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A B S T R A C T   

Empirical evidence on the opportunities and barriers to the uptake of climate services by smallholder farmers for 
resilient agricultural systems in sub-Saharan Africa is limited. This paper addresses this important gap by 
evaluating the opportunities and barriers to the uptake of climate information (from short-term weather fore
casts, through seasonal forecasts to longer-term climate change information on decadal timescales) by small
holder farmers in the Sudan savannah agro-ecological zone of Ghana. The paper answers the following research 
questions: i) what kinds of weather and climate information are available and accessible to smallholder farmers 
for agricultural management decision-making? ii) what opportunities exist for using climate information in 
agricultural systems in the Sudan savannah agro-ecological zone? iii) what are the key barriers to the uptake of 
climate information by smallholder farmers in the Sudan savannah agro-ecological zones of Ghana? The study 
used participatory approaches including household surveys with 555 farmers, 3 stakeholder workshops, 15 key 
informant interviews and 12 focus group discussions across 6 communities in the Sudan savannah agro- 
ecological zone. Findings show that more than a third of the study respondents (40%; n = 555) were not 
receiving climate information. Out of the 60% receiving climate information, the majority (91%; n = 335) 
indicated receiving information on rainfall with fewer respondents 21% and 26% receiving information on 
temperature and windstorms, respectively. Radio was the key medium for receiving weather and climate in
formation. Both female and male smallholder farmers were using climate information to make critical farming 
decisions including time of land preparations (79%), crop variety selection (50%), changing cropping patterns 
(36%), planting time adjustments (31%), harvesting time (21%) and disease/pest management (10%). Increasing 
uptake of weather and climate information is confronted with multiple barriers including inadequate information 
on seasonal forecast for long-term planning, low accessibility of climate information, high levels of illiteracy, 
difficulties in understanding technical language used in communicating climate information and misalignment 
between the climate information provided and what smallholder farmers need. Climate information should be 
linked directly to agricultural impacts and management decision-making to ensure it is both available to, and 
usable by smallholder farmers.   

Practical implications   

• Addressing the climate change effects on food production in 
dryland farming systems is important to avoid food insecurity in 
vulnerable households. This can be achieved through the 

implementation of appropriate adaptation interventions 
including changes in crop management and water conservation 
practices as well as timely access to, and use of, accurate climate 
information by smallholder farmers to build resilience in agri
cultural systems. We assessed the opportunities and barriers to 
the uptake of climate information by smallholder farmers to 
help with the building of more resilient agricultural systems, 
using northeast Ghana as a case study. 
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• Our findings demonstrate that over one-third of the smallholder 
farmers interviewed did not have access to climate information. 
Amongst those that were receiving some kinds of climate in
formation, the majority were solely receiving weather forecast 
information relating to rainfall with fewer respondents 
receiving information on temperature and windstorms. The 
main channels of communicating weather and climate infor
mation to farmers included the use of radios, mobile text mes
sages, and workshops. Others included the use of extension 
agents, community groups and social media. We highlight that 
smallholder farmers in Ghana’s dryland farming systems are 
using climate information in making critical farm decisions in 
relation to land preparations, crop variety selection, changing 
cropping patterns, planning planting time and managing crop 
risks.  

• We found that the successful uptake of climate information by 
smallholders is affected by multiple socioeconomic and cultural 
barriers. These barriers included inadequate information on 
seasonal forecast for long-term planning, low accessibility of 
climate information, high levels of illiteracy, misalignment be
tween the information provided and what is needed by small
holder farmers and timeliness of weather forecast/climate 
information.  

• It is important to support smallholder farmers to overcome these 
challenges to facilitate the implementation of adaptation in
terventions in climate change vulnerability hotspots such as 
northeast Ghana. We propose that there should be closer 
collaboration between National Meteorological Services and 
Ministries and Agencies responsible for food production and 
environmental management to address the barriers hampering 
the successful uptake of climate information by smallholder 
farmers to build capacity to manage climate risks. Climate in
formation should be communicated in languages understood by 
local farmers and linked directly to agricultural management 
decision-making to ensure it is both timely and usable by 
smallholder farmers.  

• The study proposes the following recommendations: (i) forecast 
information should be communicated in local language so that it 
is easily understood and appreciated by agricultural extension 
workers and smallholder farmers; (ii) climate information 
should be linked to agricultural practices for smallholder 
farmers to appreciate the usefulness of such information; (iii) 
climate information should be co-produced with farmers and 
where possible, integrated with the local indigenous knowledge. 
Communication of climate information should also be directly 
linked to agronomic advice to make such information usable by 
smallholder farmers.   

1. Introduction 

Scientific evidence suggests that the climate is changing at a faster 
rate than anticipated, with serious repercussions for socio-economic 
development in developing countries (Intergovernmental Panel on 
Climate Change (IPCC), 2018). Climate sensitive sectors such as agri
culture and forestry will be disproportionately affected by changing 
rainfall patterns and increasing temperature (Dube et al., 2016). Africa 
is particularly vulnerable to the threats posed by climate change due to 
socio-economic and political problems, low adaptive capacity and 
multiple stressors across different scales and sectors (Niang et al., 2014). 

