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A B S T R A C T

There is a general agreement among scholars that bundling Climate Information Services (CIS), Climate Smart 
Agriculture (CSA), and other agricultural products and services can positively impact agriculture. However, 
many questions still need to be answered regarding how the bundling can be achieved through scalable and 
farmer-centric CIS-CSA bundled business models. This study narrowed the knowledge gap by revealing 1) how 
CIS, CSA, and other agricultural products and services may be bundled to support sustainable agriculture, 2) 
what types of CIS-CSA bundled business models are successfully reaching and benefiting farmers and entre
preneurs, and 3) proposing an evaluation framework for assessing CIS-CSA bundled business models ready for 
scaling. Drawing on the synthesis analysis of available relevant publications, we devised a 1–5 scale evaluation 
framework based on nine scaling readiness indicators—technology, impact, bundling, infrastructure, relevance, ev
idence, barriers, sustainability, and value addition—to assign scalability scores to 29 business cases with bundled 
CIS-CSA products and services across Africa and Asia. Eleven CIS-CSA bundled business models with publicly 
available quantitative scaling readiness data (financial capacity, the number of customers, customer categories, 
and the number of beneficiaries) were used to quantitatively model how different CIS-CSA products and services 
bundling strategies, the revenue stream structure of a CIS-CSA business, and the structure of a CIS-CSA business’s 
stakeholder network (the diversity of its stakeholders) affect its scaling readiness. Based on the scaling readiness 
evaluation framework, of the 29 identified CIS-CSA bundled business cases, 12 were ready for scaling. The 
quantitative analysis revealed that the type of a CIS-CSA model significantly determines its scalability— for 
example, a government-to-donor-to-business-to-consumer (G2D2B2C) CIS-CSA bundled business model would 
have 10 million USD more invested capital than a government-to-business-to-consumer (G2B2C) bundled 
business model type. Additionally, the G2D2B2C bundled business model type would serve 5 million farmers and 
three customer categories and gain ten partners more than the G2B2C. The finding also suggests that multi- 
stakeholder CIS-CSA business models, which provide a more diverse package of CIS-CSA products and services 
and have many revenue sources, have the potential to benefit all categories of farmers and entrepreneurs. This 
study reveals a reason for optimism about the future of agriculture; it suggests that scalable bundled CIS-CSA 
products and services can contribute significantly to attaining climate resilience and food security.

1. Introduction

1.1. Rationale

Climate change and variability have emerged as an existential threat 
to the livelihoods of the global agricultural community. It is widely 

agreed that bundling CIS, CSA, and other agricultural products and 
services through business models could be an effective and efficient 
solution to the climate change and variability problems. However, how 
the bundling can be achieved in a way that benefits innovators and 
farmers has yet to be understood.

Climate change and variability have a detrimental effect on 
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agricultural output and, consequently, the global food system) (Zhao 
et al., 2017). Globally, there are around a billion people who are food 
insecure (Carthy et al., 2018), and this number could continue to grow if 
nothing is done. There is evidence that climate change is one of the 
primary obstacles to achieving sustainable food systems (Shirsath et al., 
2017; Zimmermann et al., 2017). It is highlighted that 70 % of people 
live poorly in rural areas and depend on rain-fed agriculture, which is 
vulnerable to climate change and variability (FAO, 2021). The climate 
change and variability problems could worsen; predictions show an 
alarmingly high crop yield loss of up to 70 percent by 2030 (Campbell 
et al., 2018; Jalloh et al., 2013). The global community now faces the 
daunting task of adapting to and reducing the long-term effects of 
climate change (Belay et al., 2022).

Bundling CIS, CSA, and other agricultural products and services 
through scalable business models is one of the most promising courses of 
action towards climate adaptation and resilience (Casey et al., 2021; 
Pietosi, 2021; Zougmoré et al., 2021). It is observed that complemen
tarity and dependence relationships exist between specific products and 
services; therefore, CIS-CSA business models that bundle a wide range of 
products and services would benefit entrepreneurs and a broad category 
of farmers. CIS supports adaptation to climate variability and change in 
agriculture by, for example, generating location-specific climate and 
weather information (Zougmoré et al., 2021); CIS is used as an entry 
point to select climate-smart practices and technologies (Bayala et al., 
2021). For a CIS-CSA bundled business model to attain its expected 
financial success and meet its customers’ spatially and temporarily 
evolving needs, it must be scalable.

A large body of knowledge on the drivers of scaling readiness of 
innovations is mostly qualitative. For example, Minh et al. (2022) pro
vides a guideline on how to qualitatively assess the scalability of an 
innovation bundle to design the best-fit scaling strategies and highlights 
that the network structure of a business (the diversity of its stakeholders) 
determines its scaling readiness; in other words, a business with a denser 
network of users and stakeholders would be more scaling-ready. Addi
tionally, Coviello et al. (2015) and Chesoli et al. (2024) note that a 
diverse customer base is another determinant of the scaling readiness of 
an innovation.

This study, using 29 CIS-CSA bundled business models operating 
mainly across Africa and Asia, quantitatively and qualitatively explored 
how the network of a CIS-CSA bundled business model’s stakeholders, 
its products and services bundling strategies, and its revenue generation 
stream structure affect its scalability. The study sought to find out how 
CIS and CSA can be bundled together with other agricultural services/ 
products to support sustainable development, which business models 
can support the implementation of CIS and CSA in a manner that 
maximally benefits farmers and business innovators, and what evalua
tion framework can be used to evaluate scalable business models. The 
research contributes to the existing body of literature by revealing the 
features of potentially scalable CIS-CSA bundled business models that 
can make climate resilience and food security interventions more 
effective and efficient.

1.2. Bundling CIS and CSA

CSA is gaining much attention from researchers and business in
novators. This is because the social and physical environment highly 
impacts the smooth implementation of CSA (Ulvenblad et al., 2019). The 
concept of CSA is based on global development priorities and aims to 
sustainably improve food security and climate change resilience and 
reduce greenhouse gas emissions (Abegunde et al., 2020; Egeru et al., 
2022; FAO, 2021; Tesfaye et al., 2021).

CIS generates and delivers climate and weather information to meet 
users’ context-specific needs (Findlater et al., 2021). It involves creating, 
diffusing, and interpreting climate and weather information to back its 
users (specifically farmers) in coping with climate change and vari
ability shocks in the agriculture sector (Vaughan et al., 2018); CIS is 

used as an entry point to select climate-smart practices and technologies 
(Bayala et al., 2021). CIS supports adaptation to climate variability and 
change in agriculture by availing practically helpful weather and 
climate information to farmers (Zougmoré et al., 2021), shielding 
farmers’ livelihoods, farms, and value chains from the adverse effects of 
weather and climate shocks. CIS also harmonizes policies and financing 
to mobilize and create innovative delivery channels and financial 
mechanisms (Zougmoré et al., 2021) and facilitates climate-sustainable 
financing and institutional coordination to ensure conditions for food 
systems that meet human needs in both short and long-term (Dinesh 
et al., 2017; Neufeldt et al., 2013).

Despite the immense potential of CIS, its provision still needs to be 
developed, especially in Africa (Ouedraogo et al., 2022). There is still an 
unmet demand for CIS. In Western Africa, for example, 68 % of local 
farmers need CIS (Ouedraogo et al., 2022). CIS owes its high demand to 
the accuracy and reliability of the weather forecast information it pro
vides to farmers; for instance, CIS empowers the farming community to 
make climate-smart crop options (Ouedraogo et al., 2022). On the 
supply side, however, research is underfunded in most National Mete
orological and Hydrological Services and other regional WCIS (Weather 
Climate Information Services) research institutions to inform the supply 
of context-specific WCIS (Findlater et al., 2021). This may result in the 
farmers’ continuous dependence on indigenous climate knowledge due 
to their inability to translate climate and weather data into practically 
sound farming decisions (Findlater et al., 2021; Rammer et al., 2021). 
Larosa and Mysiak (2020) claim that demand-driven quality-assured 
WCIS provision is essential for formulating context-specific policies and 
decisions to ensure sustainable food systems. Zougmoré et al. (2021)
note that a significant shift in managing food systems is necessary to 
achieve sustainable agriculture and food security. This critical trans
formation can be achieved by leveraging the synergistic relationships 
between CIS, CSA, and other agricultural products and services (Tesfaye 
et al., 2021) through scalable business models.

