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The study assesses how access to climate services influences cropping decisions

and, subsequently, household food security. Employing a cross-sectional

research design, the study surveyed a total of 217 smallholder crop farmers

selected through a multistage sampling approach. Data were collected using a

semi-structured questionnaire, and both descriptive statistics and a propensity

score matching (PSM) model were employed for data analysis. Household

food security was assessed using households’ dietary diversity. The study’s

findings highlight that 69% of the surveyed farmers had access to weather

forecasts, while only 24% had access to seasonal forecasts. Consequently,

farmers with access to climate services exhibited changes in their farming

decisions, including daily farming activities, planting timing, crop selection,

and land preparation. Notably, approximately 35% of the respondents were

identified as food insecure. The application of the propensity score matching

model revealed that access to climate services had a statistically significant

positive impact on farmers’ decision-making processes and household food

security. These results underscore the potential of climate services to enhance

farmers’ decision-making capabilities and, subsequently, improve household

food security. Considering these findings, it is recommended that e�orts to

expand access to climate services among smallholder farmers in South Africa

should be intensified. This can be achieved by developing and disseminating

more accessible and tailored climate information, including seasonal forecasts.

In addition, initiatives should ensure that climate services are integrated into

agricultural extension services and support systems to equip farmers with the

knowledge and tools they need to make informed decisions.
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1 Introduction

Extreme weather phenomena including droughts, floods, and windstorms are

becoming more frequent and more intense due to the changes in climate (Sylla

et al., 2018). Authors such as Toreti et al. (2020) noted that these occurrences

lead to significant crop decreases in terms of both quantity and quality, often

leading to crop failures. In smallholder crop farming, which is primarily rainfed,
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these crop losses and failures are already being felt (Calzadilla et al.,

2014). According to Cudjoe et al. (2021), Asayehegn Gebreeyesus

et al. (2017), and Idrisa et al. (2012), they are more felt in

regions such as Africa where rainfed farmers with low adaptive

capacity dominate. Kinda et al. (2019) assert that the effect of

climate change, particularly due to rainfall variability, is more

pronounced in developing nations. It is anticipated that these

significant reductions in crop yields due to climate change will

continue globally (FAO, 2016), particularly in Africa (Knox et al.,

2012; Macauley and Ramadjita, 2015), and South Africa (Kogo

et al., 2019), thus increasing food insecurity status. A study by

FAO (2019) agrees that climatic variability and extremes are major

contributors to the recent increase in serious food crises worldwide,

through increased yield decline. A study by Kobusinge (2018)

added that under the increasing climate change impacts, through

extreme climate events, smallholder crop farmers from Africa are

predicted to continue suffering from food insecurity. Sirba and

Chimdessa (2021) noted that drought has caused Sub-Saharan

Africa to be known as the world’s most food-insecure region.

According to FAO (2021), over a quarter of people (28.8%) in West

Africa suffered from food insecurity in the past 3 years owing to

the changing climate. Comparably, a recent study conducted in

the Horn of Africa showed that there is a 0.36% increase in food

insecurity status for every 1% rise in average temperature (Bedasa

and Bedemo, 2023). This has also been experienced in Ghana,

where the reduction in crop yields due to the 2015 El Nino drought

event led to insufficient food for smallholder farmers (Owusu et al.,

2019). In addition, because of persistent droughts that have reduced

Lesotho’s agricultural production, Bhaga et al. (2020) discovered

that 30% of the population is anticipated to experience acute food

insecurity. A report published by Statistics South Africa (2019) also

reveals that food security has been and is still an issue among the

population of South Africa. Similarly, Mdluli and Dunga (2022)

added that in the past 2 years, an estimated number of 13.6 million

people from South Africa were suffering from food insecurity. In

addition, changes in climatic conditions have led to food insecurity

among Eastern Cape smallholder farming families in South Africa

(Amoah and Simatele, 2021). Amoah and Simatele (2021) further

reported that toward the end and early months of the year, farmers

tend to suffer from the impacts of climate change through increased

droughts, heat waves, and floods that reduce the availability of

food from their production. Thus, maintaining family food security

under such disadvantaged conditions necessitates access to climate

service information that will notify farmers about the start of

seasonal rains and their absence throughout the production year

(Murgor, 2015). It should be noted that in Africa, most smallholder

farmers use indigenous knowledge to forecast weather conditions

(Briggs, 2005; Zuma-Netshiukhwi, 2013; Antwi-Agyei et al., 2021).

