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The provision of weather information services (WIS) has become increasingly relevant for smallholder farmers in
developing countries to manage the risks and opportunities arising from climate change and variability. How
ever, gaps exist between what information providers understand as useful information and what users recognise
as usable WIS, leading to under-utilisation of WIS in the farming sector and other domains. Drawing mainly onqualitative research methods, our study examined farmers’ perceptions about the usability of existing WIS for
farming, focusing on the Ada East District in the Greater Accra Region in Ghana. We developed five information
design and delivery criteria: local embeddedness, legitimacy, spatial and temporal resolution, predictive skill,
and accessibility. The findings show that smallholder farmers access ten different WIS in the study district.
However, the extent to which each WIS was used varied, given that the farmer-to-farmer and the private weather
forecasters’ information were more used than the other available services. The usability of the existing WIS
provided for farming was either enhanced or obstructed by various factors, including the origin of the infor
mation, information providers’ level of interaction with farmers, continuity in the delivery of information,
respect for local values, accessible level, and mode of payment, among others. Some of the information design
and delivery criteria and factors affecting WIS usability had trade-offs or complementarities, which is inevitable.
In conclusion, we propose that the information providers find a balance between these factors to meet farmers’
information needs in a particular context.

Practical Implications
The production and delivery of weather information services and
smallholder farmers’ access to information have drastically
improved as a substantial body of knowledge has been developed
over the past years in Ghana and elsewhere in sub-Saharan Africa.
There is a continual report on smallholder farmers’ limited uptake
of weather and climate information for decision-making. As
research findings on the devastating impacts of climate change
and variability on smallholder farming in Ghana continue to in
crease, this research draws on the difference between useful and
usable information. We indicate that useful information is infor
mation relevant for decision-making. Yet, users may choose to
ignore it because they may not know or have unrealistic expec
tations about how it fits their decision-making. Usable

information is the knowledge that is readily applicable by users in
the formulation of strategies under uncertain conditions like
climate change and variability. This paper examines farmers’
perceptions about the usability of existing weather information
services for farming, focusing on the Ada East District near Accra
in the Greater Accra Region in Ghana. The paper developed and
applied the following usability criteria for information design and
delivery: local embeddedness, legitimacy, temporal and spatial
resolution, predictive skill, and accessibility.
First, farmers perceive weather information services to be locally
embedded when information originates from the farming com
munity. Also, a locally embedded weather information service
provides relevant content such as agro-meteorological indicators,
agronomic advice, market prices, and other bundled agricultural
services. The second information design and delivery criterion is
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global climate change as highlighted by the Intergovernmental Panel on
Climate Change (IPCC) report: Global warming at 1.5 degrees (IPCC,
2018) and the need for concerted and aggressive measures to ensure
weather information services (WIS) work at all levels of society
(Vaughan and Dessai, 2014; Hansen et al., 2019).
WIS involves the generation, provision, and contextualisation of in
formation and knowledge about the condition of the atmosphere at a
given place for up to about 14 days for decision-making at all levels of
society, thus making it a subtype of climate information service
(Vaughan and Dessai, 2014; Bazile et al., 2017). Climate information
service is a means through which vulnerability to climate change and
climate variability might be reduced and improve the resilience of
livelihoods (Meinke et al., 2006; Hansen et al., 2019). Although most
studies indicate that the use of, and interest in, weather/climate infor
mation services have increased over the last decade, every empirical
research continues to show that information is not used to its full po
tential (Etwire et al., 2017; Nyadzi et al., 2018; Vogel et al., 2019;
Hansen et al., 2019; Nyamekye et al., 2019; Nyantakyi-Frimpong,
2019). Overall, the empirical literature on weather and climate infor
mation services has revealed usability gaps influenced by many factors.
Consequently, the World Meteorological Organization launched the
Global Framework for Climate Services in 2012 to provide and facilitate
access to weather and climate information services. Hence, the forecast
information meets users’ varied requirements through observations and
monitoring, research, modelling, prediction, capacity building, and the
creation of user interface platforms. The information usability gap, a
function of both how weather/climate information services are pro
duced (the push-side) and how they are needed and applied by users (the
pull-side) in different decision-making contexts, is also narrowed (Dil
ling and Lemos, 2011). These, indeed, have resulted in an explosion in
research on the use of WIS across regions in different sectors, including
farming (Dinku et al., 2014; Amegnaglo et al., 2017; Roudier et al.,
2014).
In Ghana, climate change through global warming causes consequent
variability in weather conditions in the form of increasing dry spell
length and frequency, early or late rainfall onsets, and reduction in
rainfall amount. The effects of climate change have a negative toll on
agricultural production, the mainstay of most of the population (Owusu
and Waylen, 2009; Kranjac-Berisavljevic et al., 2014; Dapilah and
Nielsen, 2019). Since food crop production is primarily rainfed, the
sector is vulnerable to the adverse effects of climate change (Asante and
Amuakwa-Mensah, 2015). In this context, weather/climate information
services support farmers’ adaptive decision-making under uncertain
conditions (Asante and Amuakwa-Mensah, 2015; Amegnaglo et al.,
2017; Nyamekye et al., 2018; Aniah et al., 2019; Sarku et al., 2020).
In Ghana, the weather/climate information service was provided
only by the Ghana Meteorological Agency, the sole public organisation
responsible for producing and disseminating forecast information. In
recent times, business organisation (e.g. Esoko and Farmerline) and
international NGOs (e.g., CARE International) are also providing fore
cast information (Gbetibouo et al., 2017; Nyadzi et al., 2018; Naab et al.,
2019; Nyamekye et al., 2019; Antwi-Agyei et al., 2021b). The provision
of forecast information for farming includes seasonal onset, weekly and
daily rainfall, and temperature conditions (Kabobah et al., 2018; Nyadzi
et al., 2019). The information is delivered mainly through radios, mobile
text messages, workshops, TV, mobile phone, information centre,
newspaper, community leaders, and social media (Etwire et al., 2017;
Nyadzi et al., 2018). Yet, in most farming communities, the radio is the
key medium for receiving weather/climate information because it is
relatively cheaper and used without electricity supply (Slavova and
Karanasios, 2018; Antwi-Agyei et al., 2021a). Smallholder farmers also
often depend on their local knowledge by using various indicators like
the appearance of a flowering plant to determine the pattern of rainfall
(Nyamekye et al., 2019; Gbangou et al., 2021).
Farmers apply the information for land preparations, crop variety
selection, changing cropping patterns, applying fertilizer, planning