Bundling CIS, CSA, and other agricultural products and services 
empowers farmers to improve climate risk management, make wise 
decisions regarding climate variability, improve soil fertility, increase 
production, generate income, achieve food security, and, as a result, 
build climate resilience (Chang, 2017; Long et al., 2017; Tesfaye et al., 
2021). Bundled CIS and CSA with effective communication technologies 
and other services such as financial and insurance leads to a sustainable 
farming system (O’Grady & O’Hare, 2017) and lowers costs incurred by 
farmers (Devare et al., 2021). The sustainability of the bundling would 
be enhanced by business models that bundle CSA, CIS, and other agri
cultural products and services associated in a financially strategic 
manner (Prager et al., 2021).

1.3. Business models

A business model is a complex, multifaceted system (Margretta, 
2002; Lüdeke-Freund, 2014) that encapsulates a company’s customer 
structure, market offer, revenue generation, and value creation pro
cesses. It illustrates how private-led institutions enter markets, create 
value, innovate, and identify clients (Benijts, 2013; Long et al., 2017). In 
the agriculture sector, business models are primarily private initiatives 
aimed at providing farmers with essential goods and services, enhancing 
productivity, reducing climate-related risks, and promoting value chain 
participation (Chang, 2017; Pels & Sheth, 2017).

Effective business models are defined by a clear understanding of the 
customer, including strategies for engagement, customer access, and 
awareness-building. They also encompass business operations, resource 
needs, and key partnerships required for value creation, along with cost 
and revenue projections (Long et al., 2017; Lüdeke-Freund, 2014). As 
Margretta (2002) states, “A good business model begins with an insight 
into human motivations and ends in a rich stream of profits.” Ideally, a 
well-designed business model leverages opportunities by addressing 
customer pain points effectively while generating profits for 
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stakeholders (Lüdeke-Freund, 2014).
For sustainability, a business model must be compatible with the 

socioeconomic conditions of its environment and include stake
holders—such as customers, suppliers, and shareholders—in critical 
decision-making processes (Lüdeke-Freund, 2014; Rosenstock et al., 
2020).

CIS-CSA business models include financial models, insurance 
models, value/supply chain models, knowledge models (advisory and 
capacity building), digital innovation models, and mechanization 
models (Chang, 2017; Long et al., 2017; Vedeld et al., 2019). These 
models, for example, agri-tech companies provide digital platforms that 
connect farmers with farm input providers, extension agents, research 
institutes, weather forecasters, mobile operators, and financial in
stitutions. These business models offer farmers reliable weather and 
climate forecasts, empowering them to adopt improved farming prac
tices, increase productivity, and build resilience to climate shocks (FAO, 
2021; Pietosi, 2021). Financial support allows farmers to access services 
at subsidized rates or minimal cost, while service providers generate 
revenue through small charges, subscriptions, commissions, and loan 
recoveries (Casey et al., 2021; Hansen et al., 2019; Pietosi, 2021).

1.4. Scaling and scalability

Scaling is a multifaceted process that allows firms to respond to the 
favorable and economically “unhospitable” spatial–temporal dynamics 
of their environments. Businesses with high levels of scalability would 
navigate the spacetime evolutions of their markets without compro
mising on their core value proposition and the expectations of their 
stakeholders (Mathaisel, 2012).

Scaling involves various processes: horizontal, vertical, and diagonal 
processes (Neufeldt et al., 2013). Horizontal scaling is about emulating 
successful methods, devices, or prototypes in new places by demon
strating the efficiency and effectiveness of practices, technologies, and 
models. Vertical scaling involves institutional and policy change and 
makes it easier to remove barriers to uptake by various stakeholders 
(Linn, 2012). Diagonal scaling entails adding project mechanisms and 
altering the structure and strategy to keep up with the changing envi
ronment (Neufeldt et al., 2013). Direct and indirect strategies are used in 
both vertical and horizontal scaling approaches. Direct strategies denote 
a circumstance where the concerned institution has direct responsibility 
for enacting changes (Neufeldt et al., 2013). Indirect tactics refer to a 
situation where a company or organization encourages individuals to 
transform and embrace new practices or procedures (Neufeldt et al., 
2013).

Scaling requires the comprehension of the dynamics, contexts, and 
factors driving innovation in a more realistic setting (Wigboldus & 
Leeuwis, 2013). Effective scaling of a business model with bundled CIS- 
CSA services must integrate landscape analyses and approaches, 
context-specific drivers and spaces, partnerships and knowledge man
agement, institutionalization, multi-dimensional monitoring and eval
uation, capacity development through co-learning, and gender 
inclusivity (Neufeldt et al., 2013; Prain et al., 2020; Rosenstock et al., 
2014; Wigboldus et al., 2016), perceived value of the service or product, 
the support infrastructure, and the clientele to justify expenditure (Groot 
et al., 2019; Long et al., 2017). This implies that scaling is a multi- 
stakeholder-driven process with participatory and partnership plat
forms that are simple to mobilize members, flexible to integrate new 
members, and foster shared learning across numerous stakeholders with 
a variety of abilities (Andrieu et al., 2019; Wigboldus et al., 2016). 
Scaling is an evidence-based market-oriented process (Cooley & 
Howard, 2018; Kilelu et al., 2017; Masud et al., 2017) involving 
developing and testing innovations, approaches, concepts, and tools 
(Prain et al., 2020). Acknowledging the complexity and dynamic nature 
of the scaling process is essential; the process takes an average project 
lifespan of three to five years (Rosenstock et al., 2014; Woltering et al., 
2014).

According to Mathaisel (2012), “Scalability refers to the ability of the 
enterprise to grow without losing [its] customers, diminishing quality, 
or changing [its] core value proposition…” The scalability of an inno
vation reflects its acceptance, impact, and sustainability (Masud et al., 
2017; Rosenstock et al., 2014; Schut et al., 2020; Wigboldus & Leeuwis, 
2013). The growth of a business may not always reflect its scalability 
(Mathaisel, 2012; Mussapirov et al., 2019). A high-scalability business 
innovation would consistently perform under a wide range of spatial and 
temporal conditions of its market.

Several factors influence the scalability of a business innovation. The 
more a business’s operations rely on physical resources, the less is likely 
to cost-effectively and efficiently respond to the spatial and temporal 
evolutions of its environment (market), and, consequently, the less is 
scalable. Additionally, businesses with “rigid” decision-making struc
tures regarding resource mobilization would have low scalability 
(Mussapirov et al., 2019). Furthermore, small businesses and start-ups, 
due, for example, to their “infant” operational systems and low pro
files, would be less scalable (Mathaisel, 2012). A business can increase 
its scalability by, for instance, creating new distribution channels, 
overcoming bottlenecks, and diversifying customers and partners 
(Mussapirov et al., 2019; Sartas et al.,2020).

From the CIS-CSA perspective, scaling is about efficiency and 
coverage in delivering the impact of CIS-CSA bundled products and 
services to last-mile users. The proposed framework (Table 2) identified 
two primary conditions for the scaling readiness (scalability) of a busi
ness: the ability to generate revenue and develop partnerships with in
termediaries to reach the end-users with the bundled products and 
services. This suggests that private-sector-led, network-centric business 
models are critical for scaling bundled CIS—CSA by creating market 
incentives for innovation and participation and accelerating link for
mation between information, service providers, and users.

1.5. Types of business models and their delivery modalities

In the CIS-CSA sphere, the delivery modality of a direct-provision or 
indirect-provision business model encapsulates how it diffuses its in
novations to its customers using a network of trusted agents that are 
indirectly or directly involved in the production and marketing of its 
wide range of trusted services or products.