Previous studies (including Connolly-Boutin and Smit, 2016; Antwi- 
Agyei et al., 2017; Reid and Vogel, 2006) suggest that West Africa is 
confronted with multiple biophysical, political and socioeconomic 
stressors that interact to exacerbate the exposure and sensitivity of 
livelihood systems to climate extremes including increased temperature 
and erratic rainfall. Climate change is the leading stressor that is man
ifesting itself in changes in frequency and severity of extreme weather 
events including droughts, floods and windstorms, with severe impli
cations for food security in West Africa (Sylla et al., 2018; Sultan and 

Gaetani, 2016). 
Ghana is one country that is most vulnerable to the adverse effects of 

climate change (Asante and Amuakwa-Mensah, 2015) due to over- 
dependence on rain-fed agricultural systems and natural resource 
based livelihoods. Research suggests it will experience higher temper
atures, suffer more intense droughts and variable rainfall patterns 
(Christensen et al., 2007) and make agricultural production less resil
ient. This threatens the attainment of the Sustainable Development 
Goals particularly those relating to food security (goal 2) and poverty 
eradication (goal 1) and perpetuates existing poverty and climate 
vulnerability of millions of households (Antwi-Agyei et al., 2012). 
However, a growing body of literature suggests that improved access to 
timely climate information services offers prospects for dryland small
holder farmers to maintain productivity and build resilient agricultural 
systems in the face of changing rainfall patterns (e.g. Jones et al., 2015; 
Hansen et al., 2019; Singh et al., 2018). Climate services involve “the 
generation, provision, and contextualization of information and 
knowledge derived from climate research for decision making at all 
levels of society” (Vaughan and Dessai, 2014, p.1). Climate information 
refers to both short-term weather forecasts, through seasonal forecasts 
to longer-term climate change information on decadal timescales 
(Nkiaka et al., 2019; Singh et al., 2018). 

To be useful to smallholder farmers, the provision of climate infor
mation or forecasts need to be accompanied by agronomic advice 
meaningful for farm management decision-making to offset climate risks 
(Nkiaka et al., 2019; Dilling and Lemos, 2011). Climate information is 
only useful in addressing the threats posed by climate change, when they 
can be accessed in a form easily understood by smallholder farmers 
(Muema et al., 2018). However, the provision of climate information is 
usually confronted with a host of technical and socioeconomic barriers, 
limiting the uptake and utilisation of climate information for effective 
decision-making. Therefore, it is important to evaluate the key factors 
that limit the uptake of climate information for effective adaptation by 
smallholder farmers. 

Several authors (including Antwi-Agyei et al., 2020; Vincent et al., 
2017; Nkiaka et al., 2019; Singh et al., 2018) have highlighted the need 
for timely climate information for effective decision making to address 
climate shocks in sub-Saharan Africa. Empirical evidence on the op
portunities associated with climate information and the barriers to 
greater uptake of climate information services by smallholder farmers is 
still largely lacking in sub-Saharan Africa and this hampers the adaptive 
capacity of smallholder farmers to address climate risks. The aim of the 
paper is to unravel the opportunities and barriers to the uptake of 
climate information by smallholder farmers for resilient agricultural 
systems. The paper answers the following research questions: i) what 
kinds of climate information are available and accessible to smallholder 
farmers for agricultural management decision-making? ii) what oppor
tunities exist for using climate information in agricultural systems in the 
Sudan savannah agro-ecological zone of Ghana, iii) what are the key 
barriers to the uptake of climate information by smallholder farmers in 
the Sudan savannah agro-ecological zones of Ghana? 

2. Study design and methods 

2.1. Study area 

Three local assemblies – Kassena-Nankana Municipal (urban area), 
Talensi (rural area), and Bawku West (semi-urban) in the Upper East 
region were selected (Fig. 1 and Table 1), based on their levels of climate 
vulnerability and advice from agricultural development officers. Within 
each local assembly, two communities were selected based on infor
mation obtained through interviews with local extension officers and 
agricultural development officers – Vunania and Saboro (from Kassena- 
Nankana Municipal), Telli and Yarigu (from Bawku West district), and 
Tindongo and Yameriga (from the Talensi district). The Upper East re
gion is bordered by Burkina Faso to the north and Togo to the east. The 

P. Antwi-Agyei et al.                                                                                                                                                                                                                           



Climate Services 22 (2021) 100226

3

region falls within the Sudan savannah agro-ecological zone of Ghana, 
which is characterised by a unimodal rainfall pattern with an average 
annual rainfall of 750 to 1050 mm between May and October; followed 
by a long dry season from November to April. The peculiar geographical 
and socio-economic stressors including a lack of infrastructural devel
opment, high poverty rates and low literacy rates (GSS, 2013) put 
smallholder farmers in this region at more risk of severely suffering from 
the adverse impacts of climate change events (Antwi-Agyei et al., 2012). 
The majority of the people are mixed crop-livestock farmers who are 
dependent on rainfall for their livelihoods. The major crops produced 

include sorghum, millet and groundnuts. 

