexibility
of choice aims to improve affordability and the contextual
appropriateness of tree choices. Secondly, TIST does not re-
strict participation based on land size or location. Therefore,
interested farmers do not have to incur any extra costs to
access land in order to participate. This reduction in cost
alongside other ecological and social-ecological reinforcing
feedback processes leads to accumulation of benefits, thus in-
creasing the returns to participation (see Fig. 4). As farmers
observe and imitate successful peers and build stronger social
support systems for adoption, social contagion and network
effects are often triggered (Powell et al., 2023).

6.2 Desirability and symbolism

Since TIST is farmer-centred and farmer-led, the farmers’
beliefs, norms, and value system are integrated throughout
programme participation decisions like what tree species to
plant, where, and how to plant them. With farmers driv-
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Figure 2. There was a steep rise in the enrolment of TIST participants in Uganda (a) and Kenya (b) between 2003 and 2022. Enrolment
varies between countries and sites within each country, thus highlighting the context specificity of scaling processes.
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Figure 3. TIST scales up, deep, and out in multiple ways. The interventions activate and contribute to the amplification of feedback processes

that drive scaling out, up, and deep and the interaction between them.

ing decisions, they are also able to drive appropriate local
policy changes from the grassroots. To aid this, TIST em-
ploys “cluster servants” to provide extension services, sup-
porting farmers in making such context-relevant changes
without compromising programme operational principles.
The cluster servants are appointed from the community of
farmers and so are familiar with both the local context and
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the programme’s operational dynamics. In the absence of
external support, farmers often promote their innovations
among peers (Reed, 2007). Under TIST, various groups in
the same cluster (30—40 small groups) meet monthly, thus
creating a platform for peer-to-peer innovation promotion.
These monthly cluster meetings also strengthen the social
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Figure 4. Mutually reinforcing benefits evidenced in the literature
are likely to strengthen feedbacks and increase the likelihood of fur-
ther adoption of TIST at community level. Conservation agriculture
and agroforestry improve soil ecological functioning and contribute
to improved and more stable yields (Rehberger et al., 2023), while
the various tree products along with carbon finance contribute to
income diversification and improved livelihoods (Benjamin et al.,
2018). Through working in groups, there is better information shar-
ing, which, in turn, builds and reinforces the social capital. Strong
and visible benefits to individual farmers or small groups are more
likely to feedback on adoption rates through social contagion. Re-
produced from Fig. 4.3.11 in Powell et al. (2023, p. 43).

support networks that play a key part in dealing with the more
nuanced and personal adoption challenges.

6.3 Accessibility and convenience

Enrolment in the TIST programme is open to all interested
smallholders within the different project areas. Participation
is not restricted by farm size (Benjamin and Blum, 2015),
implying that even farmers with access to very small pieces
of land can participate. Groups source their own seed and
seedlings. For instance, groups are encouraged to establish
and manage the nurseries but can also obtain seeds through
other preferred local sources. This ensures that farmers only
grow species they can obtain locally and with convenience.

Earth Syst. Dynam., 16, 1699-1710, 2025

TIST cluster servants are recruited from the local commu-
nity where they remain and work. Most are group members
within the same communities where they operate. This en-
sures that the much-needed extension support is easily and
conveniently accessible by the beneficiary community. TIST
offers farmers contracts of 10-30 years along with regular
training and extension support in financial management, tree
management, and other relevant skills (Masiga et al., 2012).
For these reasons, smallholders in TIST were less likely to
be credit-constrained, and those that kept records enjoyed
more favourable formal credit conditions (Benjamin et al.,
2016). These factors minimize the barriers to entry into the
programme, increasing the potential benefits from participa-
tion and making the programme highly scalable.

6.4 Information and social networks

Perception of performance is dependent on what is known
about the impact of the programme. To introduce new en-
trants to the programme impacts, TIST adopts a “come and
see” approach where representatives from a potential project
area are invited to visit and directly engage with actual bene-
ficiaries from older sites. For example, TIST started in west-
ern Uganda, with representatives of the south Rwenzori Dio-
cese visiting active farmers in Tanzania and experiencing the
impact of the project there and then returning and initiating it
in their region. This approach creates an opportunity for po-
tential participants to witness the benefits, learn, gauge their
capability to participate, and build networks for support dur-
ing implementation.

TIST also adopts a highly participatory approach in its ac-
tivities with farmers. For instance, farmers are involved in the
monitoring, verification, and reporting of the trees’ carbon
content along with quantifiers (Benjamin et al., 2018). Indi-
vidual farmer experiences are often shared during the cluster
meetings, which are always open to other community mem-
bers who might be interested in the programme. Since the
members of the cluster are often from the same geograph-
ical area and the same or closely related communities, the
experiences shared are relatable and shared by people al-
ready known to the community. Through the group structure
and these regular meetings, newly enrolled participants can
get to engage with participants who have been in the pro-
gramme longer. This creates more opportunities for valida-
tion of knowledge and farmer-to-farmer support during the
adoption process.

