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Abstract

Phone-based applications, Internet connectivity, and big data are enabling climate
change adaptations. From ICT for development and agriculture perspectives,
great interest exists in how digital platforms support climate information provi-
sion for smallholder farmers in Africa. The vast majority of these platforms both
private and public are for delivering climate information services and for data
collection. The sheer number of digital platforms in the climate information sector
has created a complex information landscape for potential information users, with
platforms differing in information type, technology, geographic coverage, and
financing structures and infrastructure. This chapter mapped the existing climate
information services and examined their impact on policy and practices in
smallholder farming development in Africa, with a focus on Ghana. Specifically,
the chapter provides highlights of digital platforms available to smallholder
farmers and agricultural extension agents, analyzes the public and/or private
governance arrangements that underpin the implementation of digital climate
information delivery, and assesses the potential of these platforms in scaling up
the use of climate information. The chapter contributes to understanding the
dynamics of climate information delivery with digital tools in Africa, and sug-
gests a future research agenda.

Keywords

Climate information services · Digital platforms · Smallholder farming · Ghana ·
Africa

Introduction

Climate change and variability are complex problems affecting different geograph-
ical regions, people, and socio-ecological systems. Africa is likely to be the most
adversely affected due to its overdependence on climate-sensitive sectors for devel-
opment. For instance, studies have shown that Ghana is highly prone to drought;
temperatures are projected to increase at the rates of 3.8% (1.02 °C), 5.6% (1.5 °C),
and 6.9% (1.8 °C) for the near future (2040), mid-future (2060), and far future
(2080), respectively, and rainfall is expected to become more erratic (Dumenu and
Obeng 2016). The changing climate conditions and the projections of increased
temperature and precipitations have implications for smallholder farming and house-
hold food security.

The Intergovernmental Panel on Climate Change (IPCC), in recognition of the
heightened climate impacts, vulnerabilities, and need for adaptation, encourages the
adoption of a cross-sectoral and integrated approach to the development and

2 R. Sarku et al.



adoption of long-term and sustainable adaptation and mitigation strategies (IPCC
2014). Adaptation, along with mitigation efforts, is a complementary approach for
reducing and managing the risks associated with climate change and sustainable
development particularly in developing countries (Federspiel 2013; IPCC 2014).
Countries are therefore expected to develop mechanisms (plans, programs, and
policies) that enhance resilience and provide support for local practices for climate
change adaptation (Dougill et al. 2017).

To support farmers to better adapt to climate change and variability, context-
relevant, accurate, and timely climate information services (CIS) have become a
relevant strategy (World Meteorological Organisation 2015). CIS range from climate
data delivery, transformation of climate-related data together with context informa-
tion into customized products such as projections, forecasts, trends, economic
analyses, analysis on best practices, development and evaluation of solutions, user
interactions, and capacity development (Vaughan and Dessai 2014; Vogel et al.
2019). Through the provision of CIS, farmers can make crucial decisions regarding
when to plough, sow seed, apply fertilizer, and harvest, thus, reducing exposure to
risks (Tall et al. 2014). It also provides actors such as agricultural extension agents,
researchers, and policy-makers with the requisite knowledge to support farmers to
adapt to climate change. Despite the relevance of CIS, smallholder farmers are
unable to access it due to high illiteracy rates, technical information, financial
constraints, sociocultural barriers, and infrastructural challenges (Singh et al. 2016,
2018). In this regard, the Global Framework for Climate Services (GFCS) has
become a prominent mechanism to address these challenges (World Meteorological
Organisation 2015). The framework recognizes the role of digital tools for the
provision of tailored CIS to meet the needs of users including smallholder farmers
(Singh et al. 2016). Digital tools include new ICTs such as smartphones and old ICTs
such as radio and television (Asenso and Mekonnen 2012). The growing innovations
associated with ICTs create new opportunities for information-sharing, alternative
forms of connectivity, financing models, and governance arrangements (Bennett and
Segerberg 2012; Karpouzoglou et al. 2016; Soma et al. 2016).

Despite the opportunities associated with the application of ICTs for the delivery
of CIS in Africa, opinions abound regarding the extent to which smallholder farmers
use ICT-delivered CIS.

Some of these opinions include:

• Old technologies such as radio, television, and farmers’ networks remain the most
relevant and cost-efficient ICT platforms for the delivery of CIS.

• ICTs remain underused despite the hype due to the lack of relevant content
information, lack of or poor infrastructure, low affordability, low literacy, lack
of access to ICTs, and absence of conducive social norms, such as trust.

• ICTs are social transformational tools which are enabling farmers to become co-
producers of CIS rather than consumers.

• The delivery of ICT-based CIS results in changes in institutional logics in farming
communities in the form of new interactions and information exchange and other
forms of innovation intermediation.
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The differences in the opinions on the application of ICTs for the delivery of CIS
for smallholder farmers may be attributed to the relatively underdeveloped CIS
sector in Africa (Graham et al. 2015; Hansen et al. 2019). This can also be attributed
to the fact that studies on CIS use among smallholder farmers in Africa are often
framed under themes, such as gender, accessibility, local content development, and
local knowledge, while ICTs are mostly treated as sub-themes. Based on this gap,
this chapter examines the application of digital tools for the delivery of CIS for
smallholder farmers with a focus on Ghana. This chapter is guided by the following
questions:

• Who are the actors of ICT-based CIS delivery?
• What digital tools are used for the delivery of CIS for smallholder farming in

Ghana?
• Which category of farmers applies CIS?
• What financing modes and governance arrangements are used for the delivery of

CIS?