The trusted agents/networked agents are the stakeholders in the 
business model, which include, among others, agricultural extension 
agents, government institutions, NGOs, research institutions from both 
the private and public, telecommunication organizations, financial in
stitutions, agriculture officers, consumers, suppliers, farmers, and in
surance institutions (Pietosi, 2021).

According to Tinsley & Agapitova (2018), trusted services as a 
bundling modality include weather information services, agro-advisory 
services, financial services, telecommunication/mobile networks ser
vices, internet services, insurance services, credits and loans services, 
capacity building/training/knowledge services, market accessibility 
services, farm input services such as mechanization, fertilizers, selected 
seeds, and pesticides. These services and products are bundled to meet 
context-specific farmers’ needs. Products and services can reach last- 
mile users with direct-provision business models or with indirect- 
provision business models.

Usher et al. (2018) provide nine categories of business models, 
including B2D, B2D2C, B2D2G2C, B2G2C, B2B, B2B2C, B2C and G2C, 
where B = business; D = donor; G = government; and C = consumer. 
These are business models that create value for clients. The categori
zation is based on a business’s network structure, the nature of its 
stakeholders, and their relationships. For example, a B2B2C model can 
transact with other businesses and directly supply its products and ser
vices to its customers.
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2. Methods

2.1. Research scope

The content scope of this study covered ways in which CIS and CSA 
can be bundled with other agricultural services/products to support 
sustainable agricultural development, the business models that can 
enhance the adoption of CIS and CSA in a manner that benefits farmers 
and business innovators, and the evaluation framework that can be used 
to evaluate the scalability of such business models. The main focal re
gions of the data collection were Africa and Asia.

2.2. Research strategy

Review design: We used a descriptive literature review to analyze and 
synthesize various publications. This design helps to systematically 
collect and synthesize research findings, reveal evidence, and uncover 
areas where more studies are required for theoretical framework 
development (Snyder, 2019). For the scaling readiness evaluation 
framework, through the literature review, we aimed to synthesize 
selected works that would identify business models with bundled CIS- 
CSA services ready for scaling.

Data selection criteria: Data were retrieved from gray and peer- 
reviewed literature, primarily accessed through publication databases 
such as Scopus, Google Scholar, and Web of Science. A selective 
approach was employed to specifically obtain the required data, utiliz
ing the following keywords in the database search engines: climate in
formation services, climate-smart agriculture, climate-smart agriculture 
practices, bundling CIS with CSA, partnerships, agents, business models 
in CSA and CIS, scaling CSA and CIS, scaling strategies, business prod
ucts, agents and services, business cases, gender inclusion in CSA busi
ness models, and sustainability. Experts across Asia and Africa were 
consulted through various means and asked to recommend viable, 
ready-to-scale models. Using a predefined set of criteria, only 29 of the 
hundreds of recommended business models qualified for this study.

2.3. Conceptual framework

This conceptual framework explains the CIS-CSA bundled business 
models and prerequisites for their scaling readiness. In bundled CIS-CSA 
approaches, the value proposition (and hence the business model) arises 
from the network of services provided rather than a single pipeline of 
information. This “networked business model” is common in the 
emerging technology sector and hinges on the idea that no single entity 
can govern all the resources, information, and products required to 
satisfy customer needs (Palo & Tähtinen, 2011). The first step in 
developing the networked business model conceptual framework is pre- 
competitive research collaborations, as shown in Fig. 1. The primary 
goal of pre-competitive collaboration is to develop and implement 

innovations (Johnson-Woods, 2022). We clearly show how several 
partners in the business of CIS-CSA innovations find it more attractive to 
engage in pre-competitive collaboration to attract support from partners 
such as governments and development partners. Pre-coopetition is a 
revolutionary paradigm that combines competition and cooperation 
(Chin et al., 2008). At this level, the framework indicates that businesses 
generating innovations around the CIS-CSA collaborate or compete with 
specific stakeholders. However, they often do both simultaneously, 
giving rise to a competitive system of value creation (Osarenkhoe, 
2010).

Following coopetition, there is a need to repurpose the value already 
created to create more value by combining multiple individual services 
into one bundle. It is hypothesized that the more offers contained in a 
bundle, the higher the Perceived Value of the bundle will be. Osarenkhoe 
(2010) attests that bundling has the potential to build momentum 
around innovative new approaches by lowering the cost, increasing use, 
and leveraging existing/popular services/products to introduce new/ 
unpopular products. The proposed framework presents in Table 1 what 
gets bundled.

2.4. Evaluation framework

2.4.1. Qualitative evaluation of CIS-CSA bundled business models that are 
ready for scaling

The qualitative evaluation framework merges the works of Prager 
et al. (2021), Jacobs et al. (2018), and Sartas et al. (2020) to assess the 
“scaling readiness” of CIS-CSA bundled business models. Jacobs et al. 
(2018) reveal the determinants of a business’s scaling readiness: the 
value, user-friendliness, and availability of its technology, how it allows 
users to access markets, its gender inclusivity, and its context-specific 
applications. For Sartas et al. (2020), “scaling readiness” is affected by 
spatial and temporal contexts, innovations scale as part of packages, 
presence of bottlenecks, and multi-stakeholder agreement and co
alitions. Prager et al. (2021) noted that sustainability is critical to scaling 
readiness. Thus, we designed an integrated evaluation framework that 

Fig. 1. Conceptual framework emphasizing the systems-level sustainability.

Table 1 
Bundled CIS-CSA spectrum showing examples of services or products that are 
typically bundled.

CIS-CSA services/products that are 
typically bundled

Types of services or products

Knowledge services (KS) CIS, CSA recommendations, early 
warning, etc.

Consumables (C) Certified seed, fertilizer, chemical 
inputs, etc.

Financial services (FS) Microloans, insurance products, 
banking, etc.

Physical services (PS) Mechanization, milling, solar, etc.
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includes the sustainability factor.
We further adjusted the scale by Prager et al. (2021) by adapting the 

scalability scale of Sartas et al. (2020) to improve the objectivity of the 
ratings. Though they were assessing pure technology innovations and 
using a scale ranging from zero to 8, we identified similarities that 
helped determine the scores to evaluate the identified bundled CIS-CSA 
business models using our rating scale of 1–5: (1) substantially under
developed—meaning it is not scalable; (2) space to improve—meaning it 
needs improving in order to be scalable; (3) promising approach; (4) 
demonstrated viability—meaning it has the potential for scalability; and 
(5) scaling ready— meaning it is ready to be scalable. In Table 3, we 
present this scale and its descriptions.

After detailing the parameters for the evaluation criteria described in 
Table 2 and the readiness assessment scale in Table 3, we demonstrate 
how the business cases can be evaluated for scalability and sustain
ability. Thus, each identified business case was subjected to the evalu
ation framework, which assessed each of the nine parameters to 
ascertain its level of scalability. The final score of each business model is 
given by the average of the individual parameter scores, as described in 
Fig. 2.

Business models identified using the approach described in Section 
2.2 were quantified manually using Excel to ascertain their regional 

distribution and characteristics in terms of their type and services/ 
products they provide.

Further categorization was done to quantify the different bundling 
modalities, business associations, and networks. The evaluation frame
work further helped distinguish scalable business models by considering 
their ability to generate revenues and the existence of intermediaries 
and partners to scale the innovations to last-mile users.

2.4.1.1. Measurement scale for scaling readiness of CIS-CSA bundled 
business models. During the assessment, different variables were 
assigned varying weights. For instance, impact and sustainability were 
weighted more heavily at 1.5, while other variables were assigned a 
weight of 1. The weighting scale was set as 0–10. This weighting scale 
was based on the fact that a synthesis of multiple surveys indicate that 
0–10 scales with 5 set as the mid-point consistently revealed smallest 
numbers of missing data than scales of 1–10 (Hopper, 2024). Leveraging 
expert knowledge, the authors established a rigorous threshold score of 
7 out of 10 (at least 70 %). This high standard minimizes the likelihood 
of overestimating the scaling readiness of innovations.