3. Research methods 

The study employed ethnographic fieldwork that allowed the lived 
experiences of smallholder farmers in climate vulnerability hotspots to 
be examined. Ethnographic fieldwork has been employed in related 
research (e.g. Antwi-Agyei et al., 2020; Aniah et al., 2019; Nyantakyi- 
Frimpong, 2019) and this study explored the utility of using this 
approach to understand how smallholder farmers access climate 

Fig. 1. Study districts with communities.  

Table 1 
Background characteristics of study communities.   

Kassena-Nankana Municipality Bawku West District Talensi District 

Study community Vunania Saboro Yarigu Telli Tindongo Yameriga 

GPS coordinates N10o51′ W001o04′ N10o54′ W001o05′ N10o52′

W000o33′

N10o57′

W000o23′

N10◦48′ W000◦48′ N10o44′ W000o43′

Total households 
(2017) 

535 1,585 230 247 600 488 

Number of study 
households 

94 94 86 99 87 95 

Major crops grown Maize, sorghum, groundnut, 
rice, bambara beans, millet 

Maize, sorghum, groundnut, 
rice, bambara beans, millet 

Maize, millet, 
sorghum, rice 

Maize, millet, 
sorghum 

Groundnuts, millet, 
rice, maize 

Groundnuts, millet, 
rice, maize, sorghum 

Economic trees Shea nut, dawadawa Shea nut, baobab, cashew Dawadawa, shea 
nut, baobab 

Dawadawa, shea 
nut, kapok 

Shea nut, acacia, 
dawadawa 

Dawadawa, shea nuts, 
baobab 

Ethnicity Kasena Kasena Kusasi Kusasi Talensi Talensi 
Key livelihood 

activities 
Farming Farming Farming Farming Farming Farming 

Focus group 
discussion 
(males) 

N = 9 N = 8 N = 10 N = 8 N = 13 N = 11 

Focus group 
discussion 
(females) 

N = 10 N = 14 N = 12 N = 15 N = 16 N = 14  
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information and the barriers constraining farmers’ uptake of this climate 
information as provided by the Ghana Meteorological Agency (GMet). 
The study used participatory approaches given low levels of literacy in 
the study area (GSS, 2013). The fieldwork was conducted from 
September to October 2019 in three phases, with findings from one 
phase feeding into the succeeding phase. Phase one involved 2 regional 
stakeholder workshops held in Bolgatanga and Navrongo to understand 
the broader issues involved in climate information services delivery in 
the Upper East region. Outcomes of the workshops informed the design 
of the data survey instruments to better reflect the prevailing conditions 
in the study area. Thus, phase one provided opportunity to fine-tune the 
questionnaire and removed inappropriate questions from the final sur
vey instrument. 

Phase two involved local community engagements held in all the 6 
study communities where the objectives of the study were introduced to 
community members. Between September and October 2019, 555 
household surveys were administered in the 6 communities with the 
help of CSPro software. Households were randomly selected in each 
community and the head of the household was interviewed, or his 
representative in the absence of the head. Questionnaires were admin
istered in the local dialect with the assistance of local interpreters. 
Survey questionnaires probed the kinds of climate information acces
sible to smallholder farmers, the use of climate information and the key 
barriers relating to the uptake of such information. 

During the household surveys, participants that demonstrated 
appreciable agro-ecological and environmental knowledge were 
selected for focus group discussions. In all, 12 focus group discussions (2 
in each community) were held in the 6 study communities with partic
ipants ranging from 8 to 16. Separate male and female focus groups were 
held because of sociocultural differences that prevented women from 
freely expressing their views on issues in the presence of their male 
counterparts. Focus groups provided useful insights based on lived ex
periences from participants. 

In phase three, 15 key informant interviews were held, which pro
vided in-depth information on opportunities and barriers relating to the 
uptake of climate information in the study communities (Creswell, 
2014). Key informants were selected based on the comprehensive un
derstanding of local environmental change and agricultural systems 
within the six communities. The findings from the household surveys 
were presented to Agricultural Extension Officers and Agents in a multi- 
stakeholder workshop held in Bolgatanga in February 2020. 

Qualitative data obtained from key informants and focus group dis
cussions were coded and indexed and analysed using intensive content 
analysis that allowed the major responses that emerged to be identified 
(Krippendorff, 2004). Descriptive analysis using frequencies and per
centages were performed on quantitative data. The study used the in
dependent sample t-test technique to measure the difference between 
means of the two groups (male farmers and female farmers). The for
mula for calculating the t-values of differences is given below: 

t = X1 − X2̅̅̅̅̅̅̅̅̅̅̅
SE1+SE2
N1+N2

√ ; d.f. = N1 + N2where; SE1 = Standard error calculated for 

each variable for female farmers, SE2 = Standard error calculated for 
each variable for male farmers, N1 = Sample size for female farmers, N2 

= Sample size for male farmers, X1 = mean obtained for variable among 
female farmers, X1 = mean estimated for variable among male farmers. 