The chapter contributes to the literature on climate change adaptation in two
ways: First, it provides an overview of the landscape of digital tools that are being
used to provide CIS to smallholder farmers in Ghana. Second, it provides insights
and directions for further research on the delivery of CIS with digital tools in Ghana
in support of adaptation. The chapter consists of an “Introduction”, “Methodology”,
“Results”, and “Conclusion” sections.

Methodology

To generate data for the chapter, a systematic literature review was carried out with
three databases: Scopus, Google Scholar, and CAB Abstracts. Keyword searches of
terms “Climate services” AND “Ghana,” “Climate information services” AND
“Ghana,” “Weather information” AND “Ghana,” and “Weather information ser-
vices” AND “Ghana” were entered as queries. “Weather and climate information
services” AND “Ghana,” “Climate and weather enterprise” AND “Ghana,” and
“Agrometeorological services AND Ghana” were conducted. Other queries include
“Hydroclimatic information,” “Weather information services,” “Agroclimatic infor-
mation,” “Services,” and “Information.” Articles that had the abovementioned key
terms in their title or abstract were selected through a process of “abstract sifting” to
help align with the language, concepts, and subject matter. Since CIS is still in its
infancy and now gaining attention in the literature in Africa, limited literature was
generated for the period 2000 to 2020. Hence, the snowball strategy was used to
expand the scope of the literature by identifying additional literature from the
selected peer-reviewed journals. Other literature which had combined themes on
CIS and agricultural extension or had a regional scope on Africa with case studies on
Ghana were also selected.
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Additionally, desktop search was conducted by reviewing the websites of public,
nongovernmental organizations (NGOs) and business organization that provide CIS
in Ghana including ESOKO; MFarm; Farmerline; e-agricultural platform; Climate
Change, Agriculture and Food Security (CCAFS); African Cashew Initiative,
Ignitia, Technical Centre for Agricultural and Rural Cooperation ACP-EU (CTA);
US Agency for International Development (USAID); and Agricultural Cooperative
Development International and Volunteers in Overseas Cooperative Assistance
(ACDI/VOCA). Relevant policy documents, thesis, and gray literature were also
reviewed to provide information for the analysis. The limitation of the method used
for the selection of literature for the chapter is the application of only three databases.
Also, new publications could have been made after the literature search was
conducted. The intertwining nature of CIS, ICTs, and other broad themes could
have resulted in the omission of certain literature that might have relevant informa-
tion on the application of ICTs for smallholder farming in Ghana.

The content analysis of the selected literature was guided by the research question
and core themes: ICTs, digital tools, CIS, smallholder farming, and Ghana. Addi-
tionally, the content of the literature was analyzed based on the geographical settings,
governance arrangements, geographic scope, type of digital tools or products,
content of the digital messages, stages in their development, targets in the farming
sector, and organizations providing CIS with ICTs. Here, the content analysis helped
categorize and structure the sub-themes in order to select new themes emerging from
the literature.

Results

Actors Involved in the Provision of CIS with ICTs

The actors providing CIS with ICTs to smallholder farmers were grouped broadly
since a more comprehensive analysis indicating all actors is beyond the scope and
objective of this chapter.

Actors who collected weather data with ICTs include the Ghana Meteorological
Agency (GMet). At the international level, international weather organizations
(National Oceanic and Atmospheric Administration (NOAA) and European Orga-
nisation for the Exploitation of Meteorological Satellites (EUMETSAT)), the Euro-
pean Centre for Medium-Range Weather Forecasts (ECMWF), the National
Aeronautics and Space Administration (NASA), UKMet, and the World Meteoro-
logical Organization also provide weather data (Mills et al. 2016; Usher et al. 2018).
Farmers also constitute CIS data providers as they also generate information on local
weather indicators in their communities for co-creating weather information with
formal scientific models (see Kadi et al. 2011; Nyadzi 2020).

Intermediary CIS providers add value to the weather data. They include business
weather data providers, like aWhere, Satelligence, and Weather Impact, mobile
telecommunication network providers, and ICT platform providers (e.g., Prepeez)
(Singh et al. 2018), while some knowledge institutions also play this role. Some
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actors double as intermediary CIS providers and also deliver the information directly
to farmers with their ICT platforms, e.g., Farm Radio International, MFarm, Esoko,
Farmerline, and VOTO Mobile among others.

The delivery of CIS information for farmers is carried out by a variety of actors
from the government agencies, e.g., GMet, GTV, National Disaster Management
Organization, and regional public radio channels (Adjin-Tettey 2013). International
development partners in collaboration with ICT companies also provide CIS to
farmers (Mohammed 2018). Businesses, commercial radio channels, and agri-
input companies are also involved in the delivery of CIS to farmers. Other actors
include processors, input suppliers, aggregators, exporters, agricultural service pro-
viders, and NGOs. They focus on providing complex interventions (e.g., demon-
strations, visual aids, agronomic inputs, logistics, and resources) to ensure farmers’
access to information (Slavova and Karanasios 2018).

Digital Platforms for the Delivery of CIS to Smallholder Farmers

This section is divided into three subsections.