legitimacy. We identified that farmers consider a weather infor
mation service to be legitimate when their views are incorporated
into the production of the information. It also involves respecting
farmers’ local values, such as considerations on farming practices
in the district and continuity in information delivery. Another way
to enhance the usability of weather information services for
farming is by designing the spatial and temporal resolution of
information to suit farmers’ needs. This objective is achieved by
providing forecast information with lead times between 1 week
and 1 month, location-specific forecasts, and detailed presentation
of information. In weather information service, predictive skills
should consider the communication of uncertainty and its con
formity to farmers’ traditional ways of understanding probability.
A weather information service with predictive skills is also reliable
and accurate, including evidence-based information with practical
demonstrations on applying the knowledge in situations where a
forecast indicates expected dry spell conditions. Finally, the
accessibility criterion means that information providers ought to
make the weather information service more accessible for diverse
audiences; for example, women, illiterate people, persons with
disabilities etc. Also, there should be no language barriers; the
format and content of information should be simply presented
along with meaningful graphics, symbols, and terminologies. In
formation providers can also meet accessibility criteria through
multiple media, two-way information exchange, and an accessible
level and mode of payment.
The analytical criteria developed and applied in this research
aided in identifying factors that shaped the usability of existing
weather information services based on farmers’ perspectives on
how information providers are closing the usability gap. It also
helped to show the trade-offs between specific criteria, such as
predictive skill and spatial resolution. The research also observed
an exchange in certain factors mentioned by farmers. For instance,
farmers required that information providers be located within the
communities to build trust towards specific information. At the
same time, they requested that information should be able to
reach a wider audience. Here, information providers cannot be
embedded in each community, leading to unaffordable weather
information service costs. Hence, a certain measure of embedd
edness is needed, but it may not meet all farmers’ exact needs for
efficiency reasons. The approach adopted is also novel, as the
research illustrated the type of weather information service that
met a specific factor and information design and delivery criteria.
The study may serve as the basis to improve the usability of
existing weather information services for farming and other do
mains in Ghana and other sub-Saharan African countries.
Given that the policy on climate information services in Ghana is
being formulated, it would be ideal for information providers to
include some of the pertinent findings derived from this research.
Further, the research findings suggest the need for information
providers to use new ICTs in innovative ways to bridge the us
ability gap. Information providers may include applying ICT tools
such as Facebook, WhatsApp audio recordings, call centre facil
ities, and interactive voice responses to facilitate interactions and
the sharing of experience. Finally, the new government policy
should institutionalise formal collaboration between information
providers and different knowledge systems and encourage the use
of ICTs to ensure that different categories of farmers have access to
weather information to support the development of food systems
in Ghana.

Introduction
The impact of climate change and climate variability on agricultural
livelihoods in resource-dependent societies has led to numerous national
and international initiatives that aim to improve decision-making
through the application of weather/climate information services
(Vaughan and Dessai, 2014). This reflects the urgency of adapting to
2
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planting time, and managing crop risks (Nyamekye et al., 2018; Nyadzi
et al., 2019; Partey et al., 2020). Even so, the uptake of forecast infor
mation for decision-making in farming is affected by multiple socioeconomic and cultural barriers. These include inadequate information
on seasonal forecast, high levels of illiteracy, the lack of communication
of information in the local language, and non-integration of farmers’
local knowledge into the production of forecast information (NyantakyiFrimpong and Bezner Kerr, 2017; Nyadzi et al., 2018; NyantakyiFrimpong, 2019; Antwi-Agyei et al., 2021a; Antwi-Agyei et al.,
2021b). Studies indicate that gender, religion, class, and positions
within households, and other cultural values also affect the uptake of
information (Nyamekye et al., 2019; Owusu et al., 2021). As a result of
the variety of socio-economic and cultural factors which affect the up
take of forecast information, there is the need to focus on contextspecific issues rather than wholesale generalizations of challenges
(Antwi-Agyei et al., 2021b).
Hence, in Ghana, dissemination and farmers’ access to WIS has
drastically improved. And the substantial body of knowledge on climate
information science is developing in Ghana and elsewhere in sub-Sahara
Africa (McNamara et al., 2014; Etwire et al., 2017; Nyadzi et al., 2018;
Clarkson et al., 2019; Naab et al., 2019; Nyamekye et al., 2019, 2020;
Owusu et al., 2021; Sarku et al., 2021; Antwi-Agyei et al., 2021a; AntwiAgyei et al., 2021b). However, there is little evidence that WIS is applied
in decision-making processes, including adaptive for smallholder
farmers (Sarku et al., 2020). Meanwhile, variability in climatic condi
tions affect farmers’ decision-making strategies, leading to low crop
yield and increasing financial burdens on farmers in Ghana (Manzanas
et al., 2014; Baidu et al., 2017; Atiah et al., 2019; Dapilah and Nielsen,
2019).
We argue that the use of WIS for informed decision-making in
farming requires an understanding of the usefulness and usability of WIS
in terms of farmers’ definitions and perceptions (Dilling and Lemos,
2011). This knowledge gap is not well understood in the literature in
Ghana and elsewhere in developing countries. Thus, providing WIS that
is readily usable for decision-making in farming requires navigation and
bridging any differences that might exist between what scientists/in
formation providers perceive as useful and what is usable in practice.
Therefore, this study examines the weather information services us
ability for farming decision-making with evidence from Ghana’s Ada
East District.
We organised the study into six sections. The study’s conceptual
framework is presented in the next section, followed by a section on
research methods. Subsequently, the study findings are presented in
section 4, followed by the discussion and conclusion in sections 5 and 6.

2016). On this note, it can be said that useful information relates to
information providers’ outlook. In contrast, usable information pertains
to users’ viewpoint about how applicable the information is for decisionmaking in their context, considering factors such as availability of re
sources (e.g., seeds) (Meinke and Stone, 2005; Spear et al., 2019). It is
precisely these different perceptions and understandings of useful and
usable information between information providers and users that create
the usability gap reflected in the low uptake of WIS (Lemos et al., 2012).
Dilling and Lemos (2011) distinguished the usability gap in climate
information by indicating two broad areas: context and information
production. For farming, context relates more to the farmer and issues
arising from the farming community; for example, conservatism towards
applying new information. Although this aspect of the usability gap is
relevant, our study focuses on the information design and delivery
aspect, which pertains to how information providers produce and
deliver information to enable its usability. We build on Dilling and
Lemos’ (2011) framework to develop analytical criteria for our study by
attuning some of their factors with ours. We expand on their framework,
which focuses mainly on the formal scientific production of climate
information services on a global scale. We do so by building five infor
mation design and delivery analytical criteria by adapting aspects of
their framework and other new criteria derived from the literature to
assess information design and delivery for farming.
Usability criteria for information design and delivery
Information provision is characterised by information design and
delivery criteria that should meet users’ requirements. The five analyt
ical criteria for information design and delivery are elaborated as
follows.
• Local embeddedness
Local embeddedness refers to how information design and delivery
connect with local farming conditions and context in a specific com
munity. This criterion can relate to a situation where WIS is provided,
including the knowledge of farmers, so that their unique characteristics,
rules, farmers’ exposure to different sources of information, and infor
mation seeking and sharing behaviour are captured in the information
design (Meinke et al., 2006; Feleke, 2015; Nidumolu et al., 2018).
Additionally, an information design with local embeddedness may
include other relevant information design features such as agro
meteorological indicators, agronomic tips, and so forth (Meinke et al.,
2006). The information should also be linked to farmers’ personal
characteristics and social networks (Lemos and Morehouse, 2005;
Brown et al., 2015).

Conceptual framework
Usable weather information for farming

• Legitimacy

Usable information is defined in various ways to understand the
relationship between information providers and users (see Lemos and
Dilling, 2007; Dilling and Lemos, 2011; Lemos et al., 2012). We build on
earlier definitions by attuning them to the farming context, where usable
information is information that farmers are able to use as input for
farming decisions.
Although the terms useful and usable are often used interchangeably
in the literature, they do not mean the same thing (Lemos and Dilling,
2007). Useful information is potentially relevant for decision-making,
yet, because users may not know or may have unrealistic expectations
about how it fits their decision-making, they may choose to ignore it. On
the other hand, usable information is the knowledge that is readily
applicable by users in the formulation of strategies under uncertain
conditions like climate change and variability (Lemos et al., 2012).
Hence, although all forms of user-inspired knowledge are in principle
useful, they are not always usable unless users and producers take spe
cific steps to ensure that useful information is applied (Buizer et al.,