4. Results and discussion 

4.1. Key climate variables received by smallholder farmers in the study 
area 

Results show that only 60% of the study respondents received 
climate information in the 6 study communities (Table 2). Out of the 
respondents receiving climate information, the majority (91%; n = 335) 
indicated receiving information on rainfall with fewer respondents 

(21%, n = 335) receiving information on temperature (Table 3). Infor
mation on windstorm was also cited by 26% of the respondents 
(Table 3). These results suggest that, slightly more than a third (40%) of 
all study respondents in this vulnerable region were not receiving any 
kind of climate information. This is worrying given that these small
holder farmers rely predominantly on rain-fed agricultural systems to 
support themselves and households. The lack of access to climate ser
vices reduces their ability to manage climate risks because information 
about future climate variability is required to inform decision-making on 
farm management practices. Coupled with high poverty rates, 
increasing fluctuations in rainfall patterns over the years have increased 
the vulnerability of communities in this region to climatic change 
effects. 

In the past, smallholder farmers have often depended on their agro- 
ecological knowledge to determine the pattern of rainfall, using various 
indicators of the weather. Smallholder farmers have developed complex 
mental models of the climate including the flowering of Baobab tree 
(Adansonia digitata) and appearance of certain birds to inform adapta
tion practices. Such agro-ecological knowledge helps in making impor
tant climate change adaptation decisions including when to plant or 
harvest. However, with climate change projected to increase in the 
future with uncertainties of extreme climate events, the reliance on local 
traditional knowledge by smallholder farmers has been brought under 
scrutiny (Roncoli et al., 2008). The traditional indicators are either 
becoming less reliable or disappearing all together because of climate 
change effects (Basdew et al., 2017). The ability of the smallholder 
famers to withstand climate change is therefore contingent on the 
availability and timely access to evidence-based climate information 
including temperature and rainfall. 

These results advance those provided by previous studies including 
Diouf et al. (2019), Oyekale (2015) and Zongo et al. (2016) suggesting 
that smallholder farmers in many countries across West Africa are not 
receiving climate information needed to make important decisions. For 
instance, in Burkina Faso, only 22% of sampled farmers (n = 629) had 
access to climate information (Zongo et al. 2016). Access to reliable 
climate information is critical to effective adaptation by farmers, yet, 
most smallholder farmers in Ghana are confronted with challenges in 
accessing accurate climate information (Antwi-Agyei et al., 2020; Hir
ons et al., 2018), increasing the vulnerability of farmers to the adverse 
impacts of climate change. 

Table 4 shows the main channels for receiving climate information in 
the study communities. Radio (75%; n = 335) was the key medium for 
receiving climate information, followed by mobile text message (36%; n 
= 335) and workshops (28%; n = 335). This confirms previous studies 
by Diouf et al. (2019) in Senegal, Muema et al. (2018) in Kenya and 

Table 2 
Receipt of climate information reported by smallholder farmers (%).   

All Sample (N = 555) Females (N = 222) Males (N = 333) 

Yes 60.4 (335) 59.5 (132) 61.0 (203) 
No 39.6 (220) 40.5 (90) 39.0 (130) 

Numbers in parenthesis indicate counts of households. 

Table 3 
Climate variables received by smallholder farmers (%).  

Climate variables All Sample (N 
= 335) 

Female (N 
= 132) 

Male (N 
= 203) 

Rainfall (onset, distribution, 
amount, and cessation of the 
rains) 

91.0 88.6 92.6 

Temperature (expected average 
temperatures) 

21.2 16.7 24.1 

Windstorms (intensity of the storms) 25.7 33.3 26.9 
Others (including relative humidity, 

incidences of floods etc.) 
0.6 0.8 0.5  
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Amegnaglo et al. (2017) in Benin, suggesting that radio is the key me
dium for communicating climate information. Although many more 
people are having mobile phones, national climate forecast are 
disseminated through radios and televisions. At the local and regional 
levels, climate information is also disseminated via radios and not mo
bile phones. Dissemination of climate information via mobile phone is a 
new practice being experimented by NGOs such as ESOKO and FARM
ERLINE within the study area. The other receptors including extension 
officers and agents, televisions, and social media were reported by fewer 
respondents. 

Access to capital assets including radios and mobile phones have 
been considered as key in reaching out to smallholder farmers in 
vulnerable regions. Diaz (2016) demonstrated the importance of peo
ple’s access and control over productive and economic assets and re
sources in building adaptive capacity. Cherotich et al. (2012) in 
reporting on the channels through which women and the elderly 
(vulnerable people) accessed climate information in a semi-arid area of 
Kenya mentioned that, majority of the women preferred radio while the 
elderly preferred indigenous knowledge to accessing climate informa
tion. Nyantakyi-Frimpong (2019) reported similar results suggesting 
radio was the main channels through which farmers received climate 
information in the Upper West region of Ghana. 