Data Collection and Production of CIS
Few studies provide information on the application of ICTs for collecting data and
producing CIS for the smallholder farming sector. Even so, some studies which
captured data collection at the farming community level were identified. These
include ground-level measurements and nowcasts that are derived from ICT-enabled
platforms such as algorithms, automatic weather stations, weather models and
historical observational weather data, automatic rain gauge, sensors, data logger,
and ground-level radio with the aid of mobile telecommunication network radar
(Gotamey et al. 2018; Usher et al. 2018; Nyadzi 2020). Global Positioning Systems
(GPS) are also used to pick the location of communities, and some of the
abovementioned technologies are triangulated to provide location-specific data.
The mobile phone or smart technologies are also used to transmit data from weather
stations in different locations to weather information producers, although carried out
on a trial basis (Akudbillah 2017; Usher et al. 2018). In the case of the actual
provision of weather data, the technologies are mostly based outside Ghana, and
so the role of the Internet becomes relevant for data transmission (Chudaska 2018).
For example, supercomputers and cell tower-mounted or co-located automatic
weather stations capitalize on the increasing availability of secure, powered,
connected telecommunication infrastructure in Ghana. Smartphones are used to
collect personal data, type of crops cultivated, and location with Geographic Infor-
mation Systems (GISs), and the data is stored to a server. Also, some organizations
have researched the production of CIS with ICTs, such as chip sensors, in the
northern part of the country for monitoring temperature and other weather indicators
in local communities (Mills et al. 2016; Usher et al. 2018). The collection of local
weather indicators with a smartphone for co-producing location-specific CIS has
also been carried out on a trial basis (Nyadzi 2020; Sarku et al. forthcoming).
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Data Management and Analysis
CIS information providers usually have supercomputers, data processing, analytical
models, sophisticated algorithm proprietary data sets, or multilayer ICT architecture
with a system of modular components (functionalities and interfaces) that
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communicates with a central cloud application, which includes a central database
(see Fig. 1) to interpret and convert raw data into accurate forecasts. For example,
Ignitia uses supercomputers to provide real-time weather forecasts to farmers. The
geospatial data collected from many locations over time are collated in a central
database and then interpreted by experts (Chudaska 2018). Application Program-
ming Interfaces (APIs) are used to deliver real-time CIS data to systems and
businesses (e.g., aWhere and Farmerline). Cloud computing is used to limit the
impact of unstable power and air conditioning systems in computer rooms (e.g.,
aWhere and Ignitia). CIS bundling is one of the key marketing strategies of market-
led ICT platform information providers. It involves the collection of GPS coordi-
nates and profiles on farmers’ socioeconomic characteristics to provide value-added
services such as agronomic advisory (Etwire et al. 2017; Partey et al. 2020). Some
pilot projects indicate the use of different ICTs to integrate the weather data with soil
and crop advice and make suggestions for minimizing losses and optimizing inputs
(Eitzingera et al. 2019). Decision-support systems such as RainCast application have
data source that uses OpenWeatherMap with the aid of an API to extract weather data
(Omoine et al. 2013). From the API, the app retrieves temperature or weather
conditions for the day and the time the condition is expected to occur for as much
as 5 days ahead (Dinku et al. 2018; Gotamey et al. 2018). Mobile telecommunication
networks also help to locate users in a variety of ways through network-based call
detail records (CDRs), triangulation via LBS, and user registration, which enable the
creation and delivery of highly localized, farm-level forecasts based on user location.

Information Delivery
To enable the delivery of CIS to farmers, the focus is mostly on the medium of
information delivery due to its influence on the usability of the information for
decision-making in farming (Dilling and Lemos 2011; Lemos et al. 2012). Often a
distinction is made in the literature between existing and emerging technologies as
“old” and “new” ICTs, respectively, based on different factors. From the social
perspective, ICTs are classified as new, due to the ability to mostly complement or
spur real-life interactions, and two-way communication (Materia et al. 2015;
Sulaiman et al. 2012; Slavova and Karanasios 2018). They also enable alternative
forms of connectivity and virtual communities for different actors (Bennett and
Segerberg 2012; Cieslik et al. 2018). Another factor that is used to distinguish
ICTs as either old or new is based on the capacity of the technology to collect
data, process, and deliver information within a short period across space and time
(Asenso-Okyere and Mekonnen 2012; Munthali et al. 2018). Also, ICTs are classi-
fied as new based on the innovations attached to the technologies such as the ability
to provide mobile push-and-pull services (e.g., social media) (Bell 2015; Barber et
al. 2016; Suchiradipta and Saravanan 2016). In some instances, new technologies are
identified to support environmental monitoring through the involvement of citizens
in data collection (Buytaert et al. 2014; Karpouzoglou et al. 2016; Nyadzi 2020).
With regard to the governance or institutional perspective, old ICTs have remained
large under the control of state organizations, while new ICTs seem uncontrollable
and have transformative powers due to the numerous actors who use it to provide
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information across space and time (Mol 2008; Soma et al. 2016). In reference to
these factors, a plethora of new ICTs is identified for the delivery of CIS for farming
(Akudugu et al. 2012; Munthali et al. 2018).

New ICT
Mobile phones for CIS delivery are increasing in Ghana due to its different func-
tionalities. As tools for oral interpersonal communication, mobile phones have a
high level of ownership among farmers (Anuga et al. 2019). Farmers stressed the
importance of mobile phones as tools for accessing formal and informal networks.
For instance, they are used to contact agricultural extension agents (e.g., dealing with
pests) or reach out to fellow farmers for assistance (Alhassan et al. 2013). The are
several advantages associated with the use of a mobile phone for the delivery of CIS
(see Table 1). The functions of mobile phones used by RainCast for the delivery of
CIS include a selection of options for language, location, type of forecast required,
and other information related to farming (Omoine et al. 2013).

Interactive voice response (IVR) is a voice-based channel of communication;
others include call centers and voicemail (Zougmoré et al. 2018). The e-extension
platform for the Ministry of Food and Agriculture (MoFA) has a mobile application
called Farmer Direct which allows farmers to call in and receive pre-recorded
information (Modernizing Extension and Advisory Services (MEAS) 2012;
Munthali et al. 2018).