The review was mainly descriptive and critically fills the gaps in the 
work by Prager et al. (2021). The findings are presented in tables and 
discussed in Sections 3 and 4.

2.4.2. Quantitative evaluation of the drivers of scaling readiness of CIS- 
CSA bundled business models

To identify the features of potentially scalable CIS-CSA bundled 
business models, we used the multivariate regression analysis technique 
to quantitatively investigate how the number of bundled products and 
services, the type of a CIS-CSA business model (the diversity of its 
stakeholders), and its number of revenue streams affect its scaling 
readiness.

In our quantitative exploration of the determinants of the scaling 
readiness of CIS-CSA bundled business models—based on the definition 
that scaling readiness reflects a CIS-CSA bundled business’s ability to 
cater to the needs of a broad customer base and meet the financial ex
pectations of its investors—we chose the number of customers and 
customer categories (smallholder farmers, large farmers, and co
operatives) served by a CIS-CSA bundled business, its capital invest
ment, and the number of its partners to be the quantitative dependent 
variables of our regression models.

Data on the dependent and independent variables were obtained 

Table 2 
Integrated evaluation framework descriptors for measuring business innovation 
scaling readiness.

Parameter Description Source

Technology Technology is assessed based on its availability, 
accessibility, and effectiveness in facilitating 
the production, translation, and transmission of 
effective climate services.

Authors of this 
paper

Impact Impact indicators may include changes in 
yields, improved food security, climate- 
resilient livelihoods, avoided losses, and 
increased income.

Authors of this 
paper

Barriers Barriers may exist in different forms: economic, 
institutional/regulatory, behavioral or 
psychological, organizational, consumer/ 
market, and social.

Authors of this 
paper

Bundling Business cases are assessed based on how well 
the business model bundles different services to 
tailor products and services to the targeted 
users.

Authors of this 
paper

Infrastructure This rating criteria explores how the lack of/ 
existing infrastructure inhibits or stimulates the 
climate services market. Infrastructure should 
be assessed across various factors, including 
effectiveness, usability, affordability, and 
capacity to support further technological 
innovation.

Authors of this 
s paper

Relevance Products must be tailored to meet users’ 
requirements and expectations. It has been 
recognized that effective CIS is aimed at 
specific users of the service and their particular 
needs.

Authors of this 
paper

Evidence We use evidence of access, use, and impacts of 
bundled CIS-CSA cases as a criterion to 
illustrate the success of the business models.

Authors of this 
paper

Value 
addition

Additional value creation by combining 
features and benefits or through any other 
method that results in increased 
understanding, use, and adoption of CIS/CSA.

Jacobs et al 
(2018)

Sustainability Bundling itself does not make a business model 
scalable. Sustainability requires business 
models that are private-sector-led and have 
intermediary organizations (e.g., SME 
agribusinesses, input providers, and producer 
associations) to run profitable businesses with 
financially sustainable approaches that create 
value for consumers while creating one or more 
revenue-generating streams (service fees, 
commissions, direct sales, etc.) for their 
investors.

Jacobs et al 
(2018)

Table 3 
Business scores, levels, and their basic descriptions.

Scale 1–5 (Prager et al. 
2021)

Description of the scale adapted from Sartas et al 
(2020)

1 ¼ Substantially 
underdeveloped

The innovation team is still developing the 
technology, which is not being used to achieve the 
intervention’s objective in the specific 
spatial–temporal context where the innovation is to 
contribute to achieving impact.

2 ¼ Opportunity to 
improve

The technology innovation team has developed 
effective partners. At this level, the innovation has 
stakeholders and partners that may or may not be 
involved in its development.

3 ¼ Promising approach Technology development partners form an innovation 
network: Innovation is commonly used by effective 
partners who contribute to its development by 
providing data and information.

4 ¼ Demonstrated 
viability

Innovation networks form an innovation system in 
which business innovations are commonly used by 
stakeholders, including those developing similar, 
complementary, or competing innovations.

5 ¼ Scaling ready An innovation system graduates into a livelihood 
system when the business innovation is commonly 
used by stakeholders who are not in any way involved 
in or linked to its development to contribute to 
achieving impact.
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from various online sources by visiting the businesses’ official websites. 
For the CIS-CSA initiatives without online web pages, we relied on the 
websites of their affiliates, partners, and stakeholders to gather the data. 
Of the 29 identified CIS-CSA bundled business models across the 
sampled regions of Asia and Africa, 11 had publicly accessible data 
about our model’s dependent and independent variables. Thus, we 
selected them for our quantitative analysis.

Raw data on the explanatory variables—the type of a CIS-CSA 
bundled business model, the categories of customers, the number of 
revenue streams, and the number of beneficiaries—were summarized 
and arranged using Excel. The categorical variables had the following 
levels: revenue streams; goods transactions, services transactions, 
commissions, direct sales, subscription fees, licensing, brokerage fees, 
advertising, lending or leasing, transactional/project service/recurring, 
goods and services tax/income tax/corporate tax/non-tax revenues, side 
gigs, self-employment, royalties, interest, and capital gain; the structure 
of a CIS-CSA bundled business model; government, donor, business, and 
consumer; the categories of customers; smallholder farmers, large 
farmers, cooperatives, agro-dealers, and extension agents.

We then subjected the collected data to multivariate regression 
analysis to analyze the statistical significance of the combinations of the 
levels of the explanatory variables. We used the regression model Yj =
B1Xj + B2Zj + B4Wj + B4(XjZj) + B5(XjZjWj), where B1, B2, B3, B4, and 
B5 are the regression coefficients. Xj represents the model type of a CIS- 
CSA (the diversity of its stakeholders); Xj ranges from 2 to 4 (B2C = 2,… 
G2D2B2B2C = 4; B = business, D = Donor, G = government, C =
customer); Zj represents the number of CIS-CSA bundled products and 
services; Zj ranges from 1 to 4 depending on what a CIS-CSA business 
bundle (FS only = 1, FS and C = 2, FS, C, and KS = 3, KS only = 1, C only 
= 1, PS only = 1, KS, FS, C, and PS = 4…), where FS: Financial services, 
KS: knowledge services, and C: Consumables, PS: physical services; and 
Wj represents the number of revenue streams of a CIS-CSA bundled 
business model(the number of ways through which a CIS-CSA business 
generate income). Wj starts from one. For example, for a CIS-CSA 
bundled business model that earns money through goods transactions, 
services transactions, commissions, direct sales, subscriptions, licensing, 
brokerage fees, advertising, lending, dividends, capital gains, and in
terest, Wj is the sum of the individual revenue sources which is 12 in the 
above example. We assume that the model has a trial solution, that, in 
other words, it passes through the origin.

3. Results

3.1. Characteristics of CIS-CSA bundled business models

Table 4 shows 29 identified business models selected for inclusion in 
the analysis. It indicates the name of a business case, the bundled CIS- 
CSA services and products it offers (KS, C, FS, and PS), the source/ 
author, and the target groups. Four business models were identified in 
Southern Africa, four in Asia, one in the Horn of Africa (Ethiopia), five in 

West Africa, four across Africa, eight from East Africa, and two that 
operate globally. Table 4 also highlights the dominance of knowledge 
and financial services in the bundled CIS-CSA market. The results reveal 
significant variations in the spatial distribution of bundled services. For 
instance, knowledge services are more prevalent in East Africa (27 %) 
than in the other regions, while consumables (29 %) and financial ser
vices (25 %) also show a similar trend. This underscores the regional 
diversity in providing bundled services, with knowledge and financial 
services emerging as the key services across all the sampled regions. In 
contrast, bundled physical services are more prevalent in Asia (60 %) 
than in the other regions.

