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A B S T R A C T   

Seventy percent of smallholder farmers in Africa depend on rainfed farming systems, making them vulnerable to 
climate variability and extremes. Climate information services (CIS) adoption by smallholder farmers in Africa 
presents a promising solution for adaptation to climate variability. This paper unravels the complexities around 
climate services for smallholder farmers and explores opportunities to tailor CIS for the resources of smallholder 
farmers. We use a systematic literature review approach to assess how the human, social, physical/technical, 
natural and financial capitals may affect awareness, access and use of CIS by smallholder farmers. The study is 
based on 33 papers from Africa. Majority of the studies gave emphasis on education, information communication 
and technology literacy levels and advisory services as influencing CIS access, use and uptake. The results 
highlight that better resourced smallholder farmers have higher access and are more likely to adopt CIS. The 
human capital emerged as an important component of CIS adoption as it directly determines how the farmer 
makes decisions on the farm. The natural capital determines the specific preference for CIS when the financial 
and economic capitals enable farmers acting according to the information received. The social capital provides a 
basis for farmers to benefit from compounded resources. Thus, the livelihood resource capitals of the target 
farmers must be considered in CIS information production and dissemination to improve the chances of CIS 
adoption by vulnerable groups that is illiterate, women, elderly, farmers in agroecological zones prone to climate 
extremes and poorly resourced farmers.   

Introduction 

Over the last few decades, observable shift in climate patterns have 
been noted, including changes in temperature across the globe and 
increased occurrences of weather-related disasters (Masson-Delmotte 
et al., 2021; Thomas and Lopez, 2015; WMO, 2021). Effects of climate 
variability have great impact on agricultural production systems espe-
cially those that are rainfed (Conde et al., 2006; Fellmann, 2012; Ray 
et al., 2015). The frequent occurrence of droughts, floods and dry spells, 
coupled with a shift in starting and ending times of agricultural seasons 
across the globe is causing tremendous yield losses putting countries at 
risk of famine (WMO, 2022). Rainfall variability culminate in agricul-
tural water scarcity principally in Africa where 94.5 % of the 

agricultural activities are rainfed (Abrams, 2018; Lemi and Hailu, 2019). 
Wani et al., (2009), mentions that there is a correlation between water 
stress and poverty prevalence. In developing countries, crop yield under 
irrigation is 50 % higher than that of rainfed crops, indicating that 
farmers who rely on rainfed agriculture are at great risk of crop failure 
(Jaramillo et al., 2020; Wani et al., 2009). Climate variability causes it to 
be difficult for the farmers to plan agricultural activities from planting to 
post harvest and planting choice of cropping pattern each season 
reducing productivity (Hordofa and Yazew, 2023). 

Smallholder famers produce a third of the world’s food (Lowder 
et al., 2021). In Africa, 70 % of the population rely on smallholder 
farming (Biteye, 2016) based on rainfed agriculture. Hence a large 
proportion of global population is exposed to an increased risk to food 
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insecurity as a result of climate variability. Smallholder farmers require 
sustainable adaptation strategies that assist them to offset the effect of 
environmental and biological stressors which surfaces as a result of 
climate variability (WMO, 2022). This makes the smallholder farmer a 
key target for climate information services as a resilience building tool 
against climate variability. 

In the recent past, global efforts have been made to find ways to 
adapt to climate variability through the provision of climate information 
services to farmers. The World Metrological Organization in 2009 
formed the Global Framework for Climate Services bringing together 
governments, researchers and service providers to map a policy frame-
work for the coordination of climate services at a national, regional and 
global level (WMO, 2011). Climate information services involve the 
transformation of climate related data into products and information for 
decision making in various organizational settings of the society 
(Directorate-General for Research and Innovation (European Commis-
sion) et al., 2015). The products can be in form of forecasts, projections, 
agronomic advice, rainfall trend analysis, early warning services and 
sustainable approaches (Warner et al., 2022). The most popular type of 
climate information service distributed is the early warning which was 
triggered by frequent occurrences of droughts and floods in the past two 
decades (WMO, 2020). 

Promoting CIS as an intervention to mitigate the effects of climate 
variability requires understanding smallholder farmers and farm char-
acteristics, then actively involving them in the design and targeting of 
CIS (Carr et al., 2020). A number of studies have been conducted on 
Awareness (Knowledge or perception of CIS), Access (obtaining CIS via 
different channels of communication), Use (application of climate in-
formation in farm management decisions), Value (benefits or importance 
attributed to CIS by farmers (Tall et al., 2018)), and Uptake (adoption of 
CIS as an integral component of farm decision making in climate 
adaptation) (Birachi et al., 2020; Bullock and Katothya, 2022; Tarchiani 
et al., 2021). Research on production of tailored CIS mainly focus on the 
needs of the farmers (Nkiaka et al., 2019). Nevertheless, Carr et al. 
(2020) mentioned that it may not be possible for farmers who have 
never been exposed to CIS or who have little knowledge on CIS to be able 
to articulate their information needs. Studying the factors that promote 
uptake and use of CIS is therefore fundamental in developing a profile of 
CIS that is adaptable to farmers. In a recent literature review, Warner 
et al. (2022) detailed 22 factors influencing the use of climate infor-
mation services for agriculture under three thematic areas which are i) 
demographic socio- cultural, ii) programming mechanisms (CIS program 
design and quality) and iii) institutional support and community 
resource allocation factors. However, it is necessary to understand how 
all the livelihood assets of the smallholder farmers in Africa influence 
the adoption of CIS. 

Smallholder farmers generally have fewer asset resources at their 
disposal (Rapsomanikis, 2015). The sustainable livelihood approach is 
used to understand the elements that improve or diminish the livelihood 
opportunities providing an evaluation going beyond the individual’s 
resource map to the farm structure (Quandt, 2018; Serrat, 2017; Ulukan 
et al., 2022). This approach can be used to assess how agricultural 
technologies fit into the livelihood strategies of households or in-
dividuals (Adato and Meinzen-Dick, 2002). An emphasis is made on the 
combination of financial, natural, physical, human and social resources 
in a particular setting, determining the combination of livelihood stra-
tegies that farmers implement and their outcomes (Serrat, 2017). The 
role of the institutions and social structures in supporting the imple-
mentation of the strategies is of major importance. 

This study reviews existing literature to assess how the human, so-
cial, technical, and financial capitals may affect awareness, access, use, 
value, or uptake of CIS by smallholder farmers. The focal point of the 
study is on the African countries. The study uses a systematic literature 
review approach to address the research objective. 