The voice/audio and video messages are in the form of pre-recorded information
in the local languages to meet the needs of different categories of farmers. The voice
forum is a feature that allows farmers to ask questions by calling a toll-free helpline
with a short code. Agricultural extension agents can answer questions via a web
interface, and answers are sent to farmers as voice SMS (Slavova and Karanasios
2018).

Short message services (SMS) are short written text with description on weather
conditions and other agricultural information on how to tackle pests or diseases,
agricultural techniques, optimum planting times, available subsidies, and weather
forecasts, local fairs, and crop prices (Aker 2011). For example, Ignitia Ghana
partners with ACDI/VOCA to deliver weather forecast through SMS to farmers
who are part of the Agricultural Development and Value Chain Enhancement
(ADVANCE) II project. Automated SMS alerts are also used for the delivery of
CIS (Mohammed 2018).

Weather apps such as AccuWeather, Rainsat, and others are installed on
smartphones to provide a daily forecast. Some of these apps provide a forecast for
48 h or the entire week. Some weather apps are available to specific network sub-
scribers (Caine et al. 2015). The smartphone has also enabled user-specific weather
apps with an interface designed for several functionalities and applications for farmers
(Gotamey et al. 2018).

Mobile-based-only platforms include MTN and Vodafone telecommunication
network scribe to access CIS with SMS and IVR. Vodafone farmer clubs have
been created as part of the setup enabling the provision of information on nutrition,
weather information, and market prices for eight regions in Ghana: Eastern, Western,
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Ashanti, Central, Northern, Volta, Brong-Ahafo, and Greater Accra (Aker et al.
2018). Vodafone has partnered with ESOKO whereby subscribers to the Vodafone
network are connected to input suppliers, aggregators, extension services, and other
value chain actors (Nyarko et al. 2013; Duncombe 2016).

Social media platforms such as YouTube, WhatsApp, and Facebook play a role in
the delivery of CIS by GMet. YouTube video showcases a 2-minute video on
nationwide weather forecasts. On GMet’s Facebook page, there are flyers of
impending weather conditions for the day or the bulletins to provide an outlook
for changes in weather conditions on specific days. The role of WhatsApp is to
provide a real-time forecast on an impending storm spotted on satellite images. At
the onset of the rainy season, GMet also disseminates its seasonal forecast through
YouTube or Twitter.

The website is another channel for the delivery of CIS but mostly it is not tailored
for farming. Websites provide general CIS to the public on how to prepare for the dry
season or impending floods (Anuga et al. 2019). For instance, during the minor
season in 2019, GMet used its website to provide an overview of the weather
conditions for the seasons.

Concerning print media such as the newspaper and seasonal forecast bulletins,
information on the weather forecasts is communicated via state-owned electronic
media and published bulletins from Ghana Media Association (GMA), Ghana News
Agency, and the Daily Graphic. Some of the outlooks for the rainy season are also
published in newspapers (e.g., daily graphic), and it is usually at the onset of the
main season.

Intermediary platform is also used for the provision of CIS for farming. Interme-
diary platform consist of farmer audio library, IVR where a farmer can call a specific
toll-free line and is taken through the procedures for the desired CIS in their local
languages, and agricultural extension agents or field agents who are also equipped
with smartphones or tablets to provide a two-way information. It also consists of a
call center equipped with agents and a special telephone number (MEAS 2012,
Agyekumhene et al. 2018; Munthali et al. 2018; Slavova and Karanasios 2018).
With intermediary platforms, field agents or agricultural extension agents serve as
mediators between the ICT platforms and farmers. These intermediaries
(“infomediaries”) may reside within the farming communities, access information
on behalf of farmers, and discuss it with them. In some of the case studies,
intermediaries are lead farmers and community knowledge brokers. Examples of
intermediary platforms include ESOKO, e-agricultural platform, Smartex, and
GeoFarmer (Munthali et al. 2018; Quaye et al. 2017).

Old ICTs
Despite being conventional, old ICTs are also applied in innovative ways to suit the
needs of rural farming communities, especially where the use of old ICTs dominates
and is intertwined with the social networks and institutional logic of farmers. This
contributes significantly to enhancing the spread of information in the farming
communities (Duncombe 2016). The chapter captured the nuanced interplay of
innovation with old ICTs.
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Radio is one of the conventional digital means of communication that is still
relevant in the delivery of CIS to farmers in Ghana (Sam and Dzandu 2016;
Nyantakyi-Frimpong 2019b). The use of radio is popular in CIS delivery for several
reasons (see Table 1). Community radios, such as Simli Radio at Dalung and Radio
Ada at Big Ada, create interactive programs which feature community discussions,
interviews, live panel discussions, and call-in shows in local languages. CIS is
broadcasted on community radios at specific days in the week when farmers are
available, and special signature tunes to draw the attention of listeners (Asenso-
Okyere and Mekonnen 2012; Chapman et al. 2003; Nyamekye 2020). Programs are
designed and periodically updated throughout the year in response to the types of
CIS and agricultural information that are needed (Perkins et al. 2015). Sometimes,
farmers are consulted directly during radio programs for relevant data on local
indicators for the onset of the season, and comparisons are made with a scientific
forecast in a panel discussion to further interpret information (Sam and Dzandu
2016). At a point in the programs, listeners are permitted to call in to interact with
panelists, ask questions, and share problems and experiences. At times drama and
pre-recorded programs are aired when a panel discussion is not carried out. Com-
mercial radios also provide CIS (Chudaska 2018; Slavova and Karanasios 2018;
Nyamekye 2020).