Interesting experiences from the different cluster meet-
ings held across the country are captured and compiled into
monthly newsletters that are freely distributed by cluster ser-
vants to the different stakeholders in their areas of opera-
tion. The newsletters are also accessible to the public on the
TIST website (https://www.tist.org, last access: 20 Septem-
ber 2025), creating an opportunity for other non-programme
participants to learn about the programme activities, suc-
cesses, and opportunities to get involved. The programme
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also maintains an open policy to research, actively seeking
collaborations with researchers and providing access to pro-
gramme data sets, which has enabled higher-level impact
evaluations.

Through the various processes described above, TIST cre-
ates diverse opportunities for learning by doing, laying the
foundation for social contagion as participants have access
to numerous opportunities to observe impacts and peers to
learn from and imitate. The social-ecological reinforcing
feedback processes potentially lead to landscape impacts
such as increased greening of the landscape in Kenya (Bux-
ton et al., 2021), which, along with the demonstrated social
impacts such as economic empowerment (Benjamin et al.,
2018), have increased the value of carbon credits sold by
TIST, thus commanding some of the highest prices for forest-
based initiatives in the market, currently USD 46 per tonne
(https://program.tist.org/buy-carbon-credits, last access: 22
March 2025). TIST has also received various recognitions
and awards attesting to its contribution, drawing in more col-
laborators and partners, increasing the value of being a mem-
ber of its network and potentially leading to network effects.

7 Conclusions

RA practices have been lauded as a potential solution to the
growing food insecurity and declining smallholder farmer re-
silience to the growing climate change pressure, and their
rapid and mass adoption is an essential step to address-
ing some of the key climate change targets (IUCN, 2021;
Marrakech Partnership, 2022). However, except for a few
programmes like TIST, most interventions promoting these
practices struggle to attain the desired levels and rates of
adoption. Moore et al. (2015) observed that a combination of
scaling up, out, and deep had a greater likelihood of leading
to large-scale system transformation than single strategies;
however, a formula for this precise combination did not ex-
ist. In this paper, we attempted to address the later challenge
by combining “the positive tipping points and Moore et al.’s
scaling dimensions” and proposed a conceptual framework
for rapid and sustained scaling. We apply it in the evaluation
of TIST scaling success and draw three key lessons.

1. One of the ways TIST achieves scaling up, out and deep
is by empowering smallholder farmers to lead not only
in the mobilization and recruitment of peers through
group formation but also in the decisions around what
tree species to plant, where, and how. Through this pro-
cess, not only are the choices made contextually rele-
vant, but the smallholders can also influence local poli-
cies and norms to complement their adoption choices.
A key lesson here is to identify and work with centrally
position actors who are able to influence all the dimen-
sions of scaling and are motivated to do so.

2. These different dimensions of scaling (scaling out, up,
and deep) continuously interact, with interactions medi-
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ated by feedback processes. Interventions have to cre-
ate enabling conditions for these reinforcing feedback
processes to get triggered. TIST achieves this by en-
abling farmers to access the open carbon market, giving
farmers decision autonomy and promoting group work,
thus increasing the programme’s likelihood of success-
ful scaling.

3. The rate of scaling is influenced by the reinforcing feed-
backs acting in any particular context. This could possi-
bly explain the different rates of scaling across the dif-
ferent sites in any particular country (see Fig. 2) despite
having the same implementation mechanism, thus iden-
tifying key reinforcing feedback processes and leverage
points that could be key in addressing context-specific
scaling challenges.

Although the reasoning behind the proposed conceptual
framework provides a compelling structure for systemati-
cally thinking about and addressing the rapid scaling chal-
lenge for RA in sub-Saharan Africa, in its present form it
lacks strong empirical backing, and its practical utilization
will depend on the availability of highly context-specific data
associated with the relevant variables and parameters (en-
abling conditions, reinforcing feedbacks, and scaling goals).
While monitoring and evaluation processes in existing pro-
grammes could be an important resource in bridging the es-
sential data gaps, it would be worth re-orienting the moni-
toring targets to meet the data needs for accelerating scal-
ing. Secondly, most resource-limited grassroots organiza-
tions may not have the capacity to invest in robust data col-
lection, yet they are best placed to initiate certain grass-
roots actions. For such organizations, relevant regional- or
country-level data sets could provide a starting point for nar-
rowing down relevant actions and processes. Hence, as a next
step, future research should create such data sets.
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