Although radio was the most preferred communication channels, 
Nyantakyi-Frimpong (2019) has raised concerns related to radios 
including the lack of opportunities to clarify contentious issues 
compared to face-to-face delivery options such as workshops. Time 
constraints due to household labour commitments and chores on the 
part of women sometimes preclude them from listening to radio for 
climate information. Extension agents as channels of disseminating 
climate information was reported by fewer respondents (about 9%; n =
335) due to the inability of extension agents to deliver such information 
in a timely manner. 

4.2. Opportunities for the use of climate information by smallholder 
farmers 

Table 5 shows how smallholder farmers are using climate informa
tion to make several critical farming and cropping choices decisions. 
About 79% of the respondents who were receiving climate information 
indicated that they used such information to make decisions on land 

preparations. The study communities are characterised by unimodal 
rainfall patterns with rainfall starting from May/June to September/ 
October (GSS, 2013). Ecologically and economically, northern Ghana is 
less endowed compared to its southern counterpart. It is deprived in 
terms of infrastructural development and is characterised by high 
poverty levels and low literacy rates (GSS, 2013). Currently, smallholder 
farmers usually prepare their lands in anticipation of the rains and 
sometimes have to wait for several weeks after land preparation to 
witness the onset of the rains for planting. This puts extra stress on 
household food security and perpetuates existing poverty and climate 
change vulnerability amongst farming households. Therefore, it is 
crucially important for these farmers to get information on when the 
rains will start to inform when land preparation should commence. 

Results further showed that, both male and female farmers reported 
using climate information for equally important decisions including 
crop variety selection (50%), changing cropping patterns (36%), and 
harvesting time decisions (21%) (Table 5). Smallholder farmers require 
different types of climate information at different periods during the 
farming season. Receiving climate information makes it easier for fam
ers to make decisions on crop varieties to grow (Amegnaglo et al., 2017). 
Selecting the appropriate varieties of crops is crucial in the face of 
changing rainfall patterns and increasing temperatures. Consequently, 
farmers are now employing more drought tolerant and early maturing 
varieties of crops to manage climate risks (Aniah et al., 2019). Small
holder farmers need information on the expected amount and distribu
tion of rainfall as well as the length of the growing season provided 
through sub-seasonal and seasonal forecasts to make critical decisions 
on the type of crops to plant for the season. The number of rainy days 
and dry spells are also crucial in making decisions on when to plant, 
disease management and harvesting times (Coulibaly et al., 2015). For 
crop disease management, wind direction, wind speed, average tem
peratures, dry spell, as well as relative humidity are quite important for 
smallholder farmers in dryland farming systems. Adjusting the timing of 
planting has become one of the important adaptation measures for 
dryland farming systems and about 32% of the study respondents re
ported that they used climate information to make decisions on when to 
plant their crops. A farmer reported: “we need information on when the 
rains will start to enable us make important decision regarding when to plant 
our crops and which kinds of crops may be suitable for the season in the light 
of the climate information provided” (Farmer, Focus Group Discussion, 
Telli, October 2019). 

Farmers vary their planting time in order to avoid drought that could 
be devastating for crops and food security for vulnerable smallholder 
farmers in the study communities. With temperatures projected to in
crease and rainfall becoming more variable across all agro-ecological 
zones of Ghana (Asante and Amuakwa-Mensah, 2015), the ability of 
smallholder farmers to make informed farming and cropping choices is 
critical for building resilience to climate change. 

Similar studies elsewhere have established that climate information 
is critical in building the adaptive capacity of farmers to address climate 
risks. In Burkina Faso, Lugen et al. (2018) reported that, farmers 
adjusted their planting times to fit the rains. Similar studies conducted in 
northern Ghana (Nyadzi et al., 2018) also reiterated that farmers’ 

Table 4 
Medium for receiving climate information.  

Channel for receiving 
information 

All Sample (N =
335) 

Female (N =
132) 

Male (N =
203) 

Radio 74.6 68.9 78.3 
Mobile Text Message 36.4 48.5 28.6 
Phone Voice Message 1.5 0.0 2.5 
Newspaper 4.5 3.0 5.4 
Workshops 28.1 33.3 24.6 
Television 2.4 0.8 3.4 
Extension Officers 8.7 7.6 9.4 
Community Groups 5.7 6.1 5.4 
Social Media 2.1 2.3 3.0  

Table 5 
Use of climate information by study respondents receiving climate information (%).  