Methodology 

The systematic literature review method was selected to address the 
research objectives. Specifically, the research followed the Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 
guidelines which set out steps for synthesis of existing literature while 
maintaining a high level of scientific integrity, transparency and 
reproducibility of the results (Page et al., 2021). 

Search 

The literature search was conducted in two journal databases, Scopus 
and Web of Science to broaden the scope of the search. The objective of 
the search was to understand the livelihood assets that contribute to the 
adoption of CIS (including awareness, access and use). The search terms 
were selected firstly to include all the various types of CIS (forecast, 
weather, agroclimatic information, forecast, weather, rainfall). Sec-
ondly, terms related to the study objective (smallholder, farm), and 
lastly the type of scientific studies on the topic of CIS (impact, evalua-
tion, assess).The specific key words used in the search were “Climate 
services”, “Climate information”, “Agroclimatic information”, “Fore-
cast”, “Weather”, “Rainfall”, “Farm”, “Smallholder”, “Impact”, “Evalu-
ation”, “Assess” and the search was limited to peer-reviewed research 
and review articles forming the following equation: 

(TITLE ((“climate service*” OR “climat* information” OR “agro-
climatic information” OR forecast* OR weather OR rainfall) AND (farm* 
OR smallholder*)) AND ABS ((impact* OR assess* OR evaluat*))) AND 
(LIMIT-TO (DOCTYPE, “ar”) OR LIMIT-TO (DOCTYPE, “re”)) 

The “*” used to identify the words with the same stem in either the 
title or abstract and the search was limited to document types “ar’ ar-
ticles and “re” reviews. The total number of articles that were retrieved 
from both databases was 523 and after the removal of duplicates, 302 
unique articles were subjected to the abstract screening. 

Screening 

The criteria for inclusion of articles into the study was 1) Articles 
documenting the design and implementation of climate/weather infor-
mation services in agriculture, 2) Articles addressing user awareness or 
access or value or uptake or use or impact of CIS 3) Articles including a 
description of the target population and the farm settings. The screening 
was not based on the research methodologies and study designs. A total 
of 69 articles were selected for full text screening. Thirty-three articles 
were selected as eligible for the study; these were studies that included a 
description of the targeted population and the farm settings. However, 
the study focused on 21 papers from Africa shown in Fig. 2 and 12 pa-
pers from Asia, North and South America were used as supporting evi-
dence in the discussion. Fig. 1 shows the detailed screening process of 
the articles. Afterwards, the snowball method (Sayers, 2007) whereby 
we looked for relevant articles cited in the 21 papers from Africa was 
then employed. This ensured that we capture most of the relevant 
literature in our study to support arguments in the discussion. An 
additional 12 papers from Africa were included from the snowball 
method shown in Appendix 3. 

The list of publications selected for the study is provided in the Ap-
pendix 2. 

Data extraction and analysis 

According to Jacobs et al. (2016), a household is supposed to have a 
balance of the five capital resources in order to maintain adaptive ca-
pacity which is the ability to withstand the impact of climate change. In 
this case to increase chances of adoption of CIS for making decisions on 
the farm, we assessed how the presence or absence of the attributes of 
the five capital resources plays a role in awareness, access, use, and 
uptake of CIS as an integral part of the farming system. 
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The farm and farmer characteristics identified from the papers were 
classified under the five livelihood capital resources. Table 1 highlights 
the main component generally associated to each capital resource based 
on studies focusing on the sustainable livelihoods’ framework. The table 
also describes the specific criteria we used to classify the resources based 
on the farmer and farm attributes in the reviewed papers, 18 farm and 
farmer attributes were considered. 

The financial and physical capitals were merged due to the similar-
ities following Scoones (1998) in the analysis. 

The selected articles were then reviewed, extracting information on 
region of study, type of climate information, and the attributes pre-
sented in Table 1 with regards to their effect on awareness, access, or use 
and CIS. The information was extracted into Excel for data analysis 
(descriptive statistics). CorText (https://www.cortext.net/) was used for 
network mapping of the most occurring terms in the reviewed articles 
using the title, abstract and keywords. 

Results and discussion 

Attributes of the reviewed papers 

The articles used in the literature review gave emphasis on climate 
change, climate forecasts, climate information production, 

dissemination and the focus on subsistence farming as shown in Fig. 3. 
The network mapping pointed out important themes and indicators 
under three livelihood capitals; human capital – emphasis on level of 
education and ICT (information communication and technology) liter-
acy, indigenous knowledge, attitudes, social capital – advisory services 
and natural capital – farm size, farm management. 

In most of the studies, farmers received short term weather forecasts 
ranging from daily to 2–7 days forecast and seasonal climate forecasts 
Fig. 4; (Chiputwa et al., 2020; Muema et al., 2018; Muita et al., 2021; 
Ncoyini et al., 2022). Most farmers were interested in receiving infor-
mation on the start and cessation session of the rainfall season in addi-
tion to the expected amount of rainfall for the season (Nyadzi et al., 
2019; Sutanto et al., 2022). 

The five livelihood capital resources affecting CIS adoption 

It was of interest to understand how different capital assets small-
holder farmers possessed influenced their awareness, access, use and 
finally uptake of CIS within the different studies. A summary table of 
farmer attributes discussed under the five capitals is found in Appendix 1 
showing the different types of CIS provided for each study. 

Fig. 1. PRISMA flow diagram showing selection and screening process of the articles included in the review (Page et al., 2021).  
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Fig. 2. The map of showing countries included in the study (Diagram be published in colour).  
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Human capital 
The synthesis shows that the human capital which consists of age, 

farming experience, prior exposure to climate risks, education level, 
household size and gender determines how a farmer become aware of, 
access, use and adopt CIS. The human capital directly influences how the 
farmer makes decisions hence education increases the chance of adop-
tion of CIS (Anang et al., 2020). We looked closely at each of the com-
ponents of the human capital: 

Age, Farming experience and prior exposure to climate shocks 
The age of the famer was observed to markedly influence access and 

use of CIS positively or negatively depending on the community, 

education level and farming experience of the farmers. Muema et al. 
(2018), in a study conducted in arid and semi-arid regions of Kenya, 
highlighted that the age of the farmer is correlated to reduced access to 
climate services. As the age of the farmer increases so does the farming 
experience, leading to a lesser dependency on climate services (Muema 
et al., 2018). Older farmers generally have a good appreciation of 
indigenous knowledge indicators (Gbangou et al., 2020; Kolawole et al., 
2014). In contradiction, in a study done in Clarendon, Jamaica, Buck-
land and Campbell (2021) found that older (greater than 50) and middle 
aged (30–49) farmers were more aware and had greater access to CIS 
compared to young farmers. This was due to the fact that older farmers 

Table 1 
Components of five capitals of the Sustainable Livelihoods Framework.  