According to Nyamekye et al. (2019) and Gbangou et al. (2021),

the indigenous knowledge system assists farmers in predicting

weather conditions and seasons using various indicators such

as the appearance of a certain plant or bird species. However,

forecasting seasonal weather using solely indigenous knowledge

is becoming unpredictable and unreliable (Elia et al., 2014;

Myeni and Moeletsi, 2020). Hence, there is a need for access to

climate service information to complement the use of indigenous

knowledge systems.

Climate service is defined as a decision support tool developed

from climatic information to enable people and organizations

to make better pre-decisions (Tall, 2013). 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 such as radio, television, and extension

services (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, climate services mean a tool that is created from

climatic data aimed at notifying smallholder farmers on what to

expect in the next few days, weeks, or months in terms of weather

conditions so that they can make farming choices that are best

suited for such conditions. Hansen et al. (2019) noted that seasonal

climate forecasts and short-termweather forecasts are the two types

of climate services that are often accessed and used by farmers.

Seasonal climate forecasts are based on the probability that the

rainfall, temperature, wind, and humidity are likely to be higher,

lower, or normal for an upcoming season in a geographic region

(Masesi, 2019; Ebhuoma, 2022). Seasonal forecasts generally show

smallholder farmers what the next season may look like (Diouf

et al., 2020). Weisheimer and Palmer (2014) argue that seasonal

climate forecasts provide projections of how the weather will be

on average during the season, 3 months in advance. On the other

hand, short-term weather prediction is merely a scientific estimate

of upcoming weather conditions for the next hours to days (Losloso

et al., 2020). Short-term weather forecasts usually give detailed

weather predictions such as the chance of rain and temperature for

the next day (Murgor, 2015).

Authors such as Clarkson et al. (2019) attested that the

usage of climate services positively influences smallholder crop

farmers’ confidence in making better farming choices to improve

agricultural productivity, wellbeing, and coping with climate risks.

In a study in Nigeria, farmers made daily management decisions

regarding fertilizer application, land preparation, weed removal,

rain and drought monitoring, and soil and water management,

all informed by climate services (Abegunrin, 2021). Studies such

as that of Muyiramye (2020) revealed that smallholder farmers

in Rwanda used seasonal forecasts to determine which crop

varieties to plant. Nonetheless, the literature is skewed on the

evidence from the personal experience of smallholder farmers

with access to and use of climate services and farming decision-

making, with a lack of impact assessment studies. To the

researcher’s knowledge, at the time of research, there were no

studies reviewed in the South African context that assessed the

impact of climate services on cropping decisions using impact

evaluation methods such as propensity score matching. Thus, it is

unclear whether better agricultural choices made by smallholder

farmers are informed by climate services or other confounding

factors. The few available studies on climate services’ effects on

household food security status of smallholder farmers showed

that in some African countries such as Rwanda, Namibia, Ghana,

Uganda, and South Africa, climate service access and usage do

improve their food security status (Birachi et al., 2020; Gitonga

et al., 2020; Clarkson et al., 2019; Akwango et al., 2017; Zuma-

Netshiukhwi et al., 2016). For example, propensity score matching
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(PSM) results indicated that Namibian smallholder farmers who

accessed climate services had higher food security status than

those who did not (Gitonga et al., 2020). Furthermore, increased

food security status among households that used climate services

has been reported also in South Africa (Zuma-Netshiukhwi et al.,

2016).