Government- and private-based television channels are other means through
which farmers receive CIS, for example, GTV and TV3 (Adjin-Tettey 2013;
Anuga et al. 2019). A study also indicated that some farmers also obtain weather
forecasts from international television stations such as Aljazeera, CNN, and BBC
(Chudaska 2018).

Informal CIS delivery channels have been shown to be preferred by farmers due
to oral communication and personal conversation that are mostly practiced in
farming communities (Drafor and Atta-Agyepong 2005; Drafor 2016). Farmers
still prefer CIS to be delivered by agricultural extension agents, workshops, village
knowledge centers, and mobile vans and pamphlets produced by NGOs (Nyantakyi-
Frimpong 2019b). Traditional information mediums like drums, loudspeakers, pub-
lic address systems, gong-gong beaters, town criers, churches, and the loudspeakers
of mosques are still relevant (Padgham et al. 2013; Drafor 2016). Others include CIS
delivery through Ghana Information Services Department’s mobile vans (Anuga and
Gordon 2016; Slavova and Karanasios 2018). The information received by farmers
is then communicated to others in the farming community. In some communities,
CIS is displayed on notice boards, while farmer-to-farmer or farmer cooperatives are
also used to facilitate information delivery (Anuga et al. 2019).

Category of Farmers’ Use of CIS Delivered Through ICTs

CIS is delivered to farmers with different socioeconomic backgrounds: gender,
marital status, and level of education. Mostly, men are able to access CIS with a
variety of ICTs than women due to their ability to easily access mobile phones which
are the most common new ICTs in rural communities in Ghana (Partey et al. 2019).
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Women’s access to digital tools is limited to radio and mobile phones which are often
owned by their husbands. In some cases, women who had no formal education rely
on local knowledge (Chaudhury et al. 2012; Partey et al. 2019). Despite women’s
use of the radio as the main ICT channel to receive CIS, they are unable to access
regular information due to their engagement in numerous household activities. Apart
from the ownership of the ICTs, men have a higher capacity to use and operate ICTs
especially the mobile phone than women without relying on others for assistance
(McOmber et al. 2013). This is attributed to the level of education between men and
women (Nyantakyi-Frimpong 2019b). The usage of mobile phones is limited to
simple handsets with the exception of a few educated and young farmers. Young
people (20–29 years) use new ICTs such as smartphones, apps, and social media.
Hence, they are able to access CIS with all forms of ICTs. Within the category of
men, young male farmers mostly received SMS and IVR (Partey et al. 2020).

Mostly, the beneficiaries of the CIS-funded projects select a household member or
recognized owner of household land to access the information with the assumption
that they would share the information with other members of their household
(Mohammed 2018). With the application of such criteria, women do not access the
information directly (Anaglo et al. 2014; Nyantakyi-Frimpong 2019a). Most women
are unable to access CIS with ICTs because of the domination of patriarchal norms
which promotes access and control of productive resources as well as decision-
making authority by men (Nyantakyi-Frimpong 2019a). Even if women are selected
to receive CIS with digital tools, the application of the criteria “one member per
household” results in the selection of an adult woman. This implies that within
polygamous households where seniority is a norm, it is the elderly women who gain
access to CIS.

The frequency of receipt of CIS delivered through ICTs range from daily, 48 h,
5 days, weekly, and monthly forecast. However, there are instances when lots of
pending or unopened messages are seen on farmers’ phones, and they wait until their
literate relatives are around (Mohammed 2018). The reason for this is attributed to
low levels of literacy or inability to manipulate the phone (Alemna and Sam 2006).
The reliance on relatives who own ICTs to access CIS remains a challenge since their
absence could mean the inability to receive information.

Farmers have different types of information needs during each stage of the
farming season, and ICTs are used to meet these needs. Seasonal forecasts are CIS
provided to farmers at the onset of the farming season with interactive platforms,
such as radio and call center. They come with advice on how much rain to expect, the
length of the season, and the onset dates (Gbetibouo et al. 2017; Nyantakyi-
Frimpong 2019a). Additionally, SMS, IVR, bulletins, social media, websites, and
print media are also used to provide seasonal forecasts to support farmers’ decision-
making on the selection of a variety of (specific) crops.

During the farming seasons, the provisions of local content- and location-specific
forecast with the IVR and SMS are mostly used. Also, the weather influences crop
pest and disease conditions during the farming seasons; therefore, intermediary
platforms such as call centers are used by farmers to generate information on the
application of agrochemicals (Munthali et al. 2018). Some CIS have a short-term
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lifespan in terms of relevance to decision-making and therefore must be delivered
within an appropriate timescale to farmers (daily up to 7 days) with different forms
of ICTs (Zougmoré et al. 2018). In this regard, the intensity of the rains and the
number of rainy days require the provision of daily forecasts with SMS, IVR, and
radio to enable decision-making on when to weed and conduct other fieldwork
(Partey et al. 2020). When floods or dry spell conditions are expected to occur,
radio, SMS, social media, and intermediary platforms are used as the main channels
to deliver outlook for the day or week (Stigter et al. 2013). Besides, ICTs help to
contextualize CIS and integrate it into farmers’ own schemes of experiences
(Leeuwis 2004). Some of these CIS include information on the availability of
transport and tractor services, credit options, input and market prices, and crop
insurance during the farming season (Adiku et al. 2017; Anuga et al. 2019). For
instance, the Vodaphone farmer club SMS provides a holistic CIS such as weather
information, market prices, costs and availability of inputs (seed and fertilizer), and
pest recommendations (Usher et al. 2018; ESOKO 2020). At the end of the farming
season, SMS, IVR, and other informal channels are prominent means of delivering
CIS such as a 10-day forecast for optimum harvesting period and processing of farm
produce.