Farm operations Examples of climate information required by smallholder farmers All sample (n =
335) 

Females (n =
132) 

Males (n = 203)   

N % N % N % 

Land preparations Onset and cessation dates, amount and distribution of rainfall, length of season. 265  79.1 108  81.8 157  77.3 
Crop variety selection Amount and distribution of rainfall, average temperature, relative humidity. 168  50.1 71  53.8 97  47.8 
Changing cropping patterns Average temperature, length of the growing season, number of rainy days. 121  36.1 43  32.6 78  38.4 
Harvesting time decisions Cessation of the rains, number of rainy days, and number of dry spells. 70  20.9 32  24.2 38  18.7 
Crop risk management Relative humidity, wind speed and direction, soil moisture content, etc. 34  10.1 10  7.6 24  11.8 
Planting time adjustments Onset of the rains, average temperature, length of the growing season, etc. 107  31.9 37  28.0 70  34.5 
Diseases & pests management Average temperature, relative humidity, number of rainy days, etc. 9  2.7 2  1.5 7  3.4  
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knowledge on climate information and services are critical to guide their 
decision of planting times. Most smallholder farmers received climate 
information that informed their decision on land allocation and prepa
ration at the beginning of the growing season in Kenya (Josephert et al., 
2019) and Burkina Faso (Lugen et al., 2018). Hansen et al. (2019) 
argued that climate services can be used to support the adaptation needs 
of African farmers. 

4.3. Barriers to the uptake of climate information by smallholder farmers 

The successful uptake of climate information is often confronted with 
multiple socioeconomic and cultural barriers. Results from the house
hold surveys and focus group discussions revealed a number of key 
barriers militating against the successful uptake of climate information 
for building the adaptive capacity of smallholder farmers in the study 
communities (Table 6). Key amongst the barriers were inadequate in
formation on seasonal forecast for long-term planning, low accessibility 
of climate information, high levels of illiteracy, misalignment between 
the climate information provided and what is needed by smallholder 
farmers and timeliness of climate forecast/information. Other barriers 
reported included the lack of awareness on climate change, technical 
language used in communicating climate information and mistrust in 
climate information by smallholder farmers. 

About 81% of the study respondents reported that inadequate in
formation on seasonal forecast for long-term planning was a key barrier 
constraining smallholder farmers’ ability to utilise climate information 
(Table 6). A smallholder farmer stated: “it is difficult to plan long-term 
farming practices and take farm management decisions based on daily 
forecasts. We need information on duration of the rainfall and dry spells 
during the season. This will help us to plan our farming activities” (Farmer, 
Focus Group Discussion, Yameriga, October 2019). Climate information 
is produced by GMet and shared through various means to different end- 
users. However, most often, the climate information is delivered through 
daily forecasts and may not be useful for long-term farm management 
decision making by smallholder farmers. The misalignment between the 
climate information provided and the needs of smallholder farmers was 
reported by about 55% of study respondents. A key informant remarked: 
“most often, there is a misalignment between climate information provided by 
national meteorological agencies and the needs of the end users. We usually 
need information on the onset of the rains as well as dry and wet spells during 
the farming seasons. However, these kinds of information are not provided to 
farmers and this is worrying” (Key Informant Interview, Tindongo, 
October 2019). It was reported during focus group discussions that 
farmers need information on the onset of the rains as well as the 
cessation of the rains in order to plan planting and harvesting activities. 

Farmers also need monthly and seasonal climate outlook that can help 
them to make informed decisions on the projected rainfall and tem
perature patterns during the farming season. 

Farmers are unable to use climate information because scientists 
sometimes, presume that the users of climate information think just like 
them and construct their “idealized users” (Bruine de Bruin and Bos
trom, 2013). Scientists end up misunderstanding the needs of end-users 
of climate information (Porter and Dessai, 2017). An extension officer 
stated: “we are interested in the distribution of the rains in the course of the 
season and this information is usually not provided to smallholder farmers. 
This makes it difficult to make important farm decisions” (Agricultural 
Extension Officer, Key Informant Interview, Bolgatanga, 2019). Such 
findings are in consonance with other studies suggesting widespread 
gaps between the climate informational needs of farmers vis-à-vis the 
information services that are routinely provided to farmers (Hansen 
et al. 2011, Lemos et al., 2012). 

These findings resonate with studies in other parts of Africa, sug
gesting that the disconnection between producers and users of climate 
information is a constraining factor for the uptake of climate informa
tion (Sultan et al., 2020; Lemos et al., 2012; Ouedraogo et al., 2018). To 
overcome challenges related to misalignment, climate information 
should be co-produced with the end-users. This will ensure the appre
ciation and ownership of such information and enhance the propensity 
for farmers to utilize such information for critical farm management 
decisions. Co-produced climate information ensures an inclusive, 
collaborative and flexible process (Vincent et al., 2018). When farmers 
are sidelined in the production of climate information, their concerns 
and needs are not fully taken into consideration, making the uptake of 
such information less attractive to, and useable by farmers. 