Despite the literature indicating a positive contribution of

obtaining and using climate services on smallholder farmers’

household food security, not much has been done in the

context of South Africa. In addition, from the reviewed

articles, few studies focus on the impact of accessing climate

services on food security (Gitonga et al., 2020; Mapanje

et al., 2020), and most of them focus only on the impact

of use (Zuma-Netshiukhwi et al., 2016; Akwango et al., 2017;

Clarkson et al., 2019; Birachi et al., 2020). It is therefore

upon this background that this study intends to understand

the effect of receiving specific climate services on smallholder

cropping decisions and household food security using impact

evaluation methods.

2 Materials and methods

2.1 Description of the study area

The municipality that was studied was Elundini, which is a

category B municipality of Joe Gqabi District in the northeastern

part of the Eastern Cape, South Africa, as displayed in Figure 1.

This municipality is the smallest within the district covering an

area of 5,065 km² and has 17 wards (Elundini Local Municipality,

2015). Maclear, Mount Fletcher, and Ugie are the main towns

in this municipality. 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 Gqabi District

Municipality, 2016). In terms of employment status, Elundini

has a very small population that is formally employed especially

in rural communities (ECSECC, 2017). It is recognized for its

temperature variations ranging from 13◦C 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, receiving most of it during

the summer months. The average rainfall is between 800mm

and 1,200mm per annum (Maroyi, 2017). This high rainfall is

largely visible in the eastern parts of the municipality. Furthermore,

within the Joe Gqabi district, suitable soils for farming are

mostly found in Elundini (Joe Gqabi District Municipality, 2016).

Joe Gqabi District Municipality (2016) reports that Elundini is

the only area with high agricultural potential within the Joe

Gqabi district. It has a lot of natural resources and a good

climate that makes it possible for households to engage in

agriculture. Moreover, compared to other municipalities within

the district, only in Elundini, there is a large population of

smallholder crop growers (Joe Gqabi District Municipality, 2016;

Elundini Local Municipality, 2020). According to Ngcaba and

Maroyi (2021), most crop farmers in the municipality primarily

cultivated maize, potatoes, spinach, carrots, cabbage, and beetroot.

Nonetheless, climate change is affecting Elundini, especially in the

eastern parts of the municipality through extreme 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). Morgan and Nearing (2010)

state that climate change, particularly the increase in heavy

rains and floods, often leads to soil erosion by separating soil

particles from the surface. This results in poor soil quality and

contributes to land degradation (Koch et al., 2013). Hermans and

McLeman (2021) argued that extreme heat and drought events

also influence soil erosion and land degradation. Furthermore, it

has been observed that changes in climatic conditions in terms

of heavy rains have major implications on soil erosion and land

degradation (Nearing and Pruski, 2004). In addition, Ndlovu et al.

(2020) agree that there is a positive correlation between climate

variability and land degradation. Furthermore, crop production is

vulnerable because the municipality of Elundini lacks a climate

change response strategy (Elundini Local Municipality, 2020).

According to the Elundini Local Municipality (2020) report, the

municipality has acknowledged the necessity for developing a

climate change response strategy. Therefore, farmers’ access to

climate services and their effect on their food security in Elundini

are investigated.

2.2 Research design, sampling procedure,
size, and data collection

The current study adopted a quantitative data method using

a cross-sectional research design approach. 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. After selecting the municipality,

two wards were purposively selected from each of the towns

in Elundini. This is to ensure that every town within the

municipality is represented, thereby maximizing the variation

in the data as much as possible. Furthermore, a total of 12

villages were purposively selected to represent the municipality.

This means two villages from each of the selected six wards.

The final stage included random selection of 217 smallholder

crop farmers from the villages. It should be noted that the

targeted sample size calculated using Yamane’s equation below

was 370 smallholder crop farmers. However, due to farmers’

accessibility and availability, the timing of the data collection,

weather (thunderstorms, lightning, and hailstorms), and COVID-

19 restrictions, only 217 smallholder crop farmers were successfully

interviewed. 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. The statements in the

questionnaire were both in open-ended and close-ended formats.

The study collected information directly from the smallholder crop

farmers regarