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Climate variability presents significant implications for agricultural production and
overall food security, leading to seeking better access to climate services that
can improve farmers’ decision-making in combating climate change impacts.
The study examined the factors influencing smallholder crop farmers' access
to climate services in Elundini local municipality, Eastern Cape province. The
study adopted a quantitative method using a cross-sectional survey approach.
A multistage sampling procedure was employed to select 217 smallholder crop
farmers. The study used primary data collected through structured questionnaires
and face-to-face interviews. To analyze the data the paper employed a binary
Probit model. The study results indicated that access to both short-term weather
and seasonal forecasts is positively influenced by ownership of mobile phones and
access to extension services. Similarly, access to short-term weather forecasts is
positively influenced by age, monthly income, ownership of radio, timely climate
information, and perceiving that climate change has negative effects on crop
production. The study further revealed that land size, knowledge of climate change,
and climate services accuracy are positive and significant factors in access to
seasonal forecasts. On the other hand, being educated negatively influenced
access to seasonal forecasts while land size had a negative and significant effect on
short-term weather forecasts. The study concludes that age, land size, ownership
of mobile phones, and access to extension services were significant factors that
determine both farmers’ access to short-term weather and seasonal forecasts.
Therefore, the study recommends that if the access and uptake of climate services
are to be improved, government stakeholders, researchers, and forecast producers
should collaborate and offer training sessions and workshops on climate services
relevance and how to acquire and interpret them, particularly for elderly farmers.
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1 Introduction

According to scientific climate research, the climate is changing
rapidly (Meinshausen et al., 2022). Sylla et al. (2018) suggest that
extreme weather phenomena including droughts, floods, and
windstorms are becoming more frequent and intense due to changes
in climate. These occurrences can lead to significant decreases in crop
production quantity and quality, as well as failures (Toreti et al., 2020).
Calzadilla et al. (2014) noted that these crop losses and failures are
already evident, particularly in smallholder agricultural systems. This
is owing to smallholder farmers’ reliance on rainfed farming, especially
in semi-arid regions such as Africa (Rowhani et al, 2011).
International Fund for Agricultural Development (IFAD) (2013)
defines smallholder crop farmers as individuals who are marginalized
and have a tough time gaining access to resources, finance, knowledge,
and technology. Additionally, smallholder farmers in Africa are
distinctive in such a way that they usually use land for free or at a low
cost because it is owned by the community (Mgbenka et al., 2015).
Furthermore, smallholder crop farmers are highly dependent on
family labour, have low adaptive capacity, income, access to resources,
and are vulnerable to climate change (Ubisi et al., 2017; Harvey et al.,
2018). According to Harvey et al. (2014), there are not less than 450
million smallholder farmers throughout the world. In Africa, Hlophe-
Ginindza and Mpandeli (2020) mentioned that four out of five farms
comprise of smallholder farmers. Similarly, in South Africa, the
agricultural sector is dominated by smallholder farmers (Kom et al.,
2022), and the Eastern Cape province is not omitted (Mdoda et al.,
2020). Moreover, most African smallholder farmers rely on their
Indigenous knowledge for weather and climate forecasting (Antwi-
Agyeietal, 2021). According to Mashizha (2019), climate change has
caused a 5% drop in agricultural productivity over the last three
decades. Dinesh et al. (2015) observed that maize, sorghum, millet,
and groundnut outputs have been declining in some parts of Africa
due to changes in climate. Furthermore, the evidence of yield declines
due to changes in climatic conditions is more visible among staple
crops like maize in Africa. For instance, research by Owusu et al.
(2019) indicates that about 9,656 tons of maize losses were recorded
among smallholder farmers in Ghana due to the 2015 El Nino
drought. Jiri et al. (2016) conducted a study in Zimbabwe and reported
that about 76% of the interviewed farmers agreed that their maize
output has been dropping in the last two decades. Oduniyi et al.
(2019) argue that over the past years, reduced maize production has
been associated with changes in climate conditions in South Africa.
Coleman (2022) adds that about 60% of planted maize has been
destroyed by the recent 2022 floods in South Africa Moreover, it is
expected that by 2050 because of changes in climatic conditions, maize
yields will decrease by up to 10% throughout the world (FAO, 2016).
In Africa, the decrease in maize outputs due to climate change by 2050
will be higher than the 10% global reduction (Fosu-Mensah et al.,
2019). On the other hand, by 2050 in Africa, millet and sorghum
outputs are anticipated to fall by 15 and 17%, respectively (Knox et al.,