Table 5 illustrates the categories of CIS-CSA bundles: knowledge, 
consumables, financial, and physical services. In the area of knowledge 
services, tips on farming management are predominant in Asia (27 %). 
On the other hand, capacity-building services are more predominant in 
East Africa (36 %) and across Africa (21 %) than in the other regions. 
Other services predominantly offered include climate and weather data 
(25 %) in East Africa, advisory services in East Africa (21 %) and West 
Africa (21 %), market prices in Asia (25 %), and access to markets where 
they stand at 20 % in Southern Africa, Asia and globally, respectively. 
The finding underscores the need for more attention to bundling market 
prices and access to markets with other products in most regions. These 
services are crucial for farmers as they provide assurance and guidance 
for the growth and sale of produce. Fertilizers and seeds are the most 
offered consumable services, especially in East Africa (21 %) and across 
Africa (21 %). Southern Africa significantly dominates the other regions 
in providing consumables; pesticides/agrochemicals are provided at 
100 %. Seeds are provided at the same level (20 %) in East Africa, West 
Africa, and across Africa compared to the other regions where they are 
less bundled. On the offered financial services, subsidies are the most 
predominantly provided in Asia (43 %) and Southern Africa (29 %) 
compared to the other regions. Indexed-based insurance services 
bundling is provided chiefly in Southern Africa (22 %) and West Africa 
(22 %) compared to the other regions. There are no significant variations 
in how loans and credits are offered (20 %) in Southern Africa, West 
Africa, and East Africa compared to 15 % offered in Asia and across 
Africa. Regarding the physical services offered in terms of machinery 
provision, Asia has the most providers (29 %), followed by the other 
regions (14 %) except East Africa (0 %), indicating that business models 
in East Africa do not include machinery services in their CIS-CSA bun
dles, despite over 50 % of all the sampled business cases identified in this 
paper being from this region.

3.2. Type and delivery modalities of CIS-CSA bundled business models

Table 6 illustrates business model types identified in 29 business 
cases across all the sampled regions. They include G2C, B2C, B2B2C, 
B2G2C, B2D2G2C, B2B, and B2D2C. They exist in the form of bipolar, 
tripolar, and quadrupolar. There is a significant variation of these 
models across all the sampled regions in benefiting users. For example, 

Fig. 2. Evaluation framework of bundled CIS-CSA business cases for Scaling Readiness.
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across all the regions, B2C (n = 18), B2D2C (n = 16), and B2B2C (n =
10) were the dominant, followed by B2B (n = 9), B2D2G2C (n = 9), 
B2G2C (n = 4), and G2C (n = 4). The predominant business models in 
East Africa were B2D2C (n = 5) followed by B2C (n = 3). In Southern 
Africa, B2C (n = 3) and B2G2C (n = 2) are the most dominant. In West 
Africa, B2D2C (n = 4), B2C (n = 3), G2C (n = 2), and B2G2C (n = 2) are 
the common existing models. In the Horn of Africa, B2D2G2C (N = 2) 
dominates. Across Africa, B2C dominates.

The business models in Table 7 generate revenues/profits from 
various bundled services through goods transactions, services trans
actions, commissions, direct sales, subscription fees, licensing, 
brokerage fees, advertising, lending/leasing/renting, government goods 
and services tax, income tax, corporate tax, non-tax revenues, union tax 
duties, earned jobs and side gigs, interests, loyalties, etc. The regional 

distribution of these revenue-generation services is depicted in Table 7, 
showing significant variations across all the sampled regions. Sub
scription fees, for example, are the most common revenue-generation 
means in Asia and Southern Africa (33 %), respectively. The same ap
plies to service transactions in both regions (30 % in Southern Africa and 
20 % in Asia) compared to the other regions.

Table 8 presents the categories of business models based on the 
services they offer (trusted services, trusted agents, trusted products, 
and direct provisions). Table 8 shows that 100 % of all the evaluated 
business cases across all the sampled regions offered trusted services 
regarding KS, C, FS, and PS. This implies that the provided services are 
trusted because the end users value the value or benefits they bring to 
their livelihoods.

In the trusted services, intermediaries and private sector-led 

Table 4 
List of business cases, their geographical locations, bundled CIS − CSA services, and targeted customer base.

CIS -CSA bundled business case Location KS C FS PS Source Target group

1. ZFU Eco Farmer Combo Zimbabwe ✔ ​ ✔ ​ (CTA, 2020; Kakooza, 
2014)

Farmers union and extension agents, and agro- 
dealers

2. FARMIS Uganda ✔ ​ ✔ ​ (Kakooza, 2014) Small farmers, extension agents, and agro-dealers
3. MUIIS Uganda ✔ ​ ✔ ​ (Chang, 2017) Small farmers and agro-dealers
4. 8 villages Indonesia ✔ ​ ✔ ✔ (FAO, 2021) Farmers cooperatives, individuals, extension agents, 

and agro-dealers
5. IFFCO-Kissan India ✔ ✔ ✔ ✔ (Vedeld et al., 2019) Large, and small farmers, cooperatives, and 

extension agents
6. Lima Links, Rupaya and Vitality Zambia ✔ ✔ ✔ ✔ (Vitalite and Links, 

2021)
Small farmers, cooperatives, and agro-dealers

7. Services for CSA and CIS consulting and capacity 
building

East Africa ✔ ✔ ​ ​ (Ngingi and Muange, 
2022)

Cooperatives, small farmers, and agro-dealers

8. Participatory integrated climate services for 
agriculture (PICSA)

Global ✔ ​ ​ ​ (Dorward et al., 2015) Small farmers, cooperatives, extension agents, and 
agro-dealers

9. ESOKO Ghana ✔ ✔ ✔ ​ (Nii-Koi, 2021) Individual, small farmers, extension agents, and 
agro-dealers

10. Farmer links Philippines ✔ ​ ✔ ​ (Chang, 2017) Cooperatives, extension agents, and agro-dealers
11. One Acre fund East Africa ✔ ✔ ✔ ​ (Tinsley and 

Agapitova, 2018)
Small farmers

12. Digital Agro-Climate Advisory (DACA) Africa ✔ ​ ​ ​ (Kagabo et al., 2020) Individuals, small and large farmers, cooperatives, 
and extension agents

13. Solutions for cereals and livestock farmers in 
Southern Africa

Southern 
Africa

✔ ✔ ✔ ​ (CTA, 2020) Cooperatives, individuals, agro-dealers, and 
extension agents

14. CIMMYT/BISA India ✔ ✔ ​ ✔ (Vernet, 2017) Large and small farmers, cooperatives, extension 
agents, and agro-dealers

15. Climate-Smart Villages approach Global ✔ ✔ ✔ ​ (Aggarwal et al., 2018) agro-dealers, small farmers, and cooperatives
16. aMaizing Kenya ✔ ✔ ✔ ​ (Pietosi, 2021; Prager 

et al., 2021)
Individuals, small and large farmers, cooperatives, 
and extension agents

17. Rwanda Climate Services for Agriculture Rwanda ✔ ​ ​ ​ (Prager et al., 2021) Farmers, agro-dealers, cooperatives, and extension 
workers

18. Manobi Africa Africa ✔ ​ ✔ ​ (Manobi Africa, 2022) Farmers, financial institutions, and value chain 
actors

19. Bundled Advisory Services Kits for Enabling 
Transformation in Agriculture (BASKET-A)

Senegal ✔ ​ ✔ ​ (Prager et al., 2021) Farmers, agro-dealers, extension workers, and value 
chain actors

20. PPP business models for CIS delivery in Climate 
Smart Villages in Northern Ghana

Ghana ✔ ​ ​ ​ (Partey et al., 2019)

Small and large farmers, agro-dealers, value chain 
actors, private sector, and extension workers

21. Shamba Shape Up and i-Shamba East Africa ✔ ​ ​ ​ (iShamba, 2022; 
Pietosi, 2021)

Farmers (small and large) agro-dealers, financial 
institutions, and cooperatives,

22. Bundling CIS with agricultural inputs, in Senegal Senegal ✔ ✔ ✔ ​ (Prager et al., 2021) Small farmers, extension workers, and value chain 
actors,