Type of Information Needed by Different Categories of Farmers

Farmers’ information needs are associated with major decision-making for the
farming season. The decision-making includes the type of crop and the variety of
seed to select, land size and the number of farmland to cultivate, when to plough,
when to sow seeds, when to transplant seedlings, when to do irrigation, when to
apply fertilizer and(or) agrochemicals, and when to start harvesting, marketing, and
processing (Sarku et al. 2020).

The scant literature on CIS indicates that gender plays a role in the information
needs of different categories of farmers. Men have more CIS informational needs to
mitigate climate risk compared to women. This is due to differences in preferences
and vulnerabilities to climate-related risks, access to farm resources, land ownership,
access to labor, access to information, and financial resources (McOmber et al.
2013). Jost et al. (2016) also indicated that limited access to finance, extension
services, and farm resources affected women CIS needs. Furthermore, access to a
mobile phone, access to irrigation, type of crop produce, and land ownership were
influential in determining whether or not someone will use CIS (Partey et al. 2020).
Table 2 shows an overview of the information needs for categories of farmers.

The first key decision for the farming season in relation to the application of CIS
is the type of crop and the related variables that need to be cultivated. In most
households, this decision is the responsibility of household heads who are mostly
men. In some contexts, the household head and spouse (or spouses if polygamous)
discuss privately and communicate with the rest of the family (Nyamekye 2020).
This implies that young men’s and women’s information need concerning CIS is
mostly dependent on the household heads (Nyantakyi-Frimpong 2019b).
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Once farmers decide on the type and variety of crop(s) to cultivate, the next
information needs is a forecast on the onset of the rainfall. This information is
required to decide on when to prepare the land. Since land is usually prepared
when soil moisture is assumed to be high, arrangement for land preparation with a
tractor or manual labor becomes the responsibility of the male in the farming
household (Chudaska 2018; Partey et al. 2020).

Sowing of seeds or transplanting of seedlings is carried by all categories of
farmers after a rainfall. With this practice, CIS is needed by all categories of farmers.
Additionally, men usually carry out the application of agrochemicals (e.g., applica-
tion of fertilizer, weedicides, pesticides, and insecticides). Considering the cost of
farm inputs and the availability of labor, CIS is needed by all categories of farmers to
decide on when to apply agrochemicals (Sarku et al. 2020). The provision of a
forecast on the amount or frequency of rainfall for the farming season is also required
by all categories of farmers since it enables them to make arrangements for labor to
augment household effort (Nyamekye 2020).

The study deduced that women’s information needs to follow the same pattern as
men yet it is tied to their relationship with men due to the unavailability of resources
at their disposal. In instances where women are in charge of a household and need to
take decisions concerning when to start farming, they often consult the men in the
household or experienced male farmers in the communities (Nyantakyi-Frimpong
2019a, b). In some cases, women more often than not expect their husbands to
provide them with information or determine the various aspect of the decisions for
the farming season even when they operate different farms due to their husband’s
control over the household (Etwire et al. 2017; Partey et al. 2020). This finding adds
evidence to support the growing call for the provision of CIS with ICTs which suit
the needs of different categories of farmers.

Table 2 Information needs of categories of farmers

Type of
forecasts Information needs

Categories of farmers

Young
men

Young
women

Elderly
men

Elderly
women

Seasonal
forecast

Type of crop and the variety of
seed to select

Land size and number of
farmland to cultivate

When to plough

Daily-weekly
forecast

Sowing of seeds or
transplanting of seedlings

When to apply fertilizer and
other agrochemicals

When to weed

When to start harvesting

Marketing and processing

Legend Applicable to specific category of farmers

Source: Authors’ construct based on literature review
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Financing and Governance Arrangement for the Delivery of CIS with
Digital Tools

CIS is a public good that can be accessible to all farmers to enable them to adapt to
changing weather and climatic conditions. Yet the application of digital tools for the
delivery of CIS has several costs associated with data collections, weather models,
Internet data, and telecommunication networks. Therefore, CIS delivery in Ghana
comes in the form of quasi-public good with some excludability as users pay for CIS
to enable the recovery of cost (Naab et al. 2019). The cost of CIS delivery with ICTs
brings to the fore discussions on farmers’ willingness to pay for CIS delivered
through ICTs (Quaye et al. 2017).

In this regard, two patterns can be identified: First, the majority of smallholder
farmers recognize that the provision of CIS is a public good with the responsibility of
the government to provide such services. Farmers who rely on free CIS delivered
through the radio or television do not have access to tailored information, or they rely
on their local knowledge in predicting the weather for farming (Nyantakyi-Frimpong
2013; Naab et al. 2019). Second, some farmers are willing to pay for CIS delivered
through ICTs but within a minimum range (Acquah and Onumah 2011; Nantui et al.
2014). These categories of farmers have some socioeconomic characteristics such as
age, sex, farm size, on-farm income, membership of a farmer-based organization,
literacy level, productivity of crops in a particular season, and perception of climate
change experience. Ownership and ability to use ICTs also influence farmers’
decision to pay for seasonal CIS. Some studies have, however, indicated that male
household heads are more willing to pay for CIS delivered through ICTs. Hence,
farmers’willingness to pay for CIS delivered through ICTs is mixed and inconsistent
(Adjabui 2018; Ibrahim et al. 2019). The financing mechanisms for the delivery of
CIS by an organization involve several options as indicated in Table 3.