Type of capital Components from the literature Attributes considered in the synthesis Reference 

Natural Farm size, annual rainfall, herd size, water resources, soil 
fertility, grazing resources, land quality and quantity 

Farm size, farming systems, crop species, agro- 
ecological zone 

Campbell et al., 2001; Erenstein, 
2007 

Financial/ 
Economic 

Savings, credit societies, state transfers, remittances, farm size, 
heard size 

Access to capital, credit, subsidies, hired labour, off 
farm activities 

Adato and Meinzen-Dick, 2002; 
Erenstein, 2007 

Physical Household assets, agricultural implements, infrastructure, 
technology and communication 

Ownership of communication gadgets Adato and Meinzen-Dick, 2002; 
Campbell et al., 2001 

Human Skills, labour, education, female literacy, knowledge Age, farming experience, household size, education, 
gender, exposure to prior climate shocks 

Adato and Meinzen-Dick, 2002; 
Erenstein, 2007; Scoones, 1998 

Social Social networks, affiliation, cooperative societies, leadership, 
ethnic networks 

Group affiliation, extension services Erenstein, 2007; Scoones, 1998  

Fig. 3. The most occurring terms in the 33 articles included for the literature review (Diagram be published in colour).  
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were likely to be part of institutions and more elderly people were likely 
to be committed to farming as a livelihood source. In the same study, 
they showed that younger farmers were more likely to use online forms 
of CIS than older farmers despite their higher access and awareness. The 
age of the famer coupled with low literacy level may hinder the desire to 
learn and understand information communication technologies (Alant 
and Bakare, 2021).The findings of Alidu et al. (2022), in a study con-
ducted in Ghana shows that middle aged (approximately 40 years old) 
farmers who also had more years of education had better access to 
climate information and would implement climate adaptation strate-
gies. Older farmers were also shown to not value CIS due to improved 
farming experience, however training achieved positive results (Papar-
rizos et al., 2021a). 

Farming experience gained over a period of time in the same location 
causes the farmer to rely more on their own knowledge as they perceive 
that the scientific forecast sources are inaccurate (Antwi-Agyei et al., 
2021b; Chisadza et al., 2020; Kabobah et al., 2018). A low degree in 
reliability, accuracy, timeliness and inequitable distribution of weather 
and climate forecasts translate to reduced confidence in the information 
hence low uptake (Antwi-Agyei et al., 2021b; Jiri et al., 2016; Ziervogel 
et al., 2005). Older farmers with low education level and more farming 
experience mostly rely on indigenous knowledge as compared to sci-
entific forecasts (Kolawole et al., 2014; Muema et al., 2018). Never-
theless, the shift in the seasonality and frequent occurrences of droughts 
are causing farmers to turn to scientific forecasts (Jiri et al., 2016; Partey 
et al., 2020). In most of the articles reviewed, older farmers were low 
users of CIS than younger farmers attributed to their farming experience 
(Antwi-Agyei et al., 2021a; Muema et al., 2018). In contrast, some 
studies show that increased farming experience enhances use of CIS due 
to improved knowledge (Antwi-Agyei et al., 2021a; Djido et al., 2021). 

Prior exposure to drought conditions reduced the likelihood of 

utilizing CIS by 15 percent due to lack of confidence in CIS and also a 
shift from concentrating on farming as the only source of livelihood in 
the case of Machakos county in Kenya (Muema et al., 2018). 

Education 
The consideration of the education level is important in the design of 

CIS in Africa as it determines how the farmer perceives and understand 
the information related (Partey et al., 2020). Education improves the 
farmer’s ability to seek for information and participate in agriculture 
extension activities (Anang et al., 2020).The more literate farmers were 
more skilled in using weather and climate tools such as phone applica-
tions and rain gauges compared to farmers with lower literacy (Gban-
gou, 2020). As a result, the literate farmers have better access to 
information through various channels and can utilize the information. 
Higher levels of education allow farmers to adopt CIS and its technol-
ogies (Kumar et al., 2020; Muita et al., 2021). Education was also noted 
to be an important factor in determining use and perception of CIS 
(Austen et al., 2002; Chiputwa et al., 2022; Djido et al., 2021). Buckland 
and Campbell (2021) highlighted that all the farmers in the study area 
who were using modern media had attained secondary level of educa-
tion showing the significant role of education in CIS access and use. In 
contrast, research conducted in Botswana revealed that in some com-
munities, indigenous forecasts (knowledge from local cultural observa-
tions (Roncoli et al., 2002)) are most preferred because they are easy to 
understand and no formal education is required in the interpreting the 
forecasts (Kolawole et al., 2014). Low literacy level creates difficulties in 
accessing information particularly due to language barriers, lack of 
understanding and inability to access information shared online (Cinco 
et al., 2020; Kumar et al., 2020; Ncoyini et al., 2022). The language 
barrier has also been reported as crippling the rapid delivery and use of 
climate information (Antwi-Agyei and Stringer, 2021). Education and 
training had a positive influence on the value farmers give to CIS 

Fig. 4. Summary of the type of Climate Information distributed to farmers in the reviewed papers.  
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(Lechthaler and Vinogradova, 2017; Paparrizos et al., 2021a). 
Education was a key characteristic which influenced awareness, ac-

cess, use and uptake of climate information (Alidu et al., 2022; Oyekale, 
2015). Hence, Tall et al. (2014) suggested that weather information 
must be accompanied by decision making information which is explic-
itly articulated in a language that is understandable for users. Dayamba 
et al. (2018) also proposes that the use of participatory approaches to 
raise awareness and to disseminate climate information can overcome 
this barrier. 