23. Integrated soil nutrient and climate risk 
management (ISN-CRM) in Mali.

Mali ✔ ✔ ​ ​ (Prager et al., 2021) Small and large farmers, extension workers, and 
agro-dealers,

24. Lersha Ethiopia ✔ ✔ ✔ ✔ (Prager et al., 2021) Farmers, the private sector, financial institutions, 
and value chain actors

25. Climate risk insurance and information in Zambia 
(CRIIZ)

Zambia ✔ ​ ✔ ​ (Prager et al., 2021) Farmers and financial institutions

26. Viamo platform Global ✔ ​ ​ ​ (Usher et al., 2018) The private sector, farmers, and financial institutions
27. Acre Africa Africa ✔ ​ ​ ​ (CTA, 2020) Financial institutions, farmers,
28. aWhere Africa ✔ ​ ✔ ​ (Pietosi, 2021; Usher 

et al., 2018)
Farmers, financial institutions, private sector, and 
agro-dealers

29. MasterCard Farmer Network- MFN Africa ✔ ✔ ✔ ​

(MasterCard 
Foundation, 2015)

Farmers, financial institutions, the private sector, 
and agro-dealers.
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network-centric models are provided in Table 9. As results indicate, SME 
agribusinesses, input providers, producer associations, creating market 
incentives for innovation, participation of service providers, and accel
erating link formation between information and service providers and 
users are the ways intermediaries and private sector-led network-centric 
business models operate in varying manners to deliver bundled series 

across all the regions.

3.3. CIS-CSA bundled business models that are ready for scaling

Twenty-nine CIS-CSA bundled business models (Table 4) were sub
jected to the developed evaluation 1–5 scaling readiness framework 

Table 5 
Regional distribution and descriptions of types of bundled CIS-CSA services/products categorized as KS, C, FS and PS. The out-of-the-bracket represents the occurrence 
of a service per region while the numbers in brackets are their corresponding percentages.

Knowledge (KS) Global Across Africa East Africa West Africa Southern Africa Horn of Africa Asia Total

Tips on farming management 2(18) 0(0) 2(17) 1(9) 2(18) 1(9) 3(27) 11
Climate and weather data forecasting 2(10) 2(10) 5(24) 4(20) 4(20) 1(5) 2(10) 20
Market prices 1(13) 1(13) 1(13) 1(13) 1(13) 1(13) 2(25) 8
Access to market (agricultural produce/implements…) 2(20) 1(10) 1(10) 1(10) 2(20) 1(10) 2(20) 10
Advisory services 2(14) 2(14) 3(21) 3(21) 1(7) 1(7) 2(14) 14
Capacity building 2(14) 3(21) 5(36) 1(7) 1(7) 0(0) 2(14) 14

Consumables (C) ​ ​ ​ ​ ​ ​ ​ ​
Fertilizers 1(7) 3(21) 3(21) 2(14) 2(14) 1(7) 2(14) 14
Seeds 1(7) 3(20) 3(20) 3(20) 2(13) 1(7) 2(13) 15
Pesticides/Agro-chemicals 0(0) 0(0) 0(0) 0(0) 2(100) 0(0) 0(0) 2

Financial services (FS) ​ ​ ​ ​ ​ ​ ​ ​
Loans 1(5) 3(15) 4(20) 4(20) 4(20) 1(5) 3(15) 20
Credits 1(5) 3(15) 4(20) 4(20) 4(20) 1(5) 3(15) 20
Subsidies 0(0) 0(0) 1(14) 0(0) 2(29) 1(14) 3(43) 7
Index-based insurance 1(6) 3(17) 3(17) 4(22) 4(22) 1(6) 2(11) 18

Physical services (PS) ​ ​ ​ ​ ​ ​ ​ ​
Machinery (farming tractors) 1(14) 1(14) 0(0) 1(14) 1(14) 1(14) 2(29) 7

Table 6 
Regional distribution and description of bundled CIS − CSA business model types Numbers represent the occurrence of a service per region.

Type of business 
model

Number of bundles per type service (all the sampled 
regions)

Across 
Africa

East 
Africa

West 
Africa

Southern 
Africa

Asia Horn of 
Africa

Global

G2C 4 0 1 2 0 0 0 1
B2D2C 16 4 5 4 0 1 1 1
B2G2C 4 0 0 2 2 0 0 0
B2D2G2C 9 1 1 1 1 2 1 2
B2B 9 2 1 1 0 0 0 1
B2B2C 10 4 2 1 1 1 1 0
B2C 18 4 3 3 3 3 1 1

Table 7 
Regional distribution and description of revenue generation streams of business models with bundled CIS-CSA services ready for scaling. The out-of-bracket numbers 
represent the occurrence of a service per region, while the numbers in brackets are their corresponding percentages.

Intermediary organizations Number of bundles per 
service type (all regions)

Across 
Africa

East 
Africa

West 
Africa

Southern 
Africa

Asia Horn of 
Africa

Global

Goods transactions 11 2(18) 0(0) 1(9) 2(18) 3(27) 1(9) 2(18)
Services transactions 10 1(10) 1(10) 0(0) 3(30) 2(20) 1(10) 2(20)
Commissions 6 1(17) 0(0) 1(17) 1(17) 2(33) 1(17) 0(0)
Direct sales 7 1(14) 1(14) 1(14) 2(29) 1(14) 0(0) 1(14)
Subscription fees 9 0(0) 1(11) 0(0) 3(33) 3(33) 1(11) 1(11)
Licensing 11 2 (18) 1 (9) 1 (9) 3 (27) 2 (18) 0 (0) 2 (18)
Brokerage fees 8 1 (13) 2 (25) 1 (13) 3 (38) 1 (13) 0 (0) 0 (0)
Advertising 14 3 (21) 2 (14) 1 (7) 3 (21) 3 (21) 1 (7) 1 (7)
Lending/leasing/renting 13 3 (23) 2 (15) 1 (8) 2 (15) 3 (23) 1 (8) 1 (8)
Transactional, project, service and recurring 8 1 (13) 2 (25) 0 (0) 2 (25) 2 (25) 1 (13) 0 (0)
Government are Goods and Services Tax (GST), Income tax, 

corporation tax, non-tax revenues, union excise duties
2 0 (0) 0 (0) 0 (0) 0(0) 2 

(100)
0 (0) 0 (0)

Earned jobs and side gigs 11 3 (27) 2 (18) 0 (0) 2 (18) 3 (27) 0 (0) 1 (9)
Dividends 10 2 (20) 2 (20) 0 (0) 2 (20) 2 (20) 1 (10) 1 (10)
Running your own business 11 2 (18) 2 (18) 0 (0) 2 (18) 3 (27) 1 (9) 1 (9)
Royalties 2 1 (50) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (50)
Interest 5 0 (0) 1 (20) 0 (0) 2 (40) 1 (20) 0 (0) 1 (20)
Capital gains 1 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 

(100)
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presented in Fig. 2, and the results are presented in Table 10. These cases 
were evaluated using the framework outlined in Section 2.4.1 to assess 
their readiness for scaling.

While all the innovations may benefit farmers and entrepreneurs, our 
analysis found that only 12 cases were ready for scaling, while the others 
required further development. The bundled business models that we 
deemed ready for scaling (those which scored 7–10) were Lersha, 
Rwanda Climate Services for Agriculture, Climate-Smart Villages 
approach, Services for CSA and CIS consulting and capacity building, 
MasterCard Farmer Network, ZFU Eco Farmer Combo, One Acre Fund, 
Solutions for cereals and livestock farmers in Southern Africa, CIMMYT/ 
BISA, PICSA (Reading University), IFFCO-Kissan, and ESOKO. They 
scored exceptionally higher in technological aspects than the other in
novations in the study, implying that their technologies are affordable, 
accessible, simple, and easy to use (Zamboni et al., 2019).