2012). Similarly, Schlenker and Lobell (2010) by the 21st century,
projected that cassava, sorghum, millet, groundnut, and maize yields
are expected to decrease by values ranging from 8 to 22% in
Sub-Saharan Africa. In South Africa by 2,100, farmers are expected to
experience a reduction in maize output from up to 38% (Kogo et al.,
2019). Therefore, as opined by Buckland and Campbell (2021),
smallholder farmers’ ability to innovate and adapt to unexpected
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climate circumstances will significantly impact their future welfare.
Among other adaptation strategies that smallholder farmers might
employ to address the climate change effects, climate services are
increasingly considered a vital tool for adaptation (Hansen et al., 2019)
and for improving their food security [World Meteorological
Organization (WMO), 2016]. In agriculture, climate services aim to
ensure that farmers are making the right decisions that will improve
their production and livelihoods and can build resilience towards
climate change (Singh et al., 2016). The services cover information on
temperature, rainfall, wind speed, humidity, drought, and floods, and
are usually made available to users on a daily up to seasonal basis from
various institutions using both media and human means (Kadi et al,,
2011). Moreover, the services may also include other useful
information on farming practices such as those on pest and disease
outbreaks and crop varieties (Nkiaka et al., 2019). In other words,
these services predict what a day, week, month, or season may look
like in terms of weather parameters which will help farmers know
which type of activity to be involved in concerning the type and
timing of climate services (Vincent et al., 2013). Literature shows that
for smallholder farmers to be able to access and utilize climate
information, the climate services must be available, timely, accurate,
reliable, and understandable, and must have the capacity to meet the
farmers’ needs (Carr and Onzere, 2018), and be useable (Singh et al.,
2018). This indicates that smallholder farmers may only benefit from
climate services if they match the criteria, which is still a problem
(Oyekale, 2015). Studies indicate that climate services, especially
seasonal rainfall forecasts, have been available to smallholder farmers
in Africa since the 1990s (World Meteorological Organization &
African Centre of Meteorological Applications for Development,
1990). In some African countries, smallholder farmers have been
accessing and making farming decisions based on them (Diouf et al.,
2020; McKune et al., 2018; Nkiaka et al., 2019; Vaughan et al., 2019).
However, smallholder crop farmers in most African countries have
low climate services accessibility (World Bank, 2016; Krell et al., 2020)
and usage (Eguru, 2012; Maponya and Mpandeli, 2013; Nhemachena
et al,, 2014; Moeletsi et al., 2013; Ochieng et al., 2017). Nonetheless,
the above findings could not be generalized across Africa because
smallholder farmers are not homogeneous. They differ in resource
endowments, consequently, heterogeneity is expected in terms of the
levels of accessing and using climate information across regions
(Buckland and Campbell, 2021). Hence, it is essential first to
understand smallholder crop farmers’ climate services access to
establish a baseline for climate information at the municipality level.
Access to climate services refers to a situation whereby a farmer can
obtain the information they heard of from various dissemination
channels such as extension officers and farmer groups (Chiputwa
et al, 2019). Sarku et al. (2022), revealed that accessing climate
services can mean how easy it is for climate information to get to
farmers through user-friendly and suitable communication channels.
Several factors could affect how much smallholder farmers know
about, have access to, and use climate services (Buckland and
Campbell, 2021). These factors range from the farmer’s socio-
economic status, the specific type of climate information available, the
format, and the channel of receiving the climate information
(Buckland and Campbell, 2021). Ochieng et al. (2017) and Maponya
and Mpandeli (2013) add that significant dependence on native
knowledge, inadequate skills, and access to information, being
illiterate, and a strong cultural identity are other issues undermining
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the utilization of climate services in Southern African countries. There
is a growing literature that focuses on factors that are influencing
access to climate services (Diouf et al., 2019; Oyekale, 2015; Bessah
et al., 2021; Baffour-Ata et al., 2022). Some studies looked at factors
influencing access together with the usage of climate services
(Mubangizi et al., 2018; Muema et al., 2018; Masesi, 2019; Josephert
etal, 2019). Nevertheless, there is slight evidence showing the factors
that are influencing each type of climate service or climate information
accessed. Except for Oyekale (2015) who studied “factors influencing
access to forecasts on the incidence of pests or diseases and the start
of rainfall” Each type of climatic service has its level of access and is
ideal for a certain farming choice. Therefore, if there is a need to
understand how farmers make decisions and use climate information,
knowing factors that influence access to specific climate services
is vital.