Legitimacy denotes that information design and delivery conform to
farmers’ interests, values, concerns, and perspectives, resulting in
acceptability. Farmers may judge the legitimacy of the WIS based on
who participated or not in its design and delivery (Cash et al., 2003).
Here, the information design and delivery may consider several options,
such as respect for farmers’ value and how the WIS connects to the
contextual needs of farmers (Cash and Buizer, 2005; Roncoli et al.,
2009a). Information providers may also attain legitimacy by maintain
ing mutual trust and respect (McNie, 2007). It also implies the alignment
of the information to farmers’ local knowledge and values (Roudier
et al., 2014). Furthermore, the legitimacy of information can be affected
if a forecast fails, is irregularly delivered, or is associated with long
delivery chains and political biases (Hansen et al., 2019).
• Temporal and spatial resolution
The temporal aspect of information design and delivery indicates
3
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when to expect specific weather conditions for farming, whereas the
spatial resolution denotes the surface area for which information pro
viders produce the forecast. The temporal criterion of information
design and delivery may consider when the information delivery will be
relevant to determine when to plough, sow seeds, or select crop varieties
(Ingram et al., 2002; Nyadzi et al., 2019; Gbangou et al., 2019). Also, the
presentation of timing as early onset, usual onset, and late onset in a
seasonal forecast may be a relevant information design characteristic
(Ochola and Kerkides, 2003; Sultan and Janicot, 2003).
Information providers can tailor the information into high spatial
resolution by integrating farmers’ local forecasts and analysing the im
plications of the projection with farmers (Patt and Gwata, 2002; Nyadzi
et al., 2019). When the information design includes the delivery of high
spatial resolution, some trade-off needs to be made between skill and
scale criteria (Tall et al., 2018; Hansen et al., 2019).

innovative ways such that they capture information in audio, video,
graphics, and image mode. The information delivery channel should
also be appropriate regarding farmers’ age, literacy level, gender, and so
on (Mittal, 2016; Nyantakyi-Frimpong, 2019). Thirdly, the delivery
mode should enable the content to be simple, relevant, understandable,
and able to overcome biases (Orlove et al., 2004; Stone and Meinke,
2006). Further, farmers’ language and how their local institutions and
cultures interpret some weather conditions may be considered (Balaji
and Craufurd, 2011; Nyadzi et al., 2018).
The analytical criteria presented will aid in identifying the empirical
factors that affect the usability of WIS from farmers’ perspectives on how
information providers are closing the usability gap. Against this con
ceptual background, our study seeks to answer the following specific
research questions:
i. What WIS are available in the Ada East District and to what extent
are they used by farmers?
ii. What factors contribute to the usability criteria of local
embeddedness, legitimacy, spatial and temporal scale, predictive
skill, and accessibility of WIS in the Ada East District?
iii. How usable are the different types of WIS in the Ada East District
according to the factors and criteria?

• Predictive skill
Predictive skill measures the probability that a predicted weather
event will correspond to the observed event. Also, the reliability of in
formation can be enhanced when farmers’ local predictions are incor
porated into the information design (Ingram et al., 2002; Roncoli et al.,
2002; Nyadzi et al., 2019). Most of all, information design can be carried
out in such a way that it conveys the uncertainty inherent in the forecast,
and farmers need to be trained to understand and accept uncertainties as
a feature of the weather forecast in order not to raise their expectations
(Murphy, 1993; Meinke et al., 2006; Lemos and Rood, 2010).

Research methodology
Study context
We conducted the study in the Ada East District (Fig. 1) in the coastal
savanna agroecological zone, where agriculture is the main economic
activity. Agricultural activity in the district consists mainly of culti
vating of vegetables, cassava, maize, watermelon, and other crops
(Sarku et al., 2020). Despite the relevance of farming for livelihood
development and food supply to urban markets, the area experiences
long dry spells, frequent dry spells, and low mean rainfall during the
rainy seasons (Gbangou et al., 2019; Gbangou et al., 2020). The coastal
savanna agroecological zone also experiences interannual variability in

• Accessibility
Accessibility is the absence of barriers and the ease of information
flow to reach farmers through user-friendly interfaces and suitable
communication strategies. The information design may prioritise its
delivery through multiple channels, thereby catering for two-way in
formation delivery to enhance feedback (Naab et al., 2019; Slavova and
Karanasios, 2018). Second, the delivery may consider using interfaces in

Fig. 1. Map of the study area in Ghana. Source: Authors’ construct, 2020.
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extent of use, explanations for a specific WIS’s choice over others, and
other emerging issues were discussed.
The outcome of the semi-structured interviews informed the design
of FGDs, to derive an in-depth understanding of farmers’ views con
cerning the types of WIS and the emerging factors which affected the
usability of WIS for farming in the study district. Through the FGDs, we
uncovered personal and communal attitudes, beliefs, and preferences of
discussants concerning the types of WIS and their usability for farming.
We designed the FGDs to elicit the interwoven factors that enhanced or
obstructed WIS usability in the communities, when a participant indi
cated that an information provider delivered regular information, the
group discussed and agreed on the definition. For example, guided by
the lead author, discussants agreed that ‘regular’ could mean the daily or
weekly provision of WIS.
Overall, three FGDs were conducted in three communities: Toje,
Anyarkpor, and Wassakuse. The three communities were representative
of the three agricultural zones in the district, namely, the Kasseh, Big
Ada, and the Ada Foah Zones. Through this cluster, we analyzed and
derived general issues that affected the usability of WIS for farming in
the district.
The FGDs comprised eight to ten male and female farmers who were
not part of the semi-structured interviews. At Toje, the discussants
consisted of two older women, two younger women, three young men,
and three older men. At Anyarkpor, there were nine participants in the
FGD, comprising of three older women; one young woman; two young
men; and three older men. At the same time, the FGD conducted in
Wassakuse consisted of eight participants (one young woman, one older
woman, four young men, and two older men), for a total of 27 partici
pants. There were no exclusive groupings of participants because, in the
study district, women are allowed to freely express their views on issues
in the presence of their male counterparts. Also, we sort to generate
answers to the research in a context where participants could respond to
multiple opinions. Thus, when a participant responded to a question,
other discussants corrected or realigned some views together. Since we
conducted the FGD purposively with different generational groups
mixed together, we catered for the possible emergence of power and
gender inequalities by calling each participant to express their opinion
on a specific question. This approach helped to moderate the discussion
and ensured that overactive participants did not dominate the entire
discussion. We also called participants to vote on certain opinions,
especially about the factors that enhance or obstruct the usability of
weather information services and the ranking of the different informa
tion providers, including the district.

terms of seasonal rainfall (Baidu et al., 2017; Atiah et al., 2019). In the
area, the complex series of coastal/oceanic and atmospheric interactions
including the role of the inter-tropical convergence zone (ITCZ)
contribute to uncertainty in weather conditions (Owusu and Waylen,
2009; Stanturf et al., 2011; Manzanas et al., 2014). These incidences
have several implications, such as loss of planting materials, crop fail
ure, and low yield.
The Ada East District is selected for the study among other districts in
the coastal savanna agroecological zones because the district is one of
vegetable producing areas, including the Anloga-Keta area (Namara
et al., 2010). Although the district shares the same climatic conditions
with other districts, the availability of water to support the growth of
crops is a challenge, compared to other districts such as the Anloga
District and the Keta Municipality, which has groundwater available for
farming throughout the year (Awadzi et al., 2008; Namara et al., 2010;
Yidana and Chegbeleh 2013; Lamptey et al., 2013; Addo et al., 2018).
Farmers in the Ada East District mainly rely on rainfall to cultivate crops.
In the district, the application of forecast information to support
decision-making in farming is crucial. Despite growing research on the
climate information sector in Ghana, most studies have focused on the
Guinea, Sudan and the Sahal savanna agroecological regions (see, for
instance, Etwire et al., 2017; Clarkson et al., 2019; Naab et al., 2019;
Kabobah et al., 2018; Nyadzi et al., 2018, 2019; Nyadzi, 2020; Nya
mekye et al., 2019, 2020; Partey et al., 2020; Nyantakyi-Frimpong,
2019; Owusu et al., 2021; Antwi-Agyei et al., 2021b). Hence, little
knowledge exists on the provision of forecast information for farming in
the coastal savanna agroecological area. We argue that for the country to
be food secure, there is the need to focus on regions especially, the Ada
area, where water availability is a challenge despite its prominent role in
the supply of food to rural and urban areas in Ghana.
Study design: Qualitative case study approach
A qualitative research approach was applied in this study to establish
rapport with research participants and use the findings to inform policy
(Creswell, 2014). Hence, in this study, we combined semi-structured
interviews and focus group discussion (FGDs) methods to crossvalidate research findings and derived detailed information concern
ing the study’s objective. The qualitative research was conducted from
June 2017–March 2018 in two phases, with results from phase one
informing the organisation of the subsequent phase. The period stated
above includes the performance of activities such as community entry,
reconnaissance survey, informal conversations with farmers and stake
holders, and the actual data collection. The application of semistructured interviews and FGDs as two phases of the research is
described below.