Gender 
In Africa, ownership of resources is influenced by the patriarchal 

norms, this reduces the chances of female famers having access and use 
to CIS due to limited capital resources (Amenyah and Puplampu, 2013; 
Antwi-Agyei et al., 2021a; Warner et al., 2022). Females farmers had a 
notable lower usage of CIS in the reviewed articles (Buckland and 
Campbell, 2022; Henriksson et al., 2021; Oyekale, 2015). Henriksson 
et al. (2021) pointed out that twice as much women than men did not 
have access and did not use CIS in a study conducted in Malawi, as 
similarly observed by Oyekale (2015) in a baseline survey conducted in 
East and West Africa. Furthermore, they were observed differences in 
the preferred channels of receiving CIS. Women preferred to receive 
information through village leaders, extension officers, out grower 
management and SMS whilst men preferred SMS, internet, newspapers 
and mobile applications (Henriksson et al., 2021; Oyekale, 2015). 
However, Muema et al. (2018) in a study in Kenya also noted that female 
headed households had a higher chance of utilizing CIS in comparison 
with male headed households. This may be accounted for by the fact that 
there is a higher percentage of women in farming rural communities in 
the study area. Additionally, in another study women had the re-
sponsibility of identifying indigenous knowledge bio-indicators within 
their environment (Muita et al., 2021). The different household roles 
and cropping strategies of man and women also determine the type of 
information both genders require (Carr and Owusu-Daaku, 2016). In a 
study by Ngigi and Muange, 2022, due to gender preferences, men 
required information on rainfall patterns and women required infor-
mation on local specific forecasts for their decision making. 

Improving equity of CIS by providing channels of information that 
are readily accessible to both genders can improve the uptake of infor-
mation (Gumucio et al., 2018; Tall et al., 2014a). Considering gender 
roles, cultural structures and education levels within a community can 
aid the CIS providers in designing the best dissemination channels which 
are context specific. 

Household size 
Household size translates to the readily available family labour 

within smallholder farming systems (Rapsomanikis, 2015).The house-
hold size proved to influence access of CIS information. The bigger the 
household size, the greater the likelihood of accessing CIS (Muema et al., 
2018). Smaller families have a low chance of accessing CIS. Ndamani 
and Watanabe (2016) outlines that larger households are more likely to 
employ adaptation strategies to climate change due to the presence of 
unpaid family labour. A large household presents a greater opportunity 
to access and share CIS, however there are also increased chances of 
misinformation (from non-official sources) resulting in failure to use the 
CIS (Ngigi and Muange, 2022). 

Natural capital 
The natural capital focused on the agroecological zone, nature of 

crop and livestock grown on the farm, and farm size. The agroecological 
zone of the farmer shapes how they perceive and use CIS (Carr and 
Owusu-Daaku, 2016).The farm size is generally linked to land access. 
Smallholder farmers are affected by unsecure land rights and own 
smaller land sizes. This has a negative effect on the use and uptake of CIS 
(Ofori-Kyereh et al., 2023; Partey et al., 2020). 

Agro-ecological zone 
The agro-ecological zone plays a role in influencing the farmers’ use 

and uptake of CIS. Farmers in rainfed arid and semi-arid regions are 

more aware, use and value CIS more than farmers in humid regions due 
to increased risk of crop failure (Carr and Owusu-Daaku, 2016; Muita 
et al., 2021; Ouedraogo et al., 2022). Farmers perceptions to CIS are 
based upon previous experiences of climate extremes and their local 
conditions (Guido et al., 2020), hence the need to improve the temporal 
(onset and cessation of rain season) and spatial resolution of forecasts on 
a field scale (Chisadza et al., 2020). 

Farming systems and animal and crop species 
The specific nature of cropping and livestock systems tightly linked 

to the agroecological zone was found to influence awareness, access and 
use of CIS. Vegetables farmers (short cycle crops) were 16 times more 
likely to be aware and access CIS from the radio and television compared 
to long term crops (avocado, coconut, bananas, yams) (Buckland and 
Campbell, 2021). Increased potential use of CIS was also recorded on 
vegetable, fruit producers and row crop farmers (Templeton et al., 
2018). Root crop farmers had the lowest CIS uptake. Austen et al. (2002) 
also noted differences in use of CIS by farmers in the three different 
locations in South-east Australia depending on their product line. 
Introduction of new or a change in crop varieties and crop species 
planted by farmers may also prompted the use of CIS (Crane et al., 
2010). Farmers’ decision making is also usually linked to specific growth 
stages of a particular crop (Nyadzi et al., 2019). Livestock farmers 
preferred a combination of indigenous forecasts and scientific forecasts 
compared to crop farmers (Nkuba et al., 2020). Particularly the livestock 
farmers use the information to select adaption strategies such as des-
tocking in the event of climate extremes. Crop farmers with crops such as 
cereals which are sensitive to water stress are less tolerant to inaccurate 
forecasts. This causes low uptake in the event that the forecasts received 
by farmers has a low level of accuracy (Nkuba et al., 2020). 

Ouedraogo et al. (2022) suggested that CIS providers provide crop 
specific and livestock advisory services that target agroclimatic regions 
and specific crops grown in the communities to enhance the uptake of 
CIS. Farmers can benefit more from forecasts which assists them to make 
decisions on their specific farming enterprise. Livestock or crop specific 
information reduces the probability of losses and increases reliability of 
the information. 

Farm size 
Farm size tends to have a positive influence on access to CIS, larger 

farms had increased access to CIS (Muema et al., 2018; Oyekale, 2015) 
due to the magnitude of loses (Onyeneke et al., 2023). Furthermore, 
larger farms have an increased capacity to adjust farm activities ac-
cording to the climate information. Bigger farms are more likely to adopt 
climate change mitigation practices while maintaining their profitability 
(Ogisi and Begho, 2023). However, Amegnaglo et al. (2017) observed a 
negative relationship between farm size and uptake of CIS on the farm 
which he attributed to increased diversification on bigger farm which 
acts as a buffer to climate variability. Coffee farmers with bigger farm 
size placed more value on CIS as compared to those with smaller sizes 
(Lechthaler and Vinogradova, 2017). This emphasizes the importance of 
the farm size and enterprise on the use of CIS. 

Social capital 
The social capital resources which in this case consisted of group 

affiliations and access to agriculture extension officers play an important 
role in the adoption of sustainable farming practices which in this case is 
the CIS. They facilitate the adoption of CIS and enable sharing of the 
other four capital resources (Dapilah et al., 2019; Jacobs et al., 2016). 
The social capital is key in how the smallholder farmers perceive, access 
and use the CIS through interactions with other farmers, trainings and 
contact with agriculture extension. 