1.1 Determinants of farmers' access to
climate services

For a farmer to access and utilize specific climate information,
certain factors including farmers’ Age (Gitonga et al., 2020; Masesi
et al,, 2018; Muema et al., 2018), gender (Oyekale, 2015; Coulibaly
etal, 2017; Alliagbor et al., 2021), marital status (Sanga and Elia, 20205
Owusu et al., 2020; Diouf et al., 2020), education (Oyekale, 2015;
Sanga and Elia, 2020; Diouf et al., 2019; Onwuemele, 2018), farm size
(Muema et al., 2018; Buckland and Campbell, 2021; Bessah et al.,
2021), household size (Muema et al., 2018; Oyekale, 2015; Gitonga
et al., 2020), farming experience (Alliagbor et al., 2021; Ofuoku and
Obiazi, 2021; Antwi-Agyei et al., 2020), and monthly income (Muema
etal, 2018; Alidu etal., 2022; Oyekale, 2015) are assumed to determine
their chances. These socio-economic and farm characteristics can
hinder or enable a farmer to access climate services. For instance,
being a male (Oyekale, 2015; Coulibaly et al., 2017; Alliagbor et al.,
2021), married (Sanga and Elia, 2020), educated farmer (Oyekale,
2015; Sanga and Elia, 2020; Diouf et al., 2019; Onwuemele, 2018) with
high monthly income (Muema et al., 2018; Alidu et al., 2022; Oyekale,
2015) living in larger household improves farmers chances of
accessing climate services (Muema et al., 2018; Oyekale, 2015; Gitonga
etal,, 2020). On the contrary, a study by Alliagbor et al. (2021), noted
that the farming experience can be classified as a moderating variable
that negatively and significantly influences access to scientific weather
forecasts. Alliagbor et al. (2021) emphasize that this is because
smallholder farmers in areas like Nigeria put too much faith in their
ability to predict weather conditions using local indications and their
prior experience and expertise. Farm characteristics such as farm size
improve farmers’ access to climate services (Losloso et al., 2020).
Similarly, Masesi et al. (2018) stated that farmers in Kenya believe that
it is unacceptable to speculate on climatic uncertainties because big
land sizes demand significant quantities of resources for sustainable
agricultural objectives. Hence, they usually consult climate projections
on the possibility of a given season before investing in big plots of land
(Masesi et al., 2018). According to Bessah et al. (2021), climate change
awareness may open farmers’ eyes to see the potential of climate
information in preparing them to lessen the adverse effects of climate
risk. Hence, farmers who perceive changes in climate as a risk are in a
better position to access climate services (Oyekale, 2015; Bessah et al.,
2021; Buckland and Campbell, 2021).
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Institutional factors including the availability of resources, access
to extension officers, access to credits, and markets are also influencing
access to climate services (Muita et al., 2021; Muema et al., 2018).
Literature is skewed on farmers’ probability of having access to climate
services improved by better access to extension services (Alidu et al.,
2022; Onwuemele, 2018; Buckland and Campbell, 2021; Baffour-Ata
et al,, 2022). Buckland and Campbell (2021) associated the positive
influence of extension services with their potential to be a source of
climate services used by smallholder farmers. In addition, extension
agents in South Africa have the role of teaching rural farmers about
climate change and helping them adapt to it (Popoola et al., 2020) using
various strategies, including climate services (Ncoyini et al., 2022). The
reviewed literature shows evidence that the adoption of climate services
improves with access to extension services in Africa. Nevertheless, it is
not clear if that is the case across African regions given that in
South Africa extension agents lack the ability or skills to help farmers
understand climate information (Wilk et al., 2017). Being part of a
farmer group increases farmers’ chances of accessing climate services
(Diouf et al., 2019; Muema et al., 2018; Buckland and Campbell, 2021).
According to Tarhule and Lamb (2003) being in a group gives farmers
a chance to discuss how climate change affects agriculture and possible
climate adaptation strategies. Also, According to Muema et al. (2018),
this is because farmer groups are one of the channels that are used for
accessing seasonal forecasts. Among other factors, the unreliability and
uncertainty are climate forecast attributes that have been associated
with low access (Sanga and Elia, 2020) and utilization of climate
services (Barasa et al., 2017; Antwi-Agyei et al., 2021; Grey, 2019).
Similarly, based on an econometric model, a smallholder farmer who
perceives climate services as reliable is in a better position to make
farming choices informed by the accessed information (Losloso et al.,
2020; Mubangizi et al., 2018). The above implications agree with the
work of Maponya and Mpandeli (2013), Ncoyini et al. (2022), and
Chisadza etal. (2020) who reported that South African farmers tend to
utilize climate information that they perceive to be reliable and
accurate. In other words, the literature suggests that low access or
utilization of climate services is associated with smallholder farmers
perceiving the information as inaccurate or unreliable and vice versa.
In other parts of Africa, how climate information is disseminated, and
its modes of dissemination hinder smallholder farmers’ usage of
climate services (Naab et al., 2019; Murgor, 2015). For instance, in West
Africa, Nkiaka et al. (2020) argue that climate information disseminated
through media sources is usually information on weather events only.
The dissemination time is usually when farmers are busy with farm
activities, household chores, or other activities. This results in most
farmers only listening to the radio or television in the morning and
missing other shows during the day, which lowers their chances of
receiving and using climate information (Nkiaka et al, 2020).
Nevertheless, authors like Muema et al. (2018) applied a two-step
Heckman Probit model and reported a positive association between
media sources and climate services accessibility and utilization in
Kenya. The authors suggested that owning a radio is associated with
improved utilization, while access to television is associated with higher
chances of receiving seasonal forecasts (Muema et al., 2018). Similarly,
having access to radio and television has increased farmers’ likelihood
of accessing climate services (Oyekale, 2015). The above is in line with
Onwuemele (2018) who attests that the more information and
communication technology resources the farmers have access to, the
greater their chances are of both accessing and using climate services.
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2 Materials and methods
2.1 Description of the study area

Elundini was the area under investigation which is a category B
municipality of Joe Gqabi District in the north-eastern part of the
Eastern Cape, South Africa as displayed in Figure 1. The municipality
covers an area of 5,065km? and has 17 Wards, making it the smallest
municipality within the district (Elundini Local Municipality, 2015).
The municipality has Maclear, Mount Fletcher, and Ugie as its main
towns. The area is home to the Xhosa population, and it is regarded to
be among the vulnerable areas in terms of socio-economic status within
the district [Joe Ggabi District Municipality (JGDM), 2016]. The
Elundini municipality is home to 144,929 individuals, equivalent to
38.9% of the total Joe Gqabi district population (Statistics South Africa,
2016). The survey also showed that about 15,209 households in the
municipality are involved in agricultural activities, with only 4,730 of
these households involved in crop production. Furthermore, Elundini
local municipality is recognized for its temperature variations ranging
from 13 to 33°C, with higher temperatures expected during summer
and lower temperatures during winter (Maroyi, 2017). In a year, the
area has 150 days of frost likely from March to November with Maclear
and Mount Fletcher recording many winter snowfall incidents. The
municipality is a high-rainfall region that receives most of it during the
summer months, with an average rainfall of 800 mm-1200 mm
per annum (Maroyi, 2017). These favorable climate conditions allow the
residents in the area to be involved in both livestock and crop farming.
Joe Gqabi District Municipality (2016) reported that Elundini local
municipality is the only area with high agricultural potential in the Joe
Gqabi district. Furthermore, it is the only municipality that has suitable
soil for farming within the district (Joe Gqabi District Municipality,
2016). According to Ngcaba and Maroyi (2021), crop farmers in the
municipality primarily grow maize, potatoes, spinach, carrots, cabbage,
and beetroot. Nonetheless, just like in many areas within the Eastern
Cape province, climate change is affecting Elundini negatively,
especially in the eastern parts of the municipality through extreme
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events such as heavy rains, floods, storms, soil erosions, and land
degradation (Elundini Local Municipality, 2015). This has affected crop
production in terms of crop losses and increased pest incidences
(Elundini Local Municipality, 2015).