Data analyses
Data analysis was carried out in three stages. The first stage involved
the transcription of audio recordings of the semi-structured interviews
and FGDs. We edited the transcripts by identifying the responses
generated to specific questions, realigned sentence structures, and
clarified the construction of some sentences (Wolfinger, 2002; Dey,
2003; Van Maanen, 2011). During this time, in addition to the field
notes, we took notes on emerging issues. The next aspect of this stage
involved grouping the transcript contents into specific identifiable
themes (Nyamekye et al., 2019). Second, we conducted inductive coding
to identify the factors that affect WIS usability based on recurring words
running through the transcripts (Krippendorff, 2004; Creswell, 2014).
The initial coding started with commonly running words such as: “they,”
“our information,” “sometimes,” “we get it from,” “the time,” “normally
listen to …,” and so on. We ascribed secondary themes (factors) to
recurring words and linked sub-codes to them. Third, we connected the
secondary themes (factors) to the information design and delivery
criteria according to their definitions.

Data collection
In the Ada East District, three farmers from each of the following
communities were engaged in semi-structured interviews: Kasseh,
Asigbekope, Bedeku, Ada Foah, Toje, Ocanseykope, Anyarkpor, Angor
sekope, Dogo, Totimekope, Kajanya, Atortorkope and Tovie. At Detse
kope, we interviewed one farmer, and at Kpodokope, we interviewed
two farmers. This amounted to a total number of 42 semi-structured
interviews in the Ada East District.
With the assistance of agricultural extension agents (AEAs) and some
community leaders, farmers were selected based on their availability,
gender, use of WIS for farming, age, experience in farming, social status,
and farming practices. We conducted interviews with either one male
and two female household heads or two male and one female household
head in each community. Participants in the interviews and the FGDs
consented to partake in the study, and we assured them that their
identity would be concealed in presenting research findings. The lead
author conducted interviews in person, and respondents agreed that the
researcher recorded the discussions. In the interviews, questions were
posed on the types of WIS used, the extent of use, the ranking of the

Findings
We present the findings of the empirical data as follows. In section
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4.4.1, we present findings on the types of WIS identified in the Ada East
District and, in section 4.4.2, the extent of their use for farming. In
section 4.4.3, we compare the factors that affect WIS usability with the
analytical criteria.

Table 1
Types of weather information services in the Ada East District.

Types of WIS provided to farmers in the Ada East district
We identified ten different WIS used by farmers in the Ada East
District. These were public TV, public radio, GMet online, E-agriculture
platform, a private weather forecaster, Radio Ada, farmer-to-farmer,
agripreneurs, and online WIS (see Table 1). Of the different WIS iden
tified, innovative ICTs like on-line, mobile phones, internet platforms,
and community radio stations were valuable tools used to deliver in
formation. The provision of the identified WIS involved actors from
government agencies, businesses, and civil society organisations (CSOs),
and sometimes they collaborated to produce ICT tools or agricultural
content to target specific farmers (Sarku et al., 2021).

Types of WIS

Description of weather
information services

Extent of
WIS use
by
farmers

Description of the
extent of use by
farmers

Farmer-to-farmer
WIS

It comprises farmers’
personal experience
and observations of
local environmental
indicators about the
weather.
It is a WIS produced
and delivered by a
retired weather
forecaster to farmers in
the district.
It is a community
radio’s WIS and
broadcasted in the
Dangbe language for
the Ada East District
and its environs.
It refers to a 24–48 h
weather forecast
broadcast by the
Ghana Television
Station (GTV) for the
general public.
This information is
provided through
combinations of
knowledge from
various sources,
including farmers’
local knowledge,
weather Apps, and
GMet.
The public radio WIS is
delivered through
public radio channels
such as Obonu FM and
Volta Star Radio.
It refers to a daily
weather forecast
delivered by business
organisations such as
Esoko, Ignitia,
Farmerline, and
mFarms on various ICT
platforms.
This is a daily weather
forecast provided on
smartphones as
weather apps by
organisations like
AccuWeather.
This 24-hour weather
forecast is displayed on
GMet’s website
(https://www.meteo.
gov.gh/) and
connected to its social
media platforms.
This daily weather
forecast is displayed on
the E-agricultural
website (http://www.
e-agriculture.gov.gh/)
established by the
Ministry of Food and
Agriculture.

100% (n
= 42)

Used by all farmers
but has some barriers

60% (n =
25)

Mostly used by
farmers but lacks
direct delivery to all
farmers

52% (n =
22)

Information source is
well known among
all farmers in the
district, but it is
provided irregularly

43% (n =
18)

Known to many
famers but has many
constraints

31% (n =
13)

Information source
known to all farmers
but rarely reaches a
larger farmer
audience directly

19% (n =
8)

Rarely used due to
irregular delivery

12% (n =
5)

Some use, with a
number of barriers

12% (n =
5)

Used mainly by
young farmers who
have access to
smartphones

7% (n =
3)

Limited use because
it is delivered
through a website

2% (n =
1)

Little knowledge in
the farming
communities about
its existence

Private weather
forecaster’s WIS

Radio Ada WIS

The extent of use of the different WIS by farmers in the Ada East district
Public TV

Having identified the types of WIS used by farmers, we probed
further to determine the extent to which farmers used them. The general
response indicated that farmers combined various WIS. On average,
farmers used two types of WIS, and some responses even indicated that
sometimes they used three to five types of WIS. We show the extent of
use in Table 1.
The farmer-to-farmer WIS was the most used (100%) information
because of the local creation of the information by farmers based on
their experience, observations, and rainfall charts. They used this type of
WIS before they decided on any other type of WIS. The private weather
forecaster’s WIS came second (60%). Other types of WIS were also
popular in the farming community but were ‘moderately used’ by
farmers for various reasons. These were Radio Ada WIS (52%), public TV
WIS (43%), and AEAs’ WIS (31%). WIS that farmers rarely used
included: public radio WIS (19%), agripreneurs’ WIS (12%), online WIS
(12%), GMet online (7%), and E-agricultural WIS (2%). Farmers who
used the identified WIS specified that the frequency of use was either
once a month or only at the onset of the farming season.