Group affiliation 
Affiliation to a group increased the likelihood of accessing and up-

take of CIS because social groups promote networking hence access to 
information is enhanced (Chiputwa et al., 2020; Kumar et al., 2020; 
Muema et al., 2018; Ruzol et al., 2020). Buckland and Campbell (2021) 
noted that farmers who are members to a group had a likelihood of 15 
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times more to access CIS than nonmembers through online bulletins. 
Extension workers often engage with farmer groups providing CIS, 
promoting its use and uptake (Buckland and Campbell, 2021). Uptake of 
information is also influenced by the availability of resources to action 
on the CIS which are made accessible through farmer groups and in-
stitutions that pull resources together or have access to external support 
and funding. 

Extension services 
Availability of extension services to farmers greatly influences 

awareness, access, use and uptake of CIS (Satishkumar et al., 2013). 
Extension officers advise farmers on the available sources of information 
and also assist in interpreting the information to farmers (Amegnaglo 
et al., 2017; Buckland and Campbell, 2021; Muita et al., 2021). Access to 
extension services also increases the willingness to pay in contingent 
valuation of CIS implying increased value. On the contrary distrust in 
extension services and communication will result in low uptake and use 
of CIS (Guido et al., 2020; Ncoyini et al., 2022). Face to face sources are 
preferred in some communities because they give assurance of the 
credibility of the information to farmers (Kumar et al., 2020). 

In a study conducted on extension services in Africa, Antwi-Agyei 
and Stringer, (2021) showed that agriculture extension officers were 
often hindered from serving the whole community due to the large 
number of farmers they have to assist. This results in the extension of-
ficers concentrating on well-resourced farms. The agricultural exten-
sionists also require training to improve their capacity to assist farmers 
to access and use CIS in their communities as they influence the farmers 
adoption of CIS (Etwire et al., 2017). Engaging farmers in local farmer 
groups and farmer field schools where they receive information and 
discuss how climate change impacted their productivity, was found to 
favor farmers’ adoption of CIS (Paparrizos et al., 2021b; Rhiney and 
Tomlinson, 2017). 

Financial/economic capital and physical capital 
The financial and physical capital were combined to include access 

to capital, credit, subsidies, hired labour, off farm activities and 
communication gadgets. The synthesis revealed that these resources 
mainly hinder the access to CIS as some farmers have no access to 
communication gadgets or technologies (Muema et al., 2018; Muita 
et al., 2021; Ngigi and Muange, 2022). Furthermore, after access the use 
and uptake of CIS is mainly anchored on these resources (Warner et al., 
2022). The farmer requires credit, labour and the desired farm inputs to 
act on the information (Gitonga et al., 2020; Ngigi and Muange, 2022). 
Farm size denotes the farmers’ financial capital, a bigger land size allows 
the farmer to produce more for profit and also diversify the farming 
enterprises. Hence affect the use of CIS. Some of the smallholder farmers 
in Africa are affected by unsecure land rights and own smaller land sizes 
(Muita et al., 2021). This has a negative effect on the use and uptake of 
CIS (Ofori-Kyereh et al., 2023; Partey et al., 2020). 

Access to capital, credit, subsidies, hired labour, off farm activities, 
ownership of communication gadgets 

Radio, television, mobile phone ownership and in some cases access 
to a community radio station also increase the likelihood of a farmer to 
access and be aware of CIS (Amegnaglo et al., 2017; Muema et al., 2018; 
Muita et al., 2021; Oyekale, 2015). The presence of an external off-farm 
source of income increased the probability to access CIS by 7 percent in 
the study done by Muema et al. (2018). Less resourced smallholder 
farmers that use most of their time looking for food are less likely to 
access CIS (Antwi-Agyei et al., 2021a). The same results were also 
recorded by Buckland and Campbell (2021) showing increased access to 
online platforms by farmers with an alternative source of income and 
farmers with larger land sizes. Total dependency on farming as a source 
of livelihood also had the same effect, as farmers seek to maximize their 
gains. Access to improved seed, subsidized farm inputs, credit, hire la-
bour, land ownership increases access, utilization and value of CIS 
(Amegnaglo et al., 2017; Moeletsi et al., 2013; Ncoyini et al., 2022; 
Nkuba et al., 2020; Vogel, 2000). 

Accessing CIS in most communities require resources such as tele-
visions, radio and mobile phones. However, despite the improved levels 
of acceptance of the mobile phones, access to CIS via mobile phones in 
Africa is still limited. A survey by GSMA (2020) showed that smart 
phone adoption was 45 % in Africa as of year 2019. Furthermore, the 
distribution of the smartphones among the urban and rural populations 
is not balanced making it a less reliable channel to access CIS by farmers 
(Simelton and McCampbell, 2021). This emphasizes the point of raising 
awareness of new technologies including the mobile phones and to 
develop user friendly interfaces in local languages to engage farmers in 
all regions. Simultaneously, information disseminated through the 
traditional media (radio and television) should be more location spe-
cific, accurate and easier to understand as they are the most preferred 
channels of access by most farmers in Africa (Oyekale, 2015; Sat-
ishkumar et al., 2013; Vogel, 2000). Establishment of community radios 
in farming communities across Africa may enhance the use and uptake 
of CIS as an easily accessible channel (Al-hassan et al., 2011; Khan et al., 
2017). 

Practical implications for smallholder farmers 

There is no single best way that perfectly suits all the users but 
climate service providers benefit from having the knowledge of the 
various users and conscientiously design targeted CIS. The five capital 
resources outlined the key idealistic resources that when present, a 
farmer is better positioned to adopt CIS. However, a large number of 
smallholder farmers in Africa may not have all the capital resources at 
their disposal. There are some underserved groups who are in the need 
of the CIS and may be excluded from accessing the information such as 
women, illiterate, families more vulnerable to climate extremes in arid 
agroclimatic zones, the elderly and poorly resourced farmers (Archer, 
2003; Carr and Owusu-Daaku, 2016). Land is generally the most limiting 
resource of smallholder farmers, farmers with smaller farming land area 
and have non-farm-based income have less access to CIS increasing their 
risk to climate variability, yet there are less likely access CIS. Based on 
the sustainable livelihoods approach, CIS design should consider these 
underserved groups when selecting dissemination channels and pack-
aging the information to be accessible to all users. Successful CIS is 
directed at specific users to cater for specific vulnerabilities. 