2.2 Research design and data collection

The current study adopted a quantitative data method using a
cross-sectional research design approach. A cross-sectional study
methodology permitted the gathering of data on many variables at
once and the collection of information on variables that include the
degree to which smallholder crop farmers accessed certain climate
services. It also allowed for gathering data on the socioeconomic and
institutional circumstances of these farmers. Jovancic (2019) notes
that data collection is a systematic approach of collecting and
measuring information on key factors in a predefined, logical manner
that allows the investigator to react to inquiries, submit research
questions, test hypotheses, and evaluate outcomes. The field survey
was carried out using semi-structured questionnaires written in
English but disseminated to farmers in Xhosa during the face-to-face
interviews. Face-to-face interviews were conducted with smallholder
crop farmers by eleven trained enumerators. The enumerators were
from the University of Fort Hare and spoke Xhosa. They were trained
two days before the data collection took place and the data collection
process took seven days.

2.3 Sampling procedure and size

To select respondents, a multistage sampling method was
employed. The first step included purposive sampling, whereby
Elundini municipality was purposively chosen as a study area.
Elundini Municipality was chosen because compared to other
municipalities in the Joe Gqgabi district it is the only area with high
agricultural potential [Joe Gqabi District Municipality (JGDM),
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2016]. Furthermore, there is high climate variability in terms of heavy
rains and floods (Elundini Local Municipality, 2015), and is one of the
under-researched areas. In the second stage, six wards were
purposively selected from the three towns within Elundini local
municipality. The purposive selection of wards was based on their
agricultural relevance, exposure to climate variability, and accessibility
to climate services. The third step also included a purposive selection
of two villages per ward, which summed up to a total of 12 villages that
represented the whole municipality. In the final step, 217 smallholder
crop farmers were randomly selected from the 12 villages. In
determining the appropriate size of the sample Yamanes (1967)
equation was adopted. The equation may be written as.

N 4730

N==———==-;=— "~ =368.81 therefore n=370.
[1+N(e)2] [1+4730(0.05)2]

Where n represents the sample size, N represents the total number
of crop farming households (sampling frame), and e is the error of
margin (which is 0.05 with a confidence level of 95%). According to a
Statistics South Africa (2016), the total number of crop farming
households in Elundini local municipality was 4,730 which was used
as a sampling frame. Therefore, based on Yamane’s equation the
targeted sample size was 370 small-holder crop farmers. Nonetheless,
only 217 smallholder crop farmers were successfully interviewed
because of farmers’ accessibility and availability, the timing of the data
collection, weather (thunderstorms, lightning, and hailstorms), and
COVID-19 restrictions.

2.4 Model specification

The current study employed two separate probit models. The
choice of two separate binary probit models over models such as the
Bivariate probit model was because access to weather forecasts and
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seasonal forecasts were not correlated to each other in the bivariate
probit model (see Appendix A). Furthermore, probit models were
chosen because, unlike the logit model which assumes a linearity
between climate services access and the explanatory variables,
incorporates non-linear effects of independent variables as well. The
Probit model can be specified as in Equation 1 below.

J
Pril (Access to CS) = a +z T Socioeconomicand farm characteristics ; +
j=1
J
z& ; Institutional factorsiij +
j=1
j 1
Z /I ; Climate services attribute PR
Jj=1
J
z /1/. Enabling factors s
j=1
4§, Climate change awareness i + &i

Pril in Equation 1 denotes the dependent variables (access to
specific climate services), with a value of 1 indicating that the farmer
accessed short-term weather or seasonal forecasts, with a value of 0
indicating that they did not. Socioeconomicij signifies farmers’
characteristics, including gender, education, marital status, and land
size as displayed in Table 1. Institutionalij signifies factors such as
access to extension services. Climate services attributesij are a set of
factors such as accurate, localized, and timely climate service. Climate
change awarenessi signifies farmers’ knowledge of the change in
climatic conditions. Furthermore, enabling factors ij represent
ownership of communication channels such as radio and mobile
phones. a, Yj, 1 j, wj, 9 j are the parameters determined using the
highest likelihood estimation method. & ik is the error term.
Equation 2 below presents the marginal effect, which is the change in

TABLE 1 Variables used to assess the determinants of access to specific climate services.

Groups of variables Explanatory variables

Access to CS  Cited literature

Age (years) - Gitonga et al. (2020)
Gender (0=Female; 1=Male) + Alliagbor et al. (2021)
Socio-economic factors
Education (0=not educated; 1=educated) + Feleke (2015)
Monthly income (Rands) + Muema et al. (2018)
Land size (Hectares) + Muema et al. (2018)
Farm characteristics
Mixed farming (0 if not; 1 if practicing mixed farming) +/—=
Buckland and Campbell (2021) and Muema et al.
Farmers group membership (1 if yes and 0 if no) +
Institutional factors (2018)
Access to extension services (1 if has access and 0 if no) + Buckland and Campbell (2021)
Ownership of radio (1 if own radio and 0 if no) + Ouedraogo et al. (2021) and Bond et al. (2021)
Enabling factors
Ownership of mobile phones (1 if own mobile phone and 0 if no) + Ouedraogo et al. (2021)
Knowledge of climate change (1 if yes and 0 if no)
Climate change awareness + Bessah et al. (2021)
CC negatively affected crop production (1 if yes and 0 if no)
Localized climate information (1 if yes and 0 if no) + Oladele et al. (2019)
Climate services attributes Timely climate information (1 if yes and 0 if no) + Mubangizi et al. (2018) and Nantongo et al. (2021)
Climate services accuracy (1 if yes and 0 if no) + Mpandeli and Maponya (2013)

Source: authors’ computation.
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access to weather or seasonal forecasts because of a change in an
explanatory variable.

oPr(CIS; =1)  OE(CIS;|X;)

=i
ax;; ax;; 20 @

where Y represents a set of parameters related to the independent
variables and Xij represents a set of jth independent variables.