For sustainability, the leading innovations are Rwanda Climate 
Services for Agriculture, One Acre Fund, Climate-Smart Villages 
approach, and ZFU Eco Farmer Combo, which all show exceptional 
performances on other ratings. In this study, impact and sustainability 
were weighed heavily. The innovations notable for the highest impact 
observed were the Climate-Smart Villages approach, PICSA (Reading 
University), and One Acre Fund. As the results show, it has proven 
difficult for many of these innovations to break through barriers to 
achieve their development objectives; most of the innovations scored 
low on the barrier parameter; only two innovations, the Climate-Smart 
Villages approach and One Acre Fund, were able to score as high as 0.75.

3.4. Drivers of CIS- CSA

bundled business models for scaling readiness Bundled CIS-CSA 
business models from Table 10 were subjected to quantitative analysis 
to explore how the network of a CIS-CSA bundled business model’s 
stakeholders, its products and services bundling strategies, and revenue 
generation stream structure individually or jointly affect its scalability. 
Table 11 shows the results from the multivariate regression analysis of 
the effects of the type of a CIS-CSA bundled business model, the number 
of revenue streams, and the number of bundled products and services on 
the size of its customer base.

Table 11a reveals a statistically significant effect of the type of 
business model on its customer base (the diversity of its customers) (p =
0.012). However, Table 11a reveals a statistically negative significant 
interactive effect between the CIS-CSA bundled business model type and 
its revenue stream (p = − 0.029). Table 11b reveals that the type of a 
CIS-CSA business model has a statistically significant effect on its 
number of partners (p = 0.015). Table 11c shows that the type of CIS- 
CSA business model significantly affects the total number of people it 
serves (p = 0.04). Table 11d reveals that the CIS-CSA bundled business 
model type has a statistically significant effect (p = 0.012) on its 
financial capacity.

4. Discussion of results

4.1. Components of bundled CIS-CSA business models for sustainable 
agriculture

The results reveal gaps in the provision of the bundled CIS-CSA 
services, as presented in Tables 4 and 5. KS, C, FS, and PS are pro
vided in varying ways across the regions investigated. KS, C, and FS 
bundled services predominate in East Africa. On the other hand, PS is 
predominantly provided in Asia, rarely in the other regions, and not in 
East Africa. The results show that most business models in Africa do not 
include PS in their bundles; in Africa, most CIS-CSA bundled businesses 
provide KS, C, and FS. This might be attributed to the fact that PS, such 
as mechanization, solar energy, etc., are expensive and remain in com
mercial farming. One reason could be that the subsistence farmers of 
Africa would not afford PS bundles. CIS-CSA bundled businesses in Af
rica must be heavily subsidized to offer PS bundles at reasonably 
affordable prices. Another reason may be related to the lack of funding 
to promote the creation of the innovation and a lack of knowledge of the 
value of the innovation that bundling CIS-CSA services will generate 
(Findlater et al., 2021; Rosenstock et al., 2020). This finding reflects the 
shortcomings of CIS-CSA systems in Africa. Ineffective CIS-CSA service 
delivery systems may slash farmers’ adaptability and resilience to 
climate-change risks. According to Casey et al. (2021), the private and 
public financing of bundled CIS-CSA services is necessary to attain 
scalable and sustainable agriculture.

Table 8 
Type of networks of business models built around bundled CIS- CSA services/products per region. The out-of-bracket numbers represent the occurrence of a service per 
region, while the numbers in brackets are their corresponding percentages.

Intermediary 
organizations

Number of bundles per type service (all 
regions)

Across 
Africa

East 
Africa

West 
Africa

Southern 
Africa

Asia Horn of 
Africa

Global

Trusted Services 16 1 (6) 3 (19) 5 (31) 2 (13) 3 (19) 0 (0) 2 (13)
Trusted Products 7 1 (14) 4 (57) 0 (0) 1 (14) 0 (0) 1 (14) 0 (0)
Trusted Agents 7 1 (14) 1 (14) 0 (0) 1 (14) 2 (29) 0 (0) 2 (29)
Direct Provision 0 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Table 9 
Regional distribution of CIS-CSA service/products intermediaries and private-sector- led-and network-centric business models. The out-of-bracket numbers represent 
the occurrence of a service per region, while the numbers in brackets are their corresponding percentages.

Services Across 
Africa

East 
Africa

West 
Africa

Southern 
Africa

Asia Horn of 
Africa

Global

SME agribusinesses 3(13) 7(29) 5(21) 2(8) 4 
(17)

1(4) 2(8)

Input providers 3(15) 6(30) 5(25) 2(10) 3 
(15)

0(0) 1(5)

Producer associations 1(8) 3(23) 3(23) 2(15) 3 
(23)

0(0) 1(8)

Creating market incentives for innovation 4(17) 6(26) 3(13) 3(13) 4 
(17)

1(4) 2(9)

Participation of services providers 5(19) 8(30) 4(15) 3(11) 4 
(15)

1(4) 2(7)

Accelerating link formation between information and service providers and 
users

6(21) 8(29) 4(14) 3(11) 3 
(11)

1(4) 3(11)
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The study’s scaling-readiness assessment reveals 12 potentially 
scaling-ready business models (Table 10). The business cases deemed 
ready for scaling scored exceptionally higher in technological aspects 
than the other innovations evaluated by the study. Their success is 
attributed to the accessibility, affordability, and user-friendliness of 
their technologies (Zamboni et al., 2019). Additionally, these business 
cases are primarily led by the private sector and have intermediary 
agents (Jacobs et al., 2018). For example, the One Acre Fund is a private- 
sector-led business case that provides agro-weather advisories bundled 

with inputs from fertilizers and agrochemical suppliers. Furthermore, 
the businesses offer diverse product and service packages, serving many 
categories of customers (smallholders and large farmers and co
operatives (Table 4) to ensure many revenue-generation streams. The 
success of the initiative can be explained by the impact and sustain
ability of the products and services it bundles and its close collaborations 
with governments, NGOs, and other entrepreneurs (Casey et al., 2021; 
Vitalite and Links, 2021; Pietosi, 2021; Chang, 2017; FAO, 2021; 
Kakooza, 2014).

Table 10 
Evaluated CIS-CSA business models for their scaling readiness.
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4.3. Drivers of CIS- CSA bundled business models for scaling readiness

Results show that the type of a CIS-CSA bundled business model 
consistently positively affects all the investigated scaling readiness in
dicators: the diversity of its customers, its financial capacity, the number 
of partners, and the size of the reached population (Table 11a, b, c, and 
d). In other words, other things being equal, a D2G2B2C business model 
would be more scalable than a G2B2C type. The joint effects of the 
scaling readiness explanatory variables are not statistically significant. 
Nevertheless, in most cases, our analysis shows that the interaction ef
fects are positive (results not presented).

Table 11 reveals that adding one more active stakeholder to a CIS- 

CSA bundled business network would enable it to reach a broader 
customer base; a G2B2B2C CIS-CSA business could serve three more 
customer categories than a B2B2C. The finding may imply that multi- 
stakeholder CIS-CSA business models could reach and satisfactorily 
serve all categories of farmers—small and large farmers and co
operatives. While Chen et al. (2023) state that the multi-stakeholder 
approach would not always be beneficial due to the complexity of the 
business environment, Dembek et al. (2018) remark that multi- 
stakeholder business models can benefit clients with a broad range of 
economic statuses.

The study shows that the interaction between the type of a CIS-CSA 
bundled business model and the number of its revenue streams statis
tically significantly negatively affects the number of its customer cate
gories (Table 11a, p = 0.028). In low-income countries where 
smallholder farmers comprise a significant fraction of the farming 
community, most farmers would prefer the for-free to the for-fee option. 
Thus, the stakeholders of CIS-CSA bundled business models have to 
monetize their products and services in a way suitable for financially 
unfortunate smallholder farmers. Zhang et al. (2015) state that engaging 
paying and non-paying customers would be necessary for a business 
model to reach a broad customer base in low-income countries.