Agricultural
extension
agents’ WIS

Public radio WIS

Agripreneurs’ WIS

Assessment of the WIS in light of the factors affecting usability and
information design and delivery criteria
We found different factors that affect WIS usability, as indicated in
section 4.1. We aligned these factors to the five usability criteria: local
embeddedness, legitimacy, spatial and temporal resolution, predictive
skill, and accessibility based on farmers’ perceptions of how information
providers are closing the usability gap (Table 2). Table 2 presents the
comparison between WIS, information design and delivery criteria, and
the factors affecting information.

Online WIS

Ghana
Meteorological
Agency (GMet)
online WIS

Local embeddedness
The origin of the information is a factor that affected usable WIS, as
farmers preferred to know the source of information and how it is pro
duced. Concerning this factor, farmers were suspicious of a forecast and
distrusted it when they did not know its source (the information pro
vider). This factor indicates that WIS usability was related to the infor
mation provider rather than to the information itself. For example, a
farmer stated that: “some information providers are here with us 24/7, and
we can hold them accountable if they report any ‘wrong’ weather forecast”.
A high level of interactions was another factor identified to affect the
usability of WIS in the study district. Farmers explained that they require
frequent interactions with information providers. With AEAs’ WIS,
farmers usually held discussions with the AEAs concerning a weather
forecast and other agricultural issues on a one-to-one basis through the
home and farm visits or mobile phone calls. The private weather fore
caster’s WIS was described as highly interactive because he took the

E-agricultural WIS

Source: Authors’ construction based on field interview.
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Table 2
Farmers’ views concerning factors affecting WIS usability for farming.
Usability criteriag
Local
embeddedness

Legitimacy

Spatial and
temporal
resolution

Predictive skill

Accessibility

Factors contributing to
WIS usability
Origin of information

Description

Farmer quotes

Local presence/traceability of WIS source in the farming
community

“I will believe an information […] if I know who is providing it. If I
hear it from other farmers, they have to explain how they got the
information before I consider applying it.” (Semi-structured
interview, Anyarkpor, 2017).
“I call the private forecaster, and he explains the pattern of the
rainfall […] before we start planting. He tells us everything that
will transpire in the season.” (FGD, Korleykope, 2018).
“They [referring to information providers] said it would rain for a
short duration last year and also told us when the rains would
cease. Based on the forecast information they gave us, we did early
planting, and it worked for us [….…]” (Semi-structured
interview, Totimekope, 2017).
“The local community radio is ours, so we listen to it. They also
involve us in the programs by inviting farmers to the studio, or they
open the telephone lines for us to call in and make our
contributions.” (FGD, Anyarkpor, 2018).
“Farmers have their values and ways of doing things, and so, they
should not just provide the information to us as if we don’t have
any knowledge. We have a saying that ’a farmer is a risk taker’.
But they sometimes tell us that the first rainfall is a false start and
that we should wait for the actual season before starting. We don’t
want that water to go into waste, so we go ahead to plant. Their
information should rather be delivered with advice on how to use
the limited water to cultivate crops” (Semi-structured interview,
Totimekope, 2017).
“Some forecast information is not delivered daily, and sometimes it
is weekly or once in a while within the season before you hear of
them.” (FGD, Wassakuse, 2018).
“There are some valuable sources of weather forecast information.
Yet, the time they pass the information to us is always late to
incorporate it into decision-making.” (FGD, Korleykope, 2018).
“ They put up some symbols, and they say, ‘expect rainfall at the
coastal belt.’ The coastal belt is broad, and we don’t know whether
they refer to the Ada, Accra, or Agona area.” (FGD, Korleykope,
2018).
“The weather forecaster presents the information within some
short seconds. Just as they provide ample time for other programs
on their channels, so should it be with weather forecasting. The
time allotted tells that they are not serious about it.” (FGD,
Korleykope, 2018).
“They give out the information […] that it will rain and sometimes
it doesn’t rain here. For instance, today, we experienced sunshine,
but they said we should expect rainfall. And so, it is not all the
information that they give that comes to pass.” (FGD, Anyarkpor,
2018).
“ There are times that our observation may not be accurate, and the
same applies to the other sources of information.” (FGD,
Wassakuse, 2018).
“The extension officers conducted workshops and taught to collect
rainwater and other soil conservation methods when they heard
there would be little rainfall for that season.” (Semi-structured
interview, Kajanya, 2017).
“Some of us do not own a radio, mobile phone, or TV. In my case,
my brothers have those technologies. Whenever I have some time to
spare, I listen to the information from my brother’s radio. So, it’s
not frequent.” (Semi-structured interview, Tovie, 2017).
“[…] when they use the English language, we do not understand,
but when it is through the Radio Ada, we know, and it also comes
with indicators on what we should do with the information.”(FGD,
Wassakuse, 2018).
“[…] When the forecast is long, we are not able to remember
everything. We remember that they say there will be rainfall or no
rainfall.” (FGD, Anyarkpor, 2018).
“There are times when the information is presented requires that
somebody interprets the information to colleague farmers.
Sometimes those of us who understand will interpret for the elderly
ones.” (FGD, Wassakuse, 2018).
“ The availability of different ICTs like the phone, the radio,
television, and even text messages meet our level of education and
language.” (FGD, Anyarkpor, 2018).
“The provision of the forecasts through personal contact, telephone
calls, or face-to-face conversations enable us to ask specific
questions and discuss our observations.” (FGD, Korleykope,
2018).

High level of interaction

Having contact with farmers

Relevance for decisionmaking

Information that provides relevant agrometeorological
indicators, e.g., onset date, length of the season, dry spell
occurrence, and other information on agronomic practices,
market availability, input, etc.

Farmers’ involvement in
information creation

Involvement of farmers in the creation of information and
incorporation of their feedback

Respect for local values

Has local content and reflects farmers’ practices, values, and
beliefs

Continuity in the
provision of information

Continuous delivery of information without interruptions

Timing/schedule
delivery of WIS

Timely delivery of information that clearly specifies when the
weather condition should be expected

Location-specific
forecast

Provision of information for specific communities

Level of detail in the
explanation of the
forecast

Provides detailed explanation on all aspects of the weather
forecast

Communication of
uncertainties

Clear presentation of probability that farmers can understand

Reliability and accuracy

Farmers’ ability to have confidence that the weather forecast
corresponds to local knowledge and forecast

Evidence-based
information

Information associated with field demonstrations on how to
apply it in farming

Access of information to
diverse audience

Available to different groups of farmers including women,
older persons, etc.

Absence of language
barriers

Provision of information in the local language

Format and content of
information

Simple presentation but rich in content and devoid of
information overload

Graphic presentation,
symbols, and
terminologies

Uses images, text, and words as symbols that enhance
understanding

Multiple media delivery

Uses a combination of ICTs for the delivery of information

Two-way information
delivery

Uses a delivery mode that permits two-way communication

(continued on next page)
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Table 2 (continued )
Usability criteriag

Factors contributing to
WIS usability
Accessible level and
mode of payment

Description

Farmer quotes

Preference for prepaid or free access information

“If the information is reliable and beneficial to her, she is ready to
pay for it.” (FGD, Anyarkpor, 2018).

Source: Authors’ construct based on field interviews.

time to explain the forecast. The farmer-to-farmer WIS was also inter
active because farmers discussed their observations about the weather.
A section of farmers also mentioned the Radio Ada WIS as interactive. At
the beginning of the farming season, lead farmers, AEAs, and a host
discussed pertinent questions about the seasonal forecast and farmers’
observations. Afterwards farmers were allowed to phone in and ask
questions or contribute.
We also found that farmers required forecast information with rele
vance for decision-making. The relevance of information for decisionmaking relates to information that provides relevant agro
meteorological indicators, e.g., onset date, agronomic advisories, mar
ket information, and so forth. The agrometeorological indicators are
suitable for deciding when to plough, sow, apply agrochemicals, and
harvest. We found that the content of the private weather forecaster and
the farmer-to-farmer WIS had relevant agrometeorological indicators
such as onset date, length of the season, and rainfall amount. The agri
preneurs, AEAs, and Radio Ada WIS provided bundled agricultural in
formation such as agronomic advice.