3 Results and discussion
3.1 Descriptive analysis

This section presents descriptive results of the socio-economic
profile, farming characteristics, and access to climate services status of
smallholder crop producers in the municipality of Elundini. The
results in Table 2 indicate that most (167) of the smallholder crop
farmers mentioned to have access to climate services and only 50
could not access climate services in Elundini municipality. The results
imply that in Elundini local municipality there is high accessibility of
climate services among smallholder crop farmers. This might
be viewed as a positive outcome that can assist farmers in making wise
choices about their crops as well as farming activities in response to
climate variability and change. Naab et al. (2019) and Tarchiani et al.
(2021) agree that high climate services access can allow farmers to
make knowledgeable crop selection choices and employ agricultural
techniques that may lessen the negative consequences of climatic
conditions. The current study findings are in line with Ncoyini et al.
(2022) who recently reported high accessibility of climate services
from KwaZulu-Natal smallholder sugarcane farmers. The results
further revealed that more than half (51%) of the respondents were
married, and 52% were men. Moreover, an average smallholder crop
farmer in the study area was 61years old, had about 15years of

TABLE 2 Descriptive statistics of characteristics of the smallholder farmers.

10.3389/fclim.2024.1447510

farming experience, and stayed in a household with about 5 members.
This indicates that smallholder farmers in the study area are old,
experienced in farming, and with moderate household size. It was also
observed that an average farmer without access to climate services had
an average of 16 years of farming experience, which is higher than the
experience for individuals with access, and there was no difference in
the average household size of farmers with access and those without
access to climate services. The lack of a significant difference in family
size between the two groups suggests that access to climate services
may not be strongly associated with household demographics. Most
(94%) of the surveyed farmers were knowledgeable about the changes
in climate and its impacts on crop production with almost (99%) all
the farmers who had access to climate services knew about the
changing climate. This could potentially make farmers seek coping
strategies (Mandleni and Anim, 2011) such as weather and seasonal
forecasts, which can assist them in making better cropping decisions
given the changes in climate conditions. Nonetheless, few crop
smallholder farmers participated in farmer’s organizations (29%) at
the same time they had limited access to government extension
services (35%). The results further reveal that most respondents had
at least primary education (45%) with slight differences between
farmers with access and those without access to climate services.
Having farmers dominated by primary education might result in
difficulty in obtaining, understanding, and interpreting climate
information. Regarding unemployment status, there is no significant
difference between farmers who had access to climate services and
those who did not. However, The unemployment rate of the pooled
sample in the study area is high, with about 80% of the respondents
being unemployed. These farmers mostly (69.56%) depended on
government social grants for living. The results revealed that in most
of the farming households in the study area (94%), maize was the
main crop grown by farmers.

Table 3 presents the type of climate services that are accessible
to smallholder crop farmers. The results indicate that smallholder
crop farmers that had access to climate services mainly accessed

Variables Pooled (n =217) Had access (n =167) No access (n =50)

Freq % Freq % Freq %
Gender (male) 112 52% 83 50% 29 58% 1.0613
Marital status (married) 111 51% 87 52% 24 48% 0.2583
Employment status (employed) 44 20% 34 20% 10 20% 0.0031
Part of farm organization (yes) 63 29% 58 35% 5 10% 11.4223
Access to extension services (yes) 76 35% 71 43% 5 10% 17.8764
Knowledge of climate change (yes) 205 94% 166 99% 39 78% 33.7355
Main crop grown (maize) 205 94% 157 94% 48 96% 0.2911
Main source of income (social grant) 151 70% 119 71% 32 64% 0.9576
Education (primary education) 98 45% 76 45.5% 22 44% 0.0354
Continuous variables Mean (st. err.) Mean (st. err.) Mean (st. err.) Difference (T-test)
Age of a farmer 61 (0.96) 62 (1.10) 61 (1.94) —0.82 (—0.37)
Farming experience 15 (0.82) 14.5 (0.92) 16 (1.81) 1.63 (0.80)
Household size 5(0.18) 5(0.21) 5(0.42) 0.10 (0.22)

Source: author’s compilation; field survey (2022).
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TABLE 3 Types of climate services accessed by smallholder crop farmers.

10.3389/fclim.2024.1447510

Types of climate Frequency of accessing Access No access
services climate services
Freq Freq

Daily 132 79% 35 21%
Weather forecast

Weekly 75 45% 92 55%

Monthly 36 22% 131 78%
Seasonal forecast

3-4months period 22 13% 145 87%

A crop farmer may access more than one type of climate service and product, hence the percentage does not add up to 100 or the frequency does not add to 167. Source: authors computation;

field survey (2022).

daily (79%), and weekly (45%) weather forecasts, respectively, and
very few had accessed monthly (22%) and 3-4months climate
forecasts (13%). The results imply that most of the smallholder crop
farmers have access to the weather forecast, and very few have
access to the seasonal forecast. In this study weather forecasts
consisted of daily and weekly climate information. On the other
hand, seasonal forecasts consisted of climate information accessed
monthly and in 3-4 months periods. The results suggest that farmers
in Elundini might be able to make short-term decisions informed
by the weather forecast. However, they are limited in making long-
term seasonal cropping decisions due to the lack of information on
what to expect in the next season. The current results relate to
findings by Masesi (2019) which observed that smallholder farmers
were accessing climate services daily, weekly, monthly, and
seasonally in Kenya. Additionally, the findings align with studies by
Ofuoku and Obiazi (2021) and Ncoyini et al. (2022) which stated
that over two-quarters of farmers accessed the daily weather
forecasts and less on the seasonal forecasts in Nigeria and KwaZulu-
Natal South African province.