High illiteracy levels is also a key factor constraining farmer’s uptake 
of climate information in the study communities and this was reported 
by 77% of the study respondents (Table 6). A stakeholder stated: “high 
level of illiteracy amongst farmers in this region is alarming. Many of our 
people do not have formal education and this makes it difficult for them to 
sometimes appreciate and understand climate information (Agricultural 
Development Officer, Navrongo, September 2019). The study commu
nities are characterised by high levels of illiteracy, with majority of 
farmers having no formal education (GSS, 2013). High levels of illiteracy 
is prevalent in the study communities with Kassena-Nankana Municipal, 
Talensi and Bawku West districts having 44%, 58% and 36% illiteracy 
rates, respectively (GSS, 2013). The uptake of information is often 
related to the level of education with those with good education better 
appreciating the use of climate information in making farm management 
decisions. 

Our results also show that farmers have less trust in weather and 

Table 6 
Barriers constraining the uptake of using climate information.  

Reported barriers All (Male and 
Female) 

Female Male Difference  

% SE % SE % SE % SE T-value 

Not sure how to get this climate information  55.0  0.248  54.5  0.249  55.3  0.248 − 0.8  0.0432 − 0.560 
Not clear how this information can be used to help with farming  49.9  0.251  47.7  0.251  51.2  0.251 − 3.5  0.0560 − 0.625 
Don’t trust weather forecasts/information  42.7  0.245  40.2  0.242  44.3  0.248 − 4.1  0.0553 − 0.755 
The information is difficult to understand (technical language)  54.0  0.249  47.0  0.251  58.6  0.244 − 11.6**  0.0557 − 2.098 
Misalignment between the climate information provided and what is needed by farmers  54.6  0.249  47.0  0.251  59.6  0.242 − 12.6**  0.0556 − 2.281 
Sociocultural norms related to the use of climate information  33.1  0.222  25.0  0.189  38.4  0.238 − 13.4***  0.0523 − 2.568 
Lack of reliability of climate forecast/information  63.0  0.234  50.0  0.252  71.4  0.205 − 21.4***  0.0529 − 4.054 
Timeliness of climate forecast/information  64.8  0.229  59.1  0.244  68.5  0.217 − 9.4*  0.0533 − 1.760 
Vagueness of climate information  52.8  0.250  44.7  0.249  58.1  0.245 − 13.4**  0.0555 − 2.420 
High illiteracy levels amongst smallholder farmers  76.8  0.179  77.9  0.173  76.0  0.183 1.9  0.0364 0.562 
Lack of awareness of climate information  74.6  0.190  73.4  0.196  75.4  0.186 − 2.0  0.0380 − 0.865 
Low accessibility of climate information (lack of TV, radios etc.)  78.2  0.171  77.0  0.178  79.0  0.167 − 2.0  0.0361 − 0.583 
Inadequate information on seasonal forecast for long-term planning  80.9  0.155  77.5  0.175  83.2  0.140 − 5.7  0.0348 − 1.484 

Note ***, **, and * respectively, denote significant levels of 1%, 5%, and 10%. 
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climate information (Table 6). A farmer provided a characteristic 
remark: “most farmers do not trust weather information because some in
formation conflict with that disseminated by agents. Most farmers do not have 
any trust in the climate information provided on radios and television because 
of previous experiences” (Farmer, Focus Group Discussion, Vunania, 
September 2019). Lack of trust in climate information can be attributed 
to past experiences of smallholder farmers relating to inaccurate pre
dictions by the national meteorological agency. In Ghana, Kabobah et al. 
(2018) stated that farmers received early-warning weather information 
but its utilization was minimal due to mistrust, as previous information 
had been inaccurate and had led to over- and under- cultivation of crops. 
Forecast information are usually given for large regions of the country 
and if such forecasts are not realised by particular areas, farmers become 
sceptical about subsequent forecasts. Therefore, there is the need to 
change the way national meteorological services produce and present 
seasonal forecasts regionally and nationally (Hansen et al. 2019). 

About 54% of the study respondents also reported that forecast in
formation are mostly communicated in technical terms not easily un
derstood by smallholder farmers (Table 6). Participants at focus group 
discussions and key informants bemoaned the technical language used 
in communicating climate information. A focus group participant indi
cated: “the information provided to farmers on radio and television is 
difficult to understand. The use of jargons, terminologies and foreign lan
guages instead of the local ones result in misunderstanding of weather in
formation by farmers. Most radio programs are conducted in the English 
language and most of our farmers do not understand the English language” 
(A Farmer, Focus Group Discussion, Telli, October 2019). An extension 
agent remarked: "it is difficult to decode the language used in forecasting 
climate information. We sometimes, struggle to find appropriate local lan
guage to translate technical jargons into local languages for easier compre
hension by the smallholder farmers. This limits the usability of such climate 
forecast” (Extension Agent, Key Informant Interview, Bolgatanga, 
October 2019). Illiterately levels are very high in these communities and 
this calls for innovative and easy to follow approaches of communicating 
climate information to smallholder farmers who badly need such in
formation. Climate information becomes more accessible and usable 
when such information is delivered in the language easily understood by 
the end-users (Dilling and Lemos, 2011). It is therefore more useful 
when information is delivered in the local dialect for easy comprehen
sion by farmers. Nyantakyi-Frimpong (2019) examined climate infor
mation service delivery and knowledge flows among smallholder 
farmers in northern Ghana by employing a participatory diagramming 
approach. He identified several structural barriers to acquiring climate 
information services including technicalities associated with climate 
forecasts presented to farmers with no formal education. 