Linked to the financing model is the governance model which backs the provision
of CIS with ICTs to farmers in Ghana. Although the governance model is not
codified due to the absence of a CIS policy in Ghana (Naab et al. 2019), different
governance modes are used for CIS delivery to farmers.

Donor or NGO Governance Approach
International donor agencies or organizations establish agricultural projects within
specific agroecological zones for farmers. Some projects may be specific toward the
provision of CIS, while others have different objectives (Asuru 2017). Numerous
donor agencies or NGOs are operating with this governance model, and the provi-
sion of an exhaustive list is beyond the scope of this chapter. Few notable ones
include ACDI/VOCA, TechnoServe, World Vision, FAO (Food and Agricultural
Organization), USAID, Deutsche Gesellschaft für Internationale Zusammenarbeit
(GIZ), International Fund for Agricultural Development (IFAD), CARE Interna-
tional, OXFAM, and the Department for International Development (DfID) (McNa-
mara et al. 2014). These NGOs partner mostly with market-led ICT platform
information providers such as ESOKO, MFarm, Ignitia, Farmerline, and others to
provide CIS to farmers. Examples include ADVANCE II, Smartex, African Cashew
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Initiative, and Farm Radio International’s African Farm Radio Research Initiative.
These projects mainly focused on specific areas such as the Guinea and Sudan
savanna agroecological zone of Ghana due to the presence of donor activities in
these areas (Naab et al. 2019).

Public-Private Partnership
The use of digital tools for the provision of CIS results in an interconnected network
of activities between smallholder farmers and actors providing and mediating the
process leading to the formation of public-private partnerships (PPP). The PPP
governance mode of providing CIS for farmers involves NGOs, public sectors,
mobile network telecommunication providers, market-led ICT platform information
providers, and climate/weather model or satellite providers together with farming
communities (Partey et al. 2019). With these arrangements, each actor provides
certain resources for CIS delivery. Examples of PPP in the provision of CIS with
ICTs include the CGIAR Research Programme on Climate Change, Agriculture and
Food Security (CCAFS); businesses such as ESOKO, Vodafone, and Toto agric and
aWhere; and public organizations that collaborate with GMet, the Council for
Scientific and Industrial Research (CSIR), and MoFA to provide CIS to some
farmers in the Upper West region under the Planting for Food and Jobs programs
(Etwire et al. 2017; Partey et al. 2019, 2020).

Participatory or Co-production Approaches
ICTs enable cross production of knowledge from different sectors of society
(Karpouzoglou et al. 2016; Vogel et al. 2019). In Ghana, ICTs are enabling this

Table 3 Financing of CIS with ICTs to farmers in Ghana

Category of CIS financiers Funding mechanism

Government financing Free provision by GMet and GTV through tax and
sometimes product levies

Financing by agri-input companies,
e.g., Wienco Ghana Limited

Provides embedded services by including the cost of CIS
as part of the cost of the product

Commercial output buyers Makes CIS freely available but incorporates the cost as
part of the contract farming

Farmer-based associations, e.g.,
Cocoalink

Membership fees, donor subsidies, government
subsidies, and contracts

Direct payment Direct fees paid through farmers’ call credit or airtime, e.
g., Esoko

Funded projects Donor contracts information providers to deliver CIS
freely to target groups of farmers

Contract sale Farmers’ subscription is paid by insurance companies or
agribusinesses

Business advertisement on CIS
platforms

Advertisement of agricultural products linked to the
provision of CIS

Minimum payment under public-
private partnership

Subsidized payment is made by farmers under a project
compared to those who are not part of any project

Source: Based on authors’ literature review
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process through co-production of CIS with farmers’ local knowledge and that of
scientists. In some cases, farmers collect data on their local weather indicators, or
they contribute their knowledge in several ways (Nyadzi 2020; Sarku et al., forth-
coming). For example, Participatory Integrated Climate Services for Agriculture
(PICSA) is an approach that has involved over 5000 farmers in Northern Ghana
by using both historical climate information and forecasts to support farmers’
decision-making with participatory decision-making tools that suit their contexts
(Etwire et al. 2017; Clarksona et al. 2019).

Farmer Organization Provision
Another governance approach is the provision of CIS by producer cooperatives/
associations. These organizations deliver CIS to farmers in the group. Payment for
the CIS is drawn from the coffers of the association or through donor support.
Examples of such governance models are used by Kuapa Kokoo cooperatives, the
Africa Cashew Initiative, and Cocoalink (MEAS 2012).

Business Model
Business companies use a wide variety of business models to deliver CIS, and no
single model is dominant. Six different business models were identified:

• Business-to-business-to farmer model, e.g., Esoko.
• Business-to-business-to-consumer model is used between market-led ICT plat-

form information providers (Ignitia), mobile telecommunication networks (MTN
Ghana), and farmers (Chudaska 2018). Another example is farmers on the
ADVANCE II project who are connected to MTN Ghana which runs the promo-
tion sale of simple mobile phones to enable farmers to receive CIS (Mohammed
2018).

• Direct services to farmers, e.g., Vodafone farmer club where farmers pay US$
0.20 per month as a direct debit from their call credits to receive CIS. Subscribers
also receive free airtime to call members of the group (Partey et al. 2019, 2020).

• Business to nucleus farmer and outgrower schemes is an approach that is becom-
ing common where CIS is provided as an embedded service model. In this
approach, agri-input companies, in particular, provide information about farm
inputs, and CIS is added as a package. The cost of the CIS is embedded as an
unidentified component of the sales price. An example of this governance
approach is used by the USAID-funded ADVANCE project to promote the use
of input supplies, improved seeds, and CIS (MEAS 2012; Mohammed 2018).
Wienco Ghana also provides CIS with this model in the areas of cash and food
crops for both small- and large-scale farmers in the agricultural value chain (Naab
et al. 2019).