3.2 Factors influencing access to specific
climate services among smallholder
farmers

Table 4 presents the probit model results on the factors
influencing farmers’ access to climate services, particularly those
influencing weather and seasonal forecasts. The model fits are
explained by looking at the likelihood ratio, chi-square test, and
McFadden Pseudo R2 The Pseudo R? (0.5205) of the short-term
weather forecast and (Pseudo R*=0.2199) of seasonal forecasts
show an excellent fit of the model for the analysis. The likelihood
ratio Chi-squares are significant at 1% for both models, indicating
that the models with the estimated parameters are significant
compared to the unfitted or constant-only models. Both the
coefficient and the marginal effects are presented. However, only
the marginal effects will be discussed in this study to show how
access to seasonal and short-term weather forecasts responds to a
change of one of the explanatory variables when other explanatory
variables are held constant. The variance inflation factor (VIF) was
performed to test for multicollinearity and the values were between
1.06 and 2.15 for all the explanatory variables as shown in
Appendix B which shows there was no multicollinearity detected.
The findings show that the age of the farmer was positively
associated with access to weather forecasts but negatively associated
with seasonal forecasts, both significant at a 10% significant level.

Frontiers in Climate

The findings suggest that a unit change in the age of the farmer the
higher the likelihood of accessing short-term weather forecasts by
0.3%. This means that older farm household heads are more likely
to access short-term weather forecasts by 0.3% more than younger
farmers in Elundini. One possible explanation for these results can
be because of the use of radio to access weather information, which
is one of the trusted sources of climate information among elderly
farmers (Diouf et al., 2019), compared to younger farmers. On the
other hand, a unit increase in the age of the household head result
in a 0.3% decrease in access to seasonal forecasts. These results
imply that older farmers are less likely to access seasonal forecasts
compared to younger farmers. This might be because accessing
seasonal forecasts requires a sophisticated understanding of
technology such as computers and smartphones which might
be advantageous for younger farmers because they are technology
easy (Okello et al., 2012). Moreover, access to seasonal forecasts
might require the use of the internet which based on a recent study
by McCampbell et al. (2023) older farmers have limited access to it.
Hence, older farmers may be less likely to access seasonal climate
information compared to young farmers who are eager to learn new
things. The results were also observed in Namibia by Gitonga et al.
(2020) who revealed that an increase in farmers” age lowers access
to climate services.

The results further indicate that the farmers’ education was
negative and significantly influenced access to seasonal forecasts, at
a 10% significance level. These results mean that a unit change from
being uneducated to being educated reduces the farmers’ chances to
access seasonal forecasts by 6.6%. These results were not expected,
given that education was expected to increase access to seasonal
forecasts (Feleke, 2015; Ovyekale, 2015; Anang et al., 2021).
Nonetheless, the current findings may be explained by the
complexity of the concepts of seasonal forecasts (Muyiramye, 2020)
that require formal education which the interviewed sample is
dominated by illiterate people. Furthermore, this may be because
Indigenous wisdom is valued more highly in illiterate communities
than scientific knowledge (Ochieng et al., 2017). Household monthly
income was positively and significantly associated with weather
forecasts at the 5% significance level. Specifically, an additional Rand
to the household’s monthly income increases the probability of
access to weather forecasts by 0.0013%. While this suggests that
higher-income households are more likely to access weather
forecasts, the magnitude of this effect is quite small. The positive
association could be explained by the fact that farmers with higher
incomes may have better access to the tools (such as radios,
smartphones, or other communication devices) necessary for
receiving weather information. Studies by Muema et al. (2018),
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TABLE 4 Determinants of smallholder farmers’ access to specific climate services.

Weather forecasts
dy/dx

Independent

variables

Seasonal forecasts
dy/dx

Age of a farmer 0.018 0.003 0.051%* —0.013 —0.003 0.094*
Gender 0.001 0.000 0.997 —-0.015 —0.004 0.944
Education status —0.051 —0.009 0.774 —0.282 —0.066 0.063*
Monthly income 0.000 0.000013 0.034%* —4.85e-06 —1.16e-06 0.801
Land size —0.109 —0.019 0.038%* 0.085 0.020 0.037%*
Mixed farming —0.205 —0.035 0.620 —0.189 —0.045 0.572
Ownership of radio 1.944 0.328 0.000% 0.311 0.074 0.189
Ownership of mobile phone 1.757 0.297 0.000% 0.512 0.123 0.041°%*
Part of the farmer group —0.109 —0.018 0.737 0.334 0.080 0.214
Access to extension services 0.571 0.096 0.065* 0.896 0.215 0.001#%*
Knowledge of climate change —0.470 —0.079 0.132 0.449 0.108 0.092*
Climate change has negative 1.636 0.276 0.093* 0.080 0.019 0.897
effects on crop production

Climate services accuracy 0.175 0.030 0.591 0.509 0.122 0.040%*
Timely climate information 0.901 0.152 0.037%* 0.038 0.009 0.892
Localized climate information 0.438 0.074 0.230 0.045 0.011 0.864
_cons —2.007 0.007 -0.972 0.110
Number of observations 217 217

LR chi*(15) 140.47 52.55

Prob > chi* 0.0000%** 0.0000%*

Pseudo R? 0.5205 0.2199

*#*Significant at 1% level; **Significant at 5% level; *Significant at 10% level. The bold values imply the significant results regardless of their level. Source: field survey (2022) generated on

Stata software 15.