Provision of CIS on its own is not enough for smallholder farmers in 
Africa to put the information to practical use. Efforts to strengthen the 
social capital and human capital resources of smallholder farmers for 
CIS can be made through the use of participatory methods such as 
Participatory Integrated Climate Services for Agriculture (PICSA) 
(Clarkson et al., 2019; Dayamba et al., 2018). This allows smallholder 
farmers to meet and be trained on the use and interpretation of climate 
and weather forecasts in groups hence social networks are formed 
(Antwi-Agyei et al., 2021a). The social networks also favor sharing and 
regularizing the indigenous knowledge and climate and weather infor-
mation (Kreft et al., 2023; Sprout, 2022). In turn, this bridge the edu-
cation gap, resulting in an increase in the adaptive capacity of the 
farmers to CIS. Taking advantage of the vast experience farmers may 
have on the indigenous forecasts, providing concurrent indigenous 
forecasts with scientific forecasts can cater for the short falls of both 
types of forecast (Roncoli et al., 2001) Partnerships with gender sensi-
tive local organizations can assist in the design of CIS which suits the 
local context of women. 

On improving the physical capital resources of the farmer, National 
Frameworks for Climate Services (NFCS) must ensure the development 
of decentralized weather stations to cater for more accurate and point 
specific information. There is need to improve communication infra-
structure since the radio and telecommunication platforms have become 
the major dissemination channels for CIS. 

National policies that allow farmers to have access to input subsidies, 
insurance services and credit improve the smallholder farmers financial 
resources, leading to adoption of climate change adaptation strategies 
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(Abid et al., 2017; Ruben et al., 2019). Agricultural inputs suppliers 
should be actively involved in raising awareness and distribution of CIS. 
CIS can be bundled with other services and the supply of well labelled 
products such as seed that assists farmers in decision making with 
regards to climate information. Smallholder farmers in remote areas also 
benefit from instore advice from agro-dealers. 

Conclusion 

The review outlined 18 attributes of the farm and the farmer that 
determine awareness, access, use and uptake of CIS, classified under the 
different capital resources namely natural, financial, physical, human 
and social. The farm and farmer attributes that were assigned to the five 
capital resources are not limited only to the 18 discussed in this paper. 

The adoption of climate information services as an adaptation 
strategy to climate variability by smallholder farmers in Africa is key in 
ensuring sustainable farming systems. The five capital resources provide 
a frame of the key idealistic attributes that a smallholder farmer should 
possess to increase their chance of adopting CIS for decision making in 
their farming system. The sustainable livelihoods approach brought to 
attention that CIS are mostly fused to farmers having better resources 
such as access to education, ownership of information communication 
and technology devices, access to off farm income and credit, members 
of groups and have access to agricultural extension officers. This result 
questions the adequacy of the current CIS to smallholder famers 
particularly in Africa. 

Finally, participatory approaches could contribute significantly to 
the social and human capital resources by closing the education gap 
through farmer trainings and group affiliations. Policies to support 

farmers to adapt to climate change can be made by governments that 
allow smallholder farmers to have access to credit and input subsidies 
improving the financial capital resource. 
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Appendix 1. Summary of the attributes of the classified under the five capital resources and their influence on adoption of CIS  

Attributes of the 
five capital 
resources 

Awareness Access Use value uptake 

Age The age group 30–39 yr has 
the relative highest 
awareness and 20–29 yr age 
group has relatively high 
awareness of online CIS 
(Buckland and Campbell, 
2021) 

Farmers above age 50 were less 
likely to use multiple CIS 
Age of HH head is correlated 
with reduced likelihood of 
access to CIS (Muema et al., 
2018; Oyakale, 2015) 

Negatively and inversely 
proportional to ICT 
proficiency (Alant and 
Bakare, 2021) 

Age was negatively 
correlated to WTP, but 
participatory training 
can offset the age effect 
(Paparrizos et al., 2021) 

Uptake is relative to other 
variables. Intergenerational 
gaps in ICT literacy plays a 
role in uptake (Buckland and 
Campbell, 2021) 

Education Increase in education level is 
likely to result in a farmer 
being more aware of 
scientific weather 
knowledge (Kalawole et al., 
2014) 

Probability of accessing 
forecasts increased with 
attainment of education 
(Oyakale, 2015) 

Those who used CIS through 
modern media had a 
secondary-level education 
(Buckland and Campbell, 
2021). Higher education 
levels increased use of CIS 
(Muita et al., 2021) 

Education positively 
influences willingness to 
pay (Paparrizos et al., 
2021) 

Having informal education/ 
illiteracy reduced uptake 
(Muita et al., 2021) 

Gender Some studies show no 
significant differences in 
awareness to CIS by gender. 
Buckland and Campbell 
(2021), however shows that 
it depends on the social 
structures in a community. 

Men had more access to 
weather forecasts than women 
(Oyakale, 2015). 
There are differences in how 
man (newspaper, SMS, 
WhatsApp or internet) and 
woman (community leaders, 
SMS, the out-grower 
management and 
extensionists) prefer to access 
information (Henriksson 
et al.,2021) 

In general females had a 
greater tendency to use 
multiple sources than males 
(Buckland and Campbell, 
2021)Females had low use of 
CIS  
(Buckland and Campbell, 
2021; Henriksson et al.,2021) 
Female HH had a higher 
likelihood of utilizing CIS  
(Muema et al., 2018)Man and 
woman differed in use of CIS.  
(Muita et al., 2021) 

There is no significant 
difference in value of CIS 
between gender 
(Paparrizos et al., 2021) 

Man and woman differed in 
uptake of CIS (based on 
literacy levels and access). 
(Muita et al., 2021) 

Household Size Increase in household size 
increases awareness of CIS 
(Muema et al., 2018) 

Increase in household size 
increased likelihood to access 
CIS (Muema et al., 2018) and 
the opposite was observed in 
East Africa (Oyakale, 2015) 

Bigger households are likely 
to adopt CIS due to presence 
of labour (Muema et al., 
2018)  

Bigger households are likely 
to adopt CIS due to presence 
of labour (Muema et al., 
2018) 

(continued on next page) 
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(continued ) 

Attributes of the 
five capital 
resources 

Awareness Access Use value uptake 

Community/ 
Institution 
Membership/ 
NGOs 

Increased awareness 
(Roncoli et al., 2009) 

Improves access to online 
sources (Buckland and 
Campbell, 2021), increased 
access (Muema et al., 2018; 
Access to multiple sources of 
information e.g early warnings 
(Ruzol et al., 2020). Social 
networks are important in 
accessing IK (Kolawole et al., 
2014) 

Membership to an institution 
influences use of CIS. 
(Chiputwa et al., 2020) 

Membership to a group 
or institution increases 
the value of CIS to a 
farmer (Chiputwa et al., 
2022: Paparrizos et al., 
2021) 