Results from the t-test showed a statistically significant difference 
between the barriers to the uptake of climate information reported by 
male and female farmers (Table 6). For instance, male smallholder 
farmers are likely to experience difficulties relating to technical lan
guage of climate information (Difference = -0.116, SE = 0.0557, p < 
0.05), misalignment between the climate information provided and 
what farmers need for farming (Difference = -0.126, SE = 0.0556, p < 
0.05) and vagueness of climate information (Difference = -0.134, SE =
0.0555, p < 0.05). Other perceived barriers that demonstrated signifi
cant difference between male and female farmers included a lack of 
reliability of climate forecast/information (Difference = -0.214, SE =
0.0529, p < 0.10) and sociocultural norms related to the use of climate 
information (Difference = -0.134, SE = 0.0523, p < 0.001). These re
sults corroborate the findings of Antwi-Agyei et al. (2014) who observed 
that sociocultural norms serve as barriers to adaptation to the threats 
posed by climate change. 

Our results showed that, men generally have a strong perception of 
barriers to climate change information access relative to the women. In a 
patriarchal society where women work more than men; but have less 
control and access to capital assets including climate information re
ceptors, male farmers are more likely to access climate information. 

Intuitively, male farmers are more likely to become aware of perceived 
barriers and challenges to access and use of climate information than 
their female counterparts. Thus, gender norms and expectations as well 
as patriarchal values can be implicated and largely blamed for a lack of 
access to and uptake of climate information services. 

5. Conclusions 

This study sought to evaluate the opportunities and barriers to the 
increased uptake of climate information by smallholder farmers in the 
Sudan savannah agro-ecological region in northern Ghana. The results 
indicated that more than a third of study respondents (40%; n = 555) in 
this vulnerability hotspot were not receiving any kind of climate infor
mation. This has serious repercussions for food security of smallholder 
farmers whose livelihoods are dependent on rain-fed agricultural sys
tems. Findings suggested that the majority of those receiving climate 
information were receiving information on rainfall (91%; n = 335) with 
fewer indicating that they received information on temperature (21%) 
and windstorms (26%). Radio was reported as the key medium for 
receiving climate information, followed by mobile text messages and 
workshops. Results further indicated that both male and female farmers 
reported using climate information for important decisions including 
land preparations (79%), crop variety selection (50%), changing crop
ping patterns (36%), and harvesting time decisions (21%). Others also 
employed climate information for planning planting time (32%) and 
managing crop risks (10%). 

Despite the utility of climate information to direct and guide adap
tation practices towards climate change and national development, 
findings show that the successful uptake of climate information remains 
confronted with multiple socioeconomic and cultural barriers in West 
Africa. Key barriers militating against the successful uptake of climate 
information for building the adaptive capacity of smallholder farmers 
include inadequate information on seasonal forecast for long-term 
planning, low accessibility of climate information, high levels of illit
eracy in the study communities, lack of awareness on climate change, 
timeliness of climate forecast/information, mistrust in climate infor
mation by smallholder farmers, and misalignment between the climate 
information provided and what is needed by farmers. 

Appropriate training programmes need to be implemented by envi
ronmental and agricultural planning bodies to reduce barriers, which 
limit the diffusion of climate services as practical tools for supporting 
decision-making processes. Training initiatives, managed by the Ghana 
Meteorological Agency and international organizations including the 
World Meteorological Organization Training Centres should be targeted 
in building the capacities of agricultural extension workers for more 
effective and tailored communication of climate information to different 
user groups. This will provide a possible strategy to overcome the bar
riers to the adoption of climate services, and facilitate the delivery of 
new information tools and deeper awareness on climate change. 

The study proposes the following recommendations: (i) forecast in
formation should be communicated in local language so that it is easily 
understood and appreciated by smallholder farmers; (ii) climate infor
mation should be linked to agricultural practices for smallholder farmers 
to appreciate the usefulness of such information; (iii) climate informa
tion should be co-produced with farmers and where possible, integrated 
with the local indigenous knowledge. Communication of climate infor
mation should also be directly linked to agronomic advice to make such 
information usable by smallholder farmers. 

Findings from this study provide important insights for policy 
makers and agricultural planning officers and institutions such as the 
Ministry of Food and Agriculture, the Ghana Meteorological Agency as 
well as the Environmental Protection Agency to address the barriers 
militating against the successful uptake of climate information to build 
the adaptive capacity of farmers in Ghana. There is the need to provide 
improved communication infrastructure as part of the National Frame
work for Climate Services. Training should be provided for staff of 
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Ghana Metrological Agency and extension officers of the Ministry of 
Food and Agriculture for more effective and tailored communication of 
climate information to different user groups. 
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