Oyekale (2015), and Onwuemele (2018) support the idea that
income facilitates access to climate information, allowing farmers to
proactively plan for adaptation strategies.

The land size available and used for crop production had a
negative association with weather forecast, but a positive one with
seasonal forecast, both at a 5% significance level. The results imply that
a unit increase in land size reduces the farmers’ chances to access
weather forecasts but increases his/her chances to access seasonal
forecasts by 1.9 and 2%, respectively. The negative association between
land and access to short-term weather forecasts might be because
short-term weather forecasts are mainly useful for day-to-day farming
choices which might require a farmer to make immediate decisions
(FAO, 2019). Meanwhile, in rural areas, farmers with big lands are not
always present on their farms because of the distance that separates
them from their homes. Thus, weather forecasts might be less valuable
in larger farms. Furthermore, this can be associated with the fact that
in most cases bigger farms in rural areas are in areas where there is
poor or no signal/ internet connection for farmers to access regular
weather updates. On the other hand, the positive association between
land size and access to seasonal forecasts could be explained by the
farmers’ need to improve productivity and avoid large crop failure and
losses, through the access, and eventually use of seasonal forecasts.
Muema et al. (2018) suggest that families farming on bigger farms can
diversify crop possibilities, resulting in a strong demand for climate
services as these farmers would be interested in knowing which crops
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to grow in the upcoming season. Similarly, Losloso et al. (2020) argued
that increased farm size increases risk and susceptibility to adverse
weather and climatic occurrences, which means better climate
information is needed to deal with it. Additionally, Bessah et al. (2021)
argue that the main goal of farmers who are increasing their fields is
to become more commercial. Hence, they are anticipated to access
seasonal climate information better. Muema et al. (2018) found
comparable results in Kenya that an increase in land area is associated
with improved access to seasonal forecasts.

The results indicate that ownership of radio was positive and
significantly associated with access to weather forecasts at 1%
significance levels. The findings suggest that owning a radio improves
farmers’ ability to access weather forecasts by a magnitude of 32.8%.
This was expected because radio is the main channel used by
smallholder crop farmers to access weather forecasts in the study
area. Also, this can be associated with the ability of radio to
communicate climate information using farmers’ local language
(Radeny et al, 2019). Several scholars from Africa reported
comparable results that farmers who own radios are more able to
access climate services than non-owners (Ouedraogo et al., 2021;
Bond et al., 2021; Gitonga et al., 2020; Oyekale, 2015). Ownership of
mobile phones had a positive association with access to both weather
and seasonal forecasts at 1 and 5% significance levels, respectively.
The findings imply that owning a mobile phone raises farmers’
probability of receiving weather forecasts by a magnitude of 29.7%.
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Similarly, smallholder farmers who are owning mobile phones are
more likely to access seasonal forecasts by a magnitude of 12.3%. This
was expected because in the study area, mobile phones are among the
channels used to obtain climate services by smallholder crop farmers.
Ouedraogo et al. (2021) argue that with mobile phones, farmers may
get climate information anytime from any location without having to
travel long distances to access the information they need.
Furthermore, just like other ICT devices like radio, mobile phone is
also becoming increasingly affordable which makes it possible for
farmers to access climate services without having to spend a lot of
money on expensive equipment (Wyche and Olson, 2018).

Yegbemey and Egah (2021) add that mobile phones have been
identified as crucial in the spread of climate services in rural
communities. Hence, farmers who own mobile phones have better
access to climate services than non-owners. The results further
revealed that access of a farmer to government extension services had
a positive and significant association with access to both weather and
seasonal forecasts at a 10 and 1% significance level, respectively. The
findings imply that farmers’ ability to access extension services the
better the chances of accessing both short-term weather and seasonal
forecasts by a magnitude of 9.6 and 21.5%, respectively. The current
results can be associated with the ability of extension agents to
be among the channels used to access climate information in the study
area, KwaZulu-Natal province of South Africa, and Nigeria (Ncoyini
etal., 2022; Ofuoku and Obiazi, 2021). In addition, this was anticipated
because the extension staff’s role is to educate farmers regarding
climatic conditions and various adaptation measures such as certain
types of climate services during agricultural meetings and workshops
(Nhundu, 2010). That explains why farmers who are accessing
extension services are more able to access climate services as opposed
to those with no access. Comparable findings were reported in Nigeria
that improved smallholder farmers’ access to seasonal rainfall (Ofuoku
and Obiazi, 2021) and weather forecasts (Alliagbor et al., 2021) are
associated with better access to extension services.