Membership to an institution 
influences uptake of CIS 
positively (Roncoli et al., 
2009: Muema et al., 2018; 
Chiputwa et al., 2020) 

Farming 
experience 

It is positively correlated to 
increased awareness of local 
knowledge (Kolawole et al., 
2014) 

Negatively and inversely 
proportional to ICT proficiency 
(Alant and Bakare, 2021) 

The use of CIS may decrease 
with more farming 
experience (Oyekale, 2015: 
Muema et al., 2018)  

The probability of CIS uptake 
reduces with more farming 
experience (Muema et al., 
2018) 

Farm Size Larger farm sizes had greater 
likelihood of being aware 
(Buckland and Campbell, 
2021) 

Farmers with larger farm sizes 
had greater likelihood of 
having access 
A unit increase in farm size 
increased the likelihood of 
accessing climate information 
services by 2.3 % (Muema 
et al., 2018) 

Increase in size decreases 
likelihood of adoption 
(Amegnaglo et al., 2017 

Positive influence on 
Willingness to Pay 
(Amegnaglo et al.,2017 

Uptake of CIS is greater in 
smaller farms to buffer 
climate variability 
(Amegnaglo et al., 2017) 

Crop Vegetable farmers are more 
likely to be aware of CIS 
(Buckland and Campbell, 
2021) 

Vegetable farmers are more 
likely to access CIS 
(Buckland and Campbell, 
2021) 

Crop variety determines use 
of specific information and 
timing (Nyadzi et al., 2018; 
Nkuba et al., 2020) 

Farmers producing crops 
of higher value tend to 
value CIS more. 

If scientific forecasts are not 
accurate farmers resort to IF 
for their crop management 
(Nkuba et al.,2020) 

Access to 
financial 
capital, and 
land ownership 

Increase probability of 
awareness of CIS (Oyakale, 
2015) 

Access to capital improved use 
of CIS (Muita et al., 2021; 
Oyakale, 2015) 

Increase the use of CIS when 
available (Muema 
et al.,2018), constraint to use 
when unavailable (Vogel, 
2000) 

Access to credit 
increases the WTP 
amount significantly 
(Amegnaglo et al.,2017 

Sharecropping may decrease 
uptake of CIS (Vogel, 2000), 
land ownership enhances 
uptake of CIS (Nkuba et al., 
2020) 

Extension 
services 

Extension services improves 
awareness of CIS (Buckland 
and Campbell, 2021) 

Increases access (Amegnaglo 
et al., 2017: Buckland and 
Campbell, 2021; Satishkumar 
et al., 2013; Ncoyini et al., 
2022) 

Increases Use (Amegnaglo 
et al., 2017: Buckland and 
Campbell, 2021; Satishkumar 
et al., 2013) 

Increases Willingness to 
Pay (Amegnaglo et al., 
2017) 

Increase uptake (Chiputwa 
et al., 2020)  

Appendix 2. Summary of papers included in the literature review  

Author(s) Publication 
Year 

Location Region Type of Study Specific area of 
study 

Type of CIS Farming systems 
employed, Livestock/ 
crops 

Alant, B.P. and 
Bakare, O.O. 

2021 South Africa Africa Case study on smallholder farmer’s 
ICT literacy levels 

Access  subsistence crop farming, 
irrigation cooperatives 

Amegnaglo, C.J. 
et al., 

2017 Benin Africa Economic evaluation of Climate 
services. WTP (willingness to pay) 

Value SCF Cereals, tubers, pulses, 
vegetables and livestock 

Chiputwa et al., 2022 Senegal Africa Impact studies assessment (ex-post) 
CIS mediated by a multidisciplinary 
working group MWG – Target group 
-smallholder farmers 

Impact SCF, WF, 
Agricultural 
advisory 
information 

rainfed rural areas 

Chiputwa et al., 2020 Senegal Africa Assessment of co-production in the 
uptake and use of different weather 
and climate 

Uptake, Use SCF, WF, 
Agricultural 
advisory 
information 

rainfed rural areas 

Gbangou et al., 2020 Ghana Africa Evaluation of co-production, 
usability, usefulness 

Coproduction, 
Use 

Daily weather 
forecast 

conventional (peri urban 
area) 

Guido et al., 2020 Kenya Africa Impacts of seasonal rainfall 
expectations on decision making 

Use WF, monthly 
rainfall forecast 

Maize 

Henriksson et al., 2021 Malawi Africa Assessment on availability, 
accessibility and use of CI (based on 
gender) 

Access, Use Short term SCF Sugarcane (irrigated 
fields) 

Kolawole et al., 2014 Botswana Africa Use of ethno-meteorology and 
scientific weather forecasting 

Uptake, Access, 
Use 

WF, local 
indigenous 
forecast 

75 % rainfed farming, 25 
% flood plains 

Moeletsi et al., 2013 South Africa Africa Use of rainfall forecasts Use SCF, short term 
WF 

rain fed – maize intercrop 
with pulses 

Muema et al., 2018 Kenya Africa Access and utilization of climate 
information by smallholder farmers 
in Kenya 

Access, Use SCF crops (cereals and pulses 
fruit trees, livestock 
rearing. 

(continued on next page) 
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(continued ) 

Author(s) Publication 
Year 

Location Region Type of Study Specific area of 
study 

Type of CIS Farming systems 
employed, Livestock/ 
crops 

Muita et al., 2021 Kenya Africa User needs and perceptions of crop 
farmers, pastoralists, agro- 
pastoralists in relation to seasonal 
and sub-seasonal forecasts. 

Uptake, Use SCF, short term 
WF 

rainfed, crop farmers, 
pastoralists, agro- 
pastoralists 

Ncoyini et al., 2022 South Africa Africa Assessment of access and use and 
impact of CI 

Impact, Access, 
Use 

SCF, daily WF, 
early warning 

conventional-rain fed 
(sugarcane farmers) 

Nkuba et al., 2020 Uganda Africa Influence of Indigenous Knowledge 
and Scientific Climate Forecasts on 
climate adaptation methods 

IKS SCF, short term 
WF 

Arable farming, livestock 
rearing 

Nyadzi et al., 2019 Ghana Africa Matching information needs and 
forecast performance 

Use SCF Rice farmers-under 
irrigation and rainfed 

Ofoegbu, C. and 
New, M. 