Table 11b, which presents the effects of the type a CIS-CSA bundled 
business model, its number of bundled products and services, and its 
number of revenue streams on its partnership, shows that adding one 
more active stakeholder (government, private agent, or donor) to a CIS- 
CSA business network would attract ten new business partners; in other 
words, other things being equal, a G2B2C CIS-CSA bundled business 
would have ten more business partners than a B2C CIS-CSA type. The 
finding may imply that the highly networked CIS-CSA business models, 
thanks to their collective intellectual and material resourcefulness, 
would be able to meet the expectations of their stakeholders and, as a 
result, retain or grow the number of their partnerships. Shankar et al. 
(2012) state that a network is imperative for the success of a business. 
MacDonald et al. (2022) also emphasize the importance of multi- 
stakeholder partnerships for sustainability. According to Usher et al. 
(2018), multi-stakeholder CIS-CSA bundled business models, such as 
B2D2G2C and B2D2C, would benefit farmers and entrepreneurs.

Based on the results in Table 11c, for example, a D2B2C CIS-CSA 
bundled business model would serve five million more farmers than a 
B2C type. The finding suggests that CIS-CSA bundled business models 
with diverse stakeholders, owing to their extensive network of agents 
and sizeable geographical coverage, would reach as many last-mile users 
as possible and significantly impact the farming community. Soundar
arajan et al. (2019) state that the multi-stakeholder approach can 
enhance the supply chain.

Table 11d shows that, for instance, a G2D2B2C CIS-CSA bundled 
business model would be more financially resourceful than a D2B2C 
type. The former’s financial capacity would be 10 million USD more 
than the latter’s. Thus, in developing worlds where a private or public 
entity would not single-handedly handle the operations of a CIS-CSA 
business financially, business models with many stakeholders would 
be financially wise options; the more diverse the network, the more 
resources.

The diversity of stakeholders (private and public) that operate a CIS- 
CSA bundled business would significantly determine its scalability. 
While the joint effects of the three studied explanatory variables for the 
scalability of CIS-CSA bundled business models are not statistically 
significant, perhaps because our sample was small (n = 11), the effects 
are positive, suggesting that multi-stakeholder CIS-CSA bundled busi
nesses that bundle a variety of products and services (for example, 
knowledge, financial, value-chain, insurance, and digital services) 
(Chang, 2017; Long et al.,2017; Vedeld et al.,2019), and generate in
come from many sources such as service subscriptions, commissions, 
concessions and loan recovery, and indemnities (Casey et al., 2021; 
Hansen et al., 2019; Pietosi, 2021) would resiliently navigate the unfa
vorable spatial–temporal evolutions of their markets and meet the 

Table 11 
Quantitative evaluation of drivers of CIS- CSA bundled business models for 
scaling readiness.

Variables and their 
interactions

B- 
coefficients

Standard 
error

T- 
statistic

P- 
value

11a. The effects of the type of CIS-CSA bundled business model, the number of revenue 
streams, and the number of bundled products and services on the number of customer 
categories (smallholder farmers, large farmers, and farmers’ cooperatives)

Type of a CIS-CSA business 
model

2.586 0.799 3.235 0.012*

Number of revenue streams 
of a CIS-CSA bundled 
business model

− 0.165 0.167 − 0.99 0.351

Type of a CIS-CSA business 
model X number of 
bundled products and 
services

− 0.165 0.167 − 0.99 0.351

Type of a CIS-CSA business 
model X number of 
revenue streams of a CIS- 
CSA bundled business

− 0.188 0.071 2.66 0.029*

11b.The effects of the type of business model and the number of bundled products and 
services on the number of partners of a CIS-CSA bundled business model

Type of a CIS-CSA bundled 
business model

10.308 3.357 3.07 0.015*

The number of bundled 
products and services

3.545 19.387 0.183 0.859

Type of a CIS-CSA bundled 
business model X number 
of bundled products and 
services

− 2.43 5.262 − 0.462 0.657

11c. The effects of a CIS-CSA bundled business model and the bundle size on the total 
number of its potential customers

Type of a CIS-CSA business 
model

4,925,500 2,621,500 1.88 0.04*

Number of bundled products 
and services

− 6,039,800 4,340,000 − 1.39 0.197

11d. The effects of the type of CIS-CSA bundled business model and the number of bundled 
products and services on a CIS-CSA bundled business’s financial capacity

Type of a CIS-CSA business 
model

10,119,000 2,851,100 3.549 0.012*

Number of bundled 
products/services

11,577,000 15,597,000 0.742 0.486

Number of revenue streams 
of a CIS-CSA bundled 
business model

− 3,577,000 4,169,200 0.858 0.424

Type of a CIS-CSA bundled 
business model X Number 
of bundled products and 
services

− 4,493,600 4,049,200 − 1.11 0.31

Type of a CIS-CSA business 
model X number of 
revenue streams of a CIS- 
CSA bundled business 
model

514,140 1,116,000 0.461 0.661

*A p-Value below 0.05 indicates that the variables or their interactions have 
statistically significant effects. The capital X indicates the interactions.
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spatially and temporarily varying needs and expectations of their cus
tomers and investors.. Bundling CIS-CSA with effective communication 
technologies and financial and insurance services leads to sustainable 
agriculture (O’Grady & O’Hare, 2017). It is worth remarking that while 
the study shows that CIS-CSA bundled business models that can benefit 
entrepreneurs and farmers are those that have diverse stakeholders, 
Prager et al (2021) demonstrate that some of the potentially scalable 
business models can be public, not necessarily public–private, and in 
these instances the model is “G2X” (i.e., government to consumers) 
rather than “B2X” (i.e., business to consumers). Successful G2X exam
ples include the Rwanda Climate Services for Agriculture (RCSA) 
(Birachi et al., 2020). RCSA, while initially viewed as perhaps not having 
a business model, the successful government-run initiative demonstrates 
how public CIS-CSA business models can serve as part of the available 
public services to lower risk and improve climate outcomes for both 
farmers and the government alike.

5. Conclusions and recommendations

The study exposes the spatial distribution of CIS-CSA bundled busi
ness models, services, and products they bundle across the sampled re
gions of Africa and Asia. It also introduces a 1–5 scale framework, a 
potentially valuable tool for assessing the scaling readiness of CIS-CSA 
bundled business models. The research also quantitatively explores 
how the type of a CIS-CSA business model (the diversity of its stake
holders), the number of products and services it offers, and its number of 
revenue streams affect its scaling readiness.

The study reveals that knowledge services are the most common CIS- 
CSA services across Africa, while mechanization services are rare in the 
region. Asia dominates the physical services (mechanization) sphere. 
The CIS-CSA businesses in Africa have yet to work with their partners to 
make mechanization services available and financially affordable.

The 1–5 scaling readiness evaluation framework shows that of the 29 
evaluated CIS-CSA bundled business models across Africa and Asia, less 
than 50 % (12) are ready for scaling, suggesting that there is still a long 
way to go to attain effective and efficient CIS-CSA services delivery 
systems.

The quantitative analysis of the study suggests that the type of a CIS- 
CSA business model (the diversity of its stakeholders) significantly de
termines its financial capacity, the number of customers it can reach, the 
customer categories it can serve, and the number of its partners, and, 
therefore, its scaling readiness. Therefore, all else being equal, multi- 
stakeholder CIS-CSA bundled business models, for example, D2G2B2C, 
G2B2C, G2D2B2B2C, and D2B2C CIS-CSA business models that offer 
diverse packages of CIS-CSA products and services (knowledge services, 
consumables, financial services, and physical services) at reasonably 
affordable prices could significantly benefit entrepreneurs, smallholder 
and larger farmers, and cooperatives.

The statistically negatively significant interaction between the CIS- 
CSA bundled business model type and its number of revenue streams 
underscores the need for smallholder-farmer-centric revenue-generation 
strategies in low-income countries. If the goal is to leave no farmer 
behind, CIS-CSA bundled businesses must engage non-paying and 
paying customers to reach all categories of farmers.

We recommend investing in CIS-CSA value-oriented business 
models, having a network of agents from public and private domains, 
bundling a wide range of products and services, serving a diverse 
customer base, and having multiple revenue streams.
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