The provision of information for specific locations in the district also
affects the usability of the information. According to farmers, a weather
forecast should indicate the community where the weather events are
expected to occur, but this rarely happens. Agripreneurs’ WIS was
sometimes attuned to some specific locations in the district. Farmer-tofarmer WIS was also location specific because the indicators used for
predicting the weather were in their communities. In the case of the
public TV WIS, it covered the entire country and was delineated into
three belts – the northern, middle, and coastal zones.
Farmers required some level of detail in the forecast rather than just
stating a piece of information. The private weather forecaster’s WIS
provided a high level of detail by indicating the expected weather
conditions, location, length of the expected conditions, and time. The
farmer-to-farmer and AEAs’ WIS were created around existing social
structures, where face-to-face interactions took place, and in-depth in
formation. In this case, farmers’ experiential knowledge, observed
conditions, predictions, selection of crops, and other farm-related issues
were discussed. “Sometimes, when the rains are not coming, we hold
meetings and then we discuss the changes we are observing. Sometimes, we
advise each other on what to do….…”. In contrast, the public TV WIS
lasted for only 2–3 min. Agripreneurs’ WIS was also automatically
delivered via SMS with few texts, whereas the Radio Ada WIS allotted a
limited time (15–20 min) for listeners and panel discussions.

Legitimacy
The involvement of farmers in creating information and incorporating
their feedback was a factor that also enabled the usability of the infor
mation. This factor also involves the use of farmers’ feedback to address
actual needs. Farmers mentioned that the AEAs, the private weather
forecaster, and the Radio Ada WIS elicited their opinions.
We identified that information providers’ respect for local val
ues enhanced the usability of WIS. This factor implies that the WIS has
local content and reflects farmers’ practices, values, and beliefs. This
factor is relevant for WIS usability in farming in the Ada East District
because it is an area noted for the production of food crops, vegetables,
and some fruits for the urban market. The growing demand for specific
food crops in the urban market impedes changes in the cultivation of
certain crops in response to a seasonal forecast. Therefore, farmers ex
pected information providers to understand their values, beliefs, socioeconomic characteristics, and practices to tailor to their context. For
example, they required WIS to guide them in selecting a variety of to
matoes suitable for a forecast rather than indicate a complete change in
crop production.
Farmers attached relevance and trust to WIS delivered continuously
and provided outlooks on changes between the season or during the day.
They expected information on outlook on intra-seasonal changes, but
this rarely occurred, albeit that the WIS of the public TV, the private
weather forecaster, GMet online, E-agricultural, agripreneurs, and
farmer-to-farmer were continuously delivered daily.

Predictive skill
Some farmers trusted and used certain WIS based on how they
expressed probabilities related to local thinking about uncertainties.
Uncertainties were communicated differently in each WIS. In the case of
public TV WIS, terms such as “likely” and “unlikely” were used, whereas
Agripreneurs’ WIS specified uncertainty as: “It is likely to rain
tomorrow.”, “It is not likely to rain today.”, or “It will rain tomorrow.”
According to farmers, using these modifiers was not enough to
adequately indicate the level of uncertainty in the forecast. The private
weather forecaster’s WIS was highlighted as providing an understanding
of how farmers conceptualised probability. “In his information, he states
the percentage and adds that, if God permits, we shall experience this con
dition. This tells that he is not God and the forecast can change anytime”. The
farmer-to-farmer WIS also identified probability based on observations
about different indicators with cautions.
When a forecast is provided, and it indicates similar predictions to
farmers’ local indicators and experience, it is highly reliable and accurate.
Most farmers indicated that the farmer-to-farmer WIS was reliable and
accurate compared to other WIS, to the extent that some ascribed 80%
reliability and accuracy to it. However, none ascribed 100% reliability
to the farmer-to-farmer WIS because “sometimes it fails.” It is the reason
why they compared their forecast with other WIS.
The provision of evidence-based WIS was a factor that affected us
ability because farmers expected the information to be associated with
field demonstrations on how to apply it. For example, they mentioned
that when a seasonal forecast indicated an intra-seasonal dry spell
related to practical activities on soil moisture conservation, they usually
adopted it. AEAs’ WIS mainly delivered the provision of evidence-based
WIS with agricultural content for decision-making. This type of WIS is
associated with workshops, community meetings, and field
demonstrations.

Spatial and temporal resolution
The timing/schedule delivery of WIS is relevant for farming in the
district, as some farmers showed interest in seasonal rainfall onset date
and 1–14-days forecast to determine decision-making, e.g., when to
apply fertilisers. Another aspect of the time factor was the strict delivery
of information at specified times (e.g., 8:00 pm daily). With the
attachment of schedules to the provision of information, farmers would
have made certain decisions before it was delivered. Farmers noted
Agripreneurs’ WIS for providing daily information where the expected
forecast was stated with terms such as “expect rainfall in the morning,
afternoon, or evening.” Farmers also appreciated the private weather
forecasters’ information because of the provision of outlooks whenever
necessary.

Accessibility
The delivery of WIS should be accessible for all categories of people.
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Young educated farmers could access any WIS because they could read
and use most technologies. Farmers explained that only a few received
AEAs’ WIS directly through a home visit, mobile phone calls, workshops,
and field demonstrations. Often, the invitation on AEAs’ WIS to farmers
to attend workshops and field demonstrations was limited to one
member per household or to a lead farmer on the assumption that they
would share the information; yet, sometimes, it rarely happens. With
such selection criteria, women, young farmers, and other groups of
farmers were prevented from accessing relevant WIS. The private
weather forecaster’s WIS was accessible directly to only a few farmers
because the provider could not respond to their calls at all times. In the
case of Agripreneurs’ WIS, farmers had to subscribe to a short code to
receive the information, and this required training or some level of lit
eracy; thus, it was used by a few farmers. Lack of ‘free time’ because of
engagement in various socio-economic activities affected women’s ac
cess to WIS, especially regarding scheduled information delivery on the
radio or TV. Further, the accessibility of WIS for diverse groups of
farmers was also dependent on the availability of radio, mobile phones,
television, internet, and electricity.
The absence of language barriers also enhanced the usability of certain
WIS. According to farmers, most WIS were provided in English rather
than in the Dangbe language, which is spoken in the Ada East District.
Hence, some farmers, especially illiterate ones, were limited to using
certain WIS like the farmer-to-farmer WIS. Of the ten types of WIS found
in the district, only half – the AEA, farmer-to-farmer, Radio Ada, private
weather forecaster, and the public radio WIS – were delivered in the
local language.
When WIS was presented at length, farmers were no longer able to
remember all the information. The provision of WIS on rainfall occur
rence was best recalled, whereas other aspects such as the level of un
certainty, location, and other expected conditions were rarely
remembered. This challenge was attributed to the presentation of the 
format and the content of the information. The Radio Ada WIS was
sometimes communicated in drama, and it was deemed relevant for
farming because farmers were able to comprehend the message. Agri
preneurs’ and online WIS were presented in formats such as: “rain likely,
tomorrow, rain likely,” “above normal,” or “near normal.”
The public TV WIS was presented with maps and symbols indicating
sunlight, rainfall, cloudy conditions, thunderstorms, etc. The use of
symbols was meaningful to farmers, especially the symbol for rain or
sunlight. Some WIS was also packaged mostly as numbers and text.
The terminologies used in WIS presentations required some explanations
to aid its usability. For example, although Agripreneurs’ WIS was
delivered in English. A structured text message was delivered in the
same format to help farmers understand.
The use of multiple media, including voice-based, call centre facilities,
mobile phones, radio, and text for WIS delivery, was considered to
enhance or obstruct the usability of WIS. We found that farmers had a
clear preference for information received through voice mode: face-toface interaction, telephone calls, or interactive voice response with
this particular factor. Some farmers emphasised the importance of the
public radio and the Radio Ada WIS, as the radio could be operated with
a battery, had wide coverage, was portable, and was also a mobile phone
component. The district did not promote the use of interactive voice
response and call centre facilities attached to Agripreneurs’ WIS.
The two-way WIS delivery mode allowed farmers to ask questions
and receive feedback. The delivery of two-way information was
considered vital because it enabled farmers to verify their observations
and discuss differences in the forecasts with information providers. The
farmer-to-farmer, the private weather forecaster, and AEAs’ WIS pro
vided two-way information delivery through mobile phone and face-toface interactions.
Accessible level and mode of payment indicate farmers’ preference for
prepaid or free access WIS. In some instances, the fee for WIS deterred
some farmers from sourcing certain WIS. Except for public TV, public
radio, Radio Ada, AEAs, and farmer-to-farmer WIS, which provided free