2021 Namibia Africa collaboration relations in climate 
information productions 

Co-production SCF, WF, 
intradecadal and 
decadal forecasts 

Crops grown are grains 
(maize, millet, sorghum), 
vegetables and livestock 
rearing 

Oladele et al., 2019 Kenya and 
Ethiopia 

Africa Adoption studies / use (smallholder 
farmers) 

Use SCF, WF, agro- 
advice 

Climate smart agriculture 

Oyekale, A.S. 2015 East and 
West Africa 

Africa Assessment of factors influencing 
access (baseline survey) 

Access SCF, pests 
forecast, agro- 
advice 

not specified 

Sutanto et al., 2022 Ghana Africa Role of soil moisture content in 
developing Climate services 

Access, Use, WF, agro-advice Cereals, pulses, 
vegetables, pepper, and 
livestock rearing 

Tall et al., 2018 Africa Africa Review of evaluation methodologies 
and practices 

Impact  NA (focuses on farmers as 
the end users of CS) 

Vogel, C. 2000 South Africa Africa Assessment of long-term seasonal 
forecasts 

Use, Value SCF maize, sunflower, beans 

Ziervogel et al., 2005 Lesotho Africa Impact of Seasonal climate forecast 
application among smallholder 
farmers 

Impact SCF maize and sorghum  

Cinco et al., 2020 Philippine Asia An assessment on the Usefulness of 
the CI 

Awareness, 
Access, Use 

SCF, short term 
WF, early warning 

Rice, urban gardening, 
organic fertilizer 
production and farm 
mechanization 

Diona et al., 2020 Philippine Asia Economic value of Weather forecasts Value Short term 
weather forecast 

Not specified. Crops of 
interest in the study are 
cereals corn and rice 

Kumar et al., 2020 Bangladesh Asia Role of information in farmers’ 
response to weather 

Access and use SCF, WF, agro 
advice 

Cropping systems – 
paddy, jute sesame and 
vegetables 

Kumar et al., 2021 India Asia Impact assessment of weather based 
agro-advisory services 

Impact SCF, WF, agro- 
advice 

Traditional subsistence 
agriculture, vegetable 
farming 23 types 

Paparrizos et al., 2021 Bangladesh Asia Assessment of value of Climate 
Information Services (WTP)- ex-post 

Value Short term WF, 
agro advice 

Peri urban agriculture 

Ruzol et al., 2020 Philippine Asia Mapping access and use of weather 
information 

Access, Use SCF, WF, early 
warning  

Satishkumar 
et al., 

2013 India Asia Comparison of utilization patterns of 
various channels of weather 
information 

Access SCF, WF Rainfed smallholder farms 

Simelton, E. and 
McCampbell, 
M. 

2021 Southeast 
Asia 

Asia Digital Climate services (literature 
review) 

Access, Use WF, agro-advice NA  

Buckland, S. and 
Campbell, D. 

2021 Jamaica North 
America 

Assessment of factors influencing 
awareness, access, use 

Awareness, 
Access, Use 

SCF, short term 
WF, early warning 

not specified 

Fay Buckland, S. 
and Campbell, 
D. 

2021 Jamaica North 
America 

Agroclimatic services and drought 
risk management 

Awareness, 
Access, Use, 
Uptake 

SCF, short term 
WF, early warning 

yellow yams  

Guido et al., 2018 Jamaica North 
America 

Role of Climate Services Access, Use SCF, short term 
WF 

small scale coffee growers, 
most participants farmed 
plots less than 5 acres 

Lechthaler, F. 
and 
Vinogradova, 

2017 Peru South 
America 

Value of climate services in coffee 
farming 

Value WF, early warning coffee and maize   
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Appendix 3. Summary of papers included in the literature review using the snowball method  

Author Publication year Location Region Type of Study 

Anang et al., 2020 Ghana Africa Adoption and income effects of agricultural extension 
Antwi-Agyei et al., 2021b Ghana Africa Use of climate information 
Jiri et al., 2016 Southern Africa Africa Seasonal climate prediction and adaptation 
Partey et al., 2020 Ghana Africa Climate information use, gender and climate risk management 
Djido et al., 2021 Ghana Africa Adoption of climate-smart agriculture through climate information services 
Warner et al., 2022 Not specific Not specific Use of climate information 
Ngigi, M.W. and Muange, E.N. 2022 Kenya Africa Access to climate information 
Onyeneke et al., 2023 Nigeria Africa Impact of climate information services 
Gitonga et al 2020 Namibia Africa Access, use and impact of climate information services 
Carr, E.R. and Owusu-Daaku, K.N. 2016 Mali Africa Climate services development 
Ofori-Kyereh et al., 2023 Ghana Africa Adaptive capacity to climate variability and change 
Ogisi, O.D. and Begho, T. 2023 Sub-Saharan Africa Africa Adoption of climate smart agriculture  

References 

Abid, M., Ngaruiya, G., Scheffran, J., Zulfiqar, F., 2017. The role of social networks in 
agricultural adaptation to climate change: implications for sustainable agriculture in 
Pakistan. Climate 5, 85. https://doi.org/10.3390/cli5040085. 

Abrams, L., 2018. Unlocking the Potential of Enhanced Rainfed Agriculture. Stockholm 
International Water Institute, Stockholm.  

Adato, M., Meinzen-Dick, R.S. (Eds.), 2002. Assessing the impact of agricultural research 
on poverty using the sustainable livelihoods framework, EPTD Discussion Paper 89. 
10.22004/ag.econ.16074. 

Alant, B.P., Bakare, O.O., 2021. A case study of the relationship between smallholder 
farmers’ ICT literacy levels and demographic data w.r.t. their use and adoption of 
ICT for weather forecasting. Heliyon 7. https://doi.org/10.1016/j.heliyon.2021. 
e06403. 

Al-hassan, S., Andani, A., Abdul-Malik, A., 2011. The role of community radio in 
livelihood improvement: the case of simli radio. Field actions science reports. J. Field 
Actions. 

Alidu, A.-F., Man, N., Ramli, N.N., Mohd Haris, N.B., Alhassan, A., 2022. Smallholder 
farmers access to climate information and climate smart adaptation practices in the 
northern region of Ghana. Heliyon 8, e09513. 

Amegnaglo, C.J., Anaman, K.A., Mensah-Bonsu, A., Onumah, E.E., Amoussouga Gero, F., 
2017. Contingent valuation study of the benefits of seasonal climate forecasts for 
maize farmers in the Republic of Benin, West Africa. Clim. Serv. 6, 1–11. https://doi. 
org/10.1016/j.cliser.2017.06.007. 

Amenyah, I.D., Puplampu, K.P., 2013. Women in agriculture: an assessment of the 
current state of affairs in Africa. 
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