Informal governance approach for the provision of CIS includes traditional
institutional arrangement used by farming communities. These are in the form of
rules or norms that the farming community adheres to (Slavova and Karanasios
2018).
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Discussion of Emerging Issues

First, informal channels of information delivery still hold prominence among small-
holder farmers as a means for interaction. For instance, the provision of CIS by
agricultural extension agents, workshops, participatory approaches, and the use of
social networks are still prominent (Nyantakyi-Frimpong 2019a). Furthermore,
information sources in farming communities are often embodied in knowledgeable
people and shared through interactions occurring at the market, religious meetings,
bus stops, community centers, and other places of meetings. Most often, the CIS is
received by one person in the community, and it is shared with other members of the
farming community (Kirbyshire and Wilkinson 2018). This has implications on
credibility, trust, and sustainability of financial models of actors who provide CIS
through ICTs. Due to the need for interactions among smallholder farmers, prefer-
ences for ICTs for the delivery of CIS still hinge on interactive technologies which
provide an opportunity for farmers to ask questions and share their experiences. This
suggests the need to support innovations on the use of interactive ICTs for the
delivery of CIS.

Despite the limited use of new ICTs among farmers, mobile phones, in particular,
have helped farmers to communicate CIS to other farmers, thereby enhancing
interactions and reinforcing interpersonal relationships and norms of openness
among farmers. First, mobile phones strengthened bonds in the rural community
by enabling information exchanges between family, farmers, and intermediaries.
Second, mobile phones complement informal ways of communicating among
farmers. Therefore, norms of openness, inclusiveness, and information-sharing are
strengthened rather than challenged. The findings suggest that the informal and
formal channels of CIS delivery support smallholder farming institutional logic
than ICTs destroying informal institutions.

Additionally, intermediaries who provide CIS with ICTs are able to exploit
complementarities among digital tools and informal channels of communication.
They are able to fuse characteristics and logics of informal communication channels
with ICTs such as call center, IVR, and radios which relate to established patterns of
interaction among smallholder farmers. The use of mobile phones, SMS alert, or
peep call during radio programs is also an example. The combination of informal and
ICTs helps to increase farmers’ access to CIS.

Despite the evolution of sophisticated ICTs, the provision of CIS with ICTs is
limited to simple ones like mobile phones, radio, and television. Thus, farmers rarely
use social media, weather apps, and websites to receive useful CIS. Some farmers are
unable to operate the phone without the assistance of relatives. This leaves the
potentials of ICTs untapped for the delivery of CIS, or it results in the use of platform
intermediaries. These challenges are attributed to increased sophistication of ICTs
without being tailored for local farmers with literate and visual challenges and
limited training on the use of ICTs (Alemna and Sam 2006; Sarku et al. forthcom-
ing). The unavailability of local content ICTs also affects its usage as technologies
are originally coded in English. In addition, many languages in Ghana use characters
that are not found on the keyboards of most ICTs. Furthermore, the provision of CIS
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for the target group requires specific local content which affects the scalability of CIS
to other agroecological locations in Ghana. There are issues regarding the afford-
ability of ICTs such as smartphones, expensive call charges, and data (Partey et al.
2020; Etwire et al. 2017). All these challenges have implications on information
asymmetry as some farmers can use ICT and access tailored CIS, while others still
rely on their local knowledge for forecasting.

Findings in this chapter show that the delivery of CIS with ICT platforms are
mostly piloted or funded by donors. At the end of the project, farmers are expected to
subscribe to continue to receive information at a fee. However, their willingness to
pay for the information raises questions about the continuity of CIS delivery. Many
of the projects are designed with a top-down approach, without collaborations from
farmers at the implementation stage. This raises questions on upscaling from pilot
projects to larger farming communities. A limitation of relying on donors to fund the
delivery of CIS with ICTs is that specific agroecological zones are targeted for a
short period (McNamara et al. 2014). This affects the number of farmers who are
reached within the specified period. Since climate change and variability impacts are
experienced differently in specific agroecological zones in Ghana, it will be impor-
tant to have nationwide CIS tailored for all farmers.

Conclusion

This chapter examined the delivery of CIS with digital tools to smallholder farmers
by reviewing existing literature on the sector. Overall, our rapid scoping assessment
found very positive results on the use of various digital tools for the collection,
processing, and delivery of CIS to farmers. The delivery of CIS with ICTs was used
mostly by men and during the farming season; a variety of ICTs are used to deliver
CIS due to the level of demand for information. Old technologies, like radio, remain
the most relevant and cost-efficient ICT platforms for the delivery of CIS. Some
ICTs remain underused by farmers calling for the role of ICT platform intermediaries
like agricultural extension agents and field agents. The delivery of CIS with ICTs
results in changes in institutional logics in farming communities in the form of new
interactions, information exchange, and other forms of innovation intermediation.
Overall, informal information delivery channels coexist with ICT modes and are
sometimes blended in various ways to provide CIS. The analysis in this chapter
provides a coherent overview on the application of digital tools for the delivery of
CIS for smallholder farming in Ghana. The emerging issues identified in the
literature have contributed to the identification of areas for future research. These
include (1) exploration of appropriate financial models for the sustainability and
scalability of CIS delivery with ICTs; (2) application of ICTs for the delivery of CIS
for other value chain actors such as processors, transporters, and aggregators; (3)
increase research on how ICTs are used for data collection and production at the
community level; and (4) assessment of the quality of CIS provided to smallholders.
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