information, other types of WIS involved some form of payment.
Farmers who were willing to pay for WIS mentioned detailed, reliable,
accurate, and evidence-based conditions for farming.
In the above sections, we analyzed the types of WIS, the factors that
affect their usability, and how each WIS (un)met a specific factor. These
analyses are summarised in Table 3, with a tick indicating how farmers
perceived a specific WIS to have met each factor.
Discussion
In this study, we identified ten types of WIS for farming in the Ada
East District, Ghana. On average, a farmer used at least two types of WIS.
The farmer-to-farmer WIS was often used (see Table 2) and other types
of WIS, indicating a local way of integrating weather forecasts. This
finding was also identified by some other studies, which mentioned that,
despite the provision of scientific weather/climate information services
through the radio, SMS, TV, agrometeorological bulletins, and so forth,
farmers complemented forecast with their local environmental obser
vations (see for instance Slavova and Karanasios, 2018; Nyamekye et al.,
2019; Naab et al., 2019; Spear et al., 2019; Sarku et al., 2021). The main
reason farmers combined different WIS was the need for reliable and
accurate forecasts, which seemed absent in a single WIS. Patt and Gwata
(2002) and Nyadzi (2020) also observed that farmers’ use of seasonal
climate forecasts increased when combined and compared with local
knowledge. The essence of this finding from the study conducted in the
Ada East District is an opportunity to co-produce WIS by integrating
farmers’ local knowledge with scientific forecasts to enhance their us
ability for farming. This idea is increasingly discussed theoretically in
the climate information service literature. It is necessary to involve
existing preferred WIS sources such as farmers, the private weather
forecaster, AEAs, and Radio Ada, from the study district.
We identified new factors that affected the usability of WIS in our
study district. These include the origin of information, continuity of
information provision; schedule delivery of WIS; evidence-based infor
mation; format and content of information; graphic presentation, sym
bols, and terminologies, and accessible level and mode of payment.
These results advanced those provided by previous studies, including
Etwire et al. (2017); Kabobah et al. (2018); Clarkson et al. (2019); Naab
et al. (2019); Nyadzi et al. (2018, 2019); Nyadzi (2020)); Nyamekye
et al. (2019, 2020); Nyantakyi-Frimpong (2019); Dorward et al. (2020);
Owusu et al. (2021), Partey et al. (2020); and Antwi-Agyei et al.
(2021b). These findings suggest new factors may be attributed to several
issues, including climate change and increasing variability in weather
conditions, exposure to different WIS and new ICTs, changes in farming
practices, and intensive cultivation of crops. These factors may play
multiple roles in triggering farmers to prefer certain factors inherent in
WIS information design and delivery. This finding reiterates that the
usability of weather/climate information needs to be mobilised around a
particular socio-cultural context (Tschakert, 2013; Carr and Thompson,
2014; Carr and Owusu-Daaku, 2016). Hence, the delivery and uptake of
forecast information must be context-specific (Antwi-Agyei et al.,
2021b). The findings on emerging factors indicate the need for infor
mation providers to make extra efforts to design and deliver WIS to
decrease or even eliminate the WIS usability gap for farming.
In our study, we observed trade-offs among factors that affected the
WIS usability for farming. For instance, we observed trade-offs between
predictive skill and spatial resolution. This is because if information
providers attempt to attain location-specific forecasts (high resolution),
weather models tend to lose accuracy and vice versa (Archie et al.,
2014). Despite advances in forecasting, predictions still carry high de
grees of uncertainty depending on various factors such as the variable
that is being forecasted, the time of year the forecast is issued, the re
gion, and the length of lead-time (Lemos and Rood, 2010; Singh et al.,
2016; Singh et al., 2018). Towards this end, Dilling and Lemos (2011)
indicated that in a context where decision-makers are made aware of the
uncertainty inherent in forecast information, they can accept it as part of
9
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Table 3
The comparison between weather information services, information design and delivery criteria, and the factors affecting information.
Information
design and
delivery
criteria

Local embeddedness

Legitimacy

Spatial and temporal resolution Predictive skill

Factors
affecting the
usability of
WIS

Origin of
High level Relevant
WIS from
of
content
the farming interaction for
communities
decisionmaking

Involvement Respect Continuity
in
for local in
information values information
creation
delivery

Timing/ Location- Level of
Communication
schedule specific detail in the of uncertainties
delivery forecast presentation/
of WIS
text

✓
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Farmer-to✓
✓
farmer WIS
Private
✓
✓
weather
forecaster’s
WIS
Radio Ada
✓
WIS
Public TV WIS
Agricultural ✓
✓
extension
agents’
(AEAs’) WIS
Agripreneurs’
WIS
Public radio
WIS
Online WIS
GMet online
WIS
E-agricultural
WIS
Legend
✓ = Criteria
met by
specific WIS

✓

Accessibility

Reliability Evidence- Accessible Absence Format and Graphic
Multiple Two-way
and
based
for diverse of
content of presentation, delivery information
accuracy information audience language information symbols, and media delivery
information
barriers
terminologies

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓
✓

✓
✓

✓
✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓
✓

✓
✓

✓
✓

✓

✓

✓

✓

✓

✓

✓
✓

✓

✓
✓

✓

✓

✓

✓
✓
✓

✓
✓
✓

✓
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Source: Authors’ construct based on interviews and FGDs.