The results indicated that knowing that the climate has been
changing was positively associated with access to seasonal forecasts
at a 10% significance level. The findings suggest that knowing about
changes in climatic conditions or being exposed to climate events
increases farmers’ probability of receiving seasonal forecasts by a
magnitude of 10.8%. This is not surprising because if farmers are
susceptible to climate change events, they would be forced to search
for the latest information such as seasonal forecasts that will assist
them in surviving under such conditions (Ogara, 2016 cited in
Muema et al., 2018). Furthermore, Masesi (2019) argues that as
farmers continue to view climate change as a threat to their
production and livelihoods, more seasonal climate information is
considered as a means of warning them about extreme events. Thus,
there is better access to seasonal forecasts among smallholder crop
farmers who knew about changes in climate as opposed to those who
did not. Bessah et al. (2021), Bond et al. (2021), and Oyekale (2015)
discovered comparable results that the ability of farmers to access
climate services rises with an increase in the farmers’ knowledge of
climate change. Perceiving that extreme climate change events have
negatively affected farmers’ crop production in the past ten years has
a positive and significant relationship with access to weather forecasts
at a 10% significance level. The results imply that perceiving that
climate change events harm farmers’ crop production raises their
chances of accessing weather forecasts by 27.6%. This may be because
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farmers who have seen how climate change has negatively impacted
their crop productivity may see the importance of accessing weather
forecasts. Accessing weather forecasts will assist them in putting
effective measures that will ensure that the crops grown survive until
harvesting time. Bessah et al. (2021) agree that farmers exposed to
climatic shocks would also be interested in receiving information that
will serve as an early warning about climate-related events or risk
management tools. Hence, farmers who notice that changes in
climate have negative effects on crop production are likely to access
weather forecasts compared to those who perceive otherwise.

The results show that climate services accuracy was found to
positively influence smallholder crop farmers’ access to seasonal
forecasts at a 5% significance level. The positive influence indicates
that smallholder farmers who perceive seasonal forecasts to
be accurate are 12.2% more likely to access them compared to those
who perceive them as inaccurate. The positive influence was expected
because Josephert et al. (2019) argue that it is vital for seasonal forecast
producers to disseminate seasonal information that is correct since
inaccurate information might mislead farmers and harm crop output.
Furthermore, numerous authors suggest that there are higher chances
of accessing and making informed farming choices when farmers see
climate information as accurate, timely, and readily comprehensible
(Mpandeli and Maponya, 2013; Lemos et al., 2014; Nkiaka et al., 2019;
Roudier et al., 2014). Hence, farmers who perceive seasonal forecasts
as accurate are more likely to access them compared to farmers who
do not. The results further indicated a positive relationship between
perceiving climate information as timely and access to weather
forecasts at a 5% significance level. The result suggests that farmers
who perceive weather forecasts as timely are 15.2% more likely to
access them than those who perceive them as untimely. This was
expected because timely climate information will allow farmers to
have enough time to investigate how to get such information and from
which source, unlike when the information is accessible when they no
longer need it. Furthermore, this might be because one of the most
important attributes that help farmers decide whether a climate
information service can be implemented successfully is the time it is
made available to farmers (Mubangizi et al., 2018). Additionally,
according to Nantongo et al. (2021), climate information is only useful
to farmers when it is accessed on time. Hence, those who perceive the
climate services as timely are in a better position to access them
compared to farmers who perceive the information as untimely.

4 Conclusion and recommendations

The objective of the study was to examine the factors that influence
smallholder crop farmers’ access to specific climate services in Elundini
local municipality. The study concluded that smallholder crop farmers’
access to short-term weather forecasts is positively influenced by age,
monthly income, ownership of radio, timely climate information, and
perceiving that climate change has negative effects on crop production
and is negatively influenced by land size. On the other hand, better
access to seasonal forecasts is associated with land size, knowledge of
climate change, and climate services accuracy. Smallholder crop
farmers’ age and education are negative and significant factors in
seasonal climate forecast accessibility. Furthermore, the study concludes
that ownership of mobile phones and accessing extension services are
the driving factors in the accessibility of both short-term weather and
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seasonal forecasts. The study recommends that the various factors
including socio-economic, farm characteristics, institutional, enabling
factors, climate risk factors, information availability, or climate services
attributes should be considered in the process of improving climate
services access, and uptake, and ensuring that farmers benefit from the
forecasts. For instance, young farmers have better access to seasonal
forecasts compared to older farmers. Therefore, it is recommended that
government stakeholders, researchers, and forecast producers should
collaborate and offer training sessions and workshops on seasonal
climate forecasts’ relevance and how to acquire and interpret them too
particularly for elderly farmers. These workshops may consist of
practical demonstrations and hands-on activities to enhance their
understanding and confidence in accessing and utilizing seasonal
climate information effectively. Also, encourage the sharing of climate
information among farmers by creating mentorship programs where
younger farmers may share their experiences and skills in obtaining and
the application of seasonal forecasts. Moreover, given that mobile phone
ownership is associated with better access to both weather and seasonal
forecasts and ownership of radio only influences access to weather
forecasts. Therefore, there is a need to ensure that mobile phones and
radio are accessible and affordable to farmers to allow more farmers to
access climate services. This can be done by the implementation of
programs that will provide affordable and user-friendly mobile phones
and radios to farmers especially those with lower incomes. Such
programs may involve a collaboration of local radio stations,
telecommunication companies, non-government organizations, and
government initiatives. For future research purposes, similar studies
may be conducted in other South African provinces and municipalities.
Also, the primary focus of this study was smallholder crop farmers. This
means the findings might not be applicable to other agricultural
systems, such as livestock farming, because they are only limited to
smallholder crop farmers. Despite that, a similar study with a focus on
livestock farming can be done. Furthermore, Given the relatively high
agricultural potential of Elundini Local Municipality and its exposure
to significant climate variability, there may be an upward bias in the
results. Farmers in this area could exhibit a stronger interest in accessing
climate services than those in municipalities with less agricultural
potential. Therefore, the findings may not fully reflect the situation in
other areas where agriculture plays a lesser role or climate variability is
less pronounced. In addition, since wards were selected intentionally,
the results could not be generalized to other wards within the
municipality, as the non-random selection favored those with greater
access to climate services.
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