✓

✓
✓

✓

Accessible
level and
mode of
payment
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using the information in their decision-making. In contrast, there are
instances where decision-makers may be risk averse and vulnerable.
Hence, they may prefer not to use forecasts (Orlove et al., 2004). In
Burkina Faso, individuals were not interested in relying on forecasts
until proven reliable (Ingram et al., 2002). They expected the forecast to
corroborate their observations (Roncoli et al., 2009a).
Other trade-offs identified in our study involve the factors, high level
of interaction, and accessibility for all audiences. It was only the farmerto-farmer and the private weather forecaster’s WIS which met this need
of farmers. This finding was also identified by Nyamekye et al. (2019) in
the Northern region of Ghana, where farmers mentioned their prefer
ence for the weather/climate information delivered through the radio
since it reaches a large group of audiences in the local language. Yet, it
does not grant farmers the opportunity to ask questions or even make
contributions due to limited time slots allocated to the radio program.
We also observed a trade-off between evidence-based WIS and
accessibility for all audiences because it was impossible to include every
farmer in the district in practical WIS workshops. This finding also fol
lows other studies (see, for instance, Slavova and Karanasios, 2018;
Naab et al., 2019; Nyamekye et al., 2019; Nyantakyi-Frimpong, 2019).
These studies also indicated that farmers have preferences for evidencebased information delivered through agricultural extension workshops.
Yet, the forecast information is unable to reach variable groups of
farmers due to gender norms and expectations, patriarchal values, time
poverty, the intersection of seniority, religion, class, and positions
within households, that intersects with the criteria for the selection of
lead farmers under extension delivery program.
Trade-offs concerning factors that affect the usability of weather/
climate forecasts have been identified in the literature (see Tall et al.,
2018; Hansen et al., 2019). They are inevitable in providing weather/
climate information services. Hence, we recommend that information
providers engage farmers through workshops or training programmes to
explain how trade-offs are associated with WIS. For example, issues on
the provision of location-specific and accurate forecasts need to be dis
cussed with farmers to moderate their expectations. Alternatively, in
formation providers can strategize with farmers on how to deal with
inevitable trade-offs. Additionally, information providers that find it
challenging to generate feedback from farmers based on their mode of
WIS delivery may consider using a selection strategy that enables
different categories of farmers to be selected across the district to give
their opinion about the WIS.
Furthermore, we found that the origin of WIS played an essential role
in WIS usability in the study district. The origin of WIS as defined by
farmers was not about the physical space per se; instead, it was more
about information providers and establishing personal bonds with
farmers. As a result, farmers had some sense of security in the reception
of WIS because they knew who to contact if the information ‘failed’. This
finding resonates with other studies (see, for instance, Munthali et al.,
2018; Slavova and Karanasios, 2018; Spear et al., 2019), which indi
cated farmers’ preferences for informal means of interacting with in
formation providers located in the farming communities. Findings on
the unmet need of information providers originating from the farming
communities are similar to other studies which have also reported that
the disconnection between information producers and farmers is a
constraining factor for the uptake of climate information (Lemos et al.,
2012; Hansen et al., 2011; Ouedraogo et al., 2018; Sultan et al., 2020).
In this instance, we observed preferential choices in WIS usability. It
can be trusted and applied if WIS comes from the farmer/farming
community, the private weather forecaster, AEAs, and Radio Ada. Based
on the finding on the origin of WIS, it can be inferred that, in the study
district, if an information provider can position themselves as a trusted
person, it enhances WIS usability. This approach can be a positive
characteristic, but it can equally pose a challenge when the provision of
WIS is associated with an individual. This is because associating WIS
usability with an individual bears the risk of creating dependencies that
can destabilise information delivery in that person’s absence. The

private weather forecaster’s WIS may not be sustainable in the long run
because the providers’ absence will bring an end to the delivery of this
information. Similarly, the sustainability of AEAs’ WIS could be affected
by a change in extension staff. Farmer-to-farmer WIS may gradually
disappear when experienced farmers are no longer present, given that
their information is rarely documented but rather exists as tacit
knowledge (Roncoli et al., 2009b; Gwenzi et al., 2016; Basdew et al.,
2017). Regarding this finding, we propose that information providers
build farmers’ trust towards a WIS rather than focusing on building
personal bonds.
Conclusion
Our study examined farmers’ perceptions about the usability of
various types of WIS for farming, focusing on the Ada East District in the
Greater Accra Region, Ghana. From the literature, we developed five
information design and delivery criteria – local embeddedness, legiti
macy, spatial and temporal resolution, predictive skill, and accessibility
– to attain the study’s objective. Using a combination of qualitative
research methods such as semi-structured interviews and FGDs, we
identified that smallholder farmers had access to ten different WIS.
However, the extent to which each WIS was used varied, given that the
farmer-to-farmer and the private weather forecaster’s information were
more used than the other services. The usability of the identified WIS
was affected by factors such as the origin of information, level of
interaction, and relevant content. Based on the findings of the study, we
provide the following recommendations.
Given that farmers required evidence-based information, including
WIS that originates from the farming communities since it builds trust
towards applying the information, the empirical results provide insights
on the need for information providers to be present in the farming
communities. In the context of the Ada East District, we recommend that
the information providers establish sub-offices or employ field agents
who know agronomic principles and the communication of forecasts to
support AEAs to respond promptly to farmers’ information needs
monthly meetings or informal daily conversations. In instances where
this approach may be costly due to the operation model by information
providers, ICTs such as call centres and interactive apps can be
employed to play major intermediary roles between the sub-agents and
farmers. Where it becomes necessary, the sub-agents may contact
farmers to provide other advisory services than the sole reliance on the
few agricultural extension agents in the districts. This may serve as a
means to foster trust, legitimacy, reliability, and continuity in the pro
vision of WIS. It could also enable WIS to reach larger audiences like
women, older people, persons with disabilities, and illiterate people.
Also, information providers may apply ICTs such as Facebook,
WhatsApp audio recordings, call centre facilities, and interactive voice
responses. These innovations can be used in diverse ways to derive
farmer-to-farmer WIS, which provides local environmental indicators, to
support the delivery of reliable, accurate, and location-specific WIS.
Additionally, new ICTs should not be applied merely in delivering
WIS as a trending tool, as this may deepen the information divide among
farmers. Instead, information providers should select ICTs that suit the
needs of specific farmers, or they may apply new ICTs innovatively to
serve the needs of farmers who rarely receive WIS because of their
gender, human disabilities, socio-political influences, and institutions.
The policy on climate information services in Ghana should prioritise
mainstreaming agricultural WIS in its various components. This
recommendation is made due to the finding on daily forecasts with
limited provisions of evidence-based forecasts that contain relevant
agrometeorological indices to support farmers’ decision-making. Given
that the policy on climate information services in Ghana is being
formulated, it would be ideal for policy-makers to include some of the
pertinent findings derived from this study. Also, drawing from the
study’s findings, it seems that an increasing number of information
providers are providing WIS, but there is no evidence of collaboration
11
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among them. Thus, it appears that, although a particular information
provider was meeting a specific factor that could be assumed to be
innovative, others were not applying such strategies. We recommend
that the new government policy institutionalise formal collaboration
between information providers and different knowledge systems and
encourage ICTs to ensure that different categories of farmers have access
to WIS to support food production in Ghana.
Despite the study’s novelty, it was limited by the fact that we con
ducted semi-structured interviews and the focus group discussion with a
section of the farming population. Future studies may select participants
from different agricultural zones in the Ada East District to cater to this
shortfall. We accept that choosing a large number of farmers through a
quantitative survey could have provided varied insights on the usability
of climate and weather information services for decision-making in
farming. However, since it was an exploratory study and involved
applying a new concept (usable information), we sought to use quali
tative research focusing on the need to derive in-depth and rich stories
from farmers. On this note, future research could focus on a large-scale
survey strategy.
Ideally, focus group discussions should have been held for different
gender and generational groups. This idea is relevant considering that
rural communities have differing access to resources. Hence, although
we derived interesting findings, we treated most of the responses as the
homogenous views of all farmers in the Ada East District. Thus, we
propose that a gendered perspective on usability of WIS, especially in
the coastal savanna agroecological regions, are required to inform
research and policy formulation in the climate and weather information
sector.
Another critical missing point in this study was the lack of repre
sentation of views or voices from the providers of WIS in Ghana in
comparison to farmers’ responses. The provision of this information
would have provided knowledge concerning certain factors which affect
the usability of WIS in the study district. Yet, this study focused on
farmers’ perceptions about the usability of forecast information. Thus,
we propose that future study on comparative analysis on the perspective
of information providers and users concerning the usability of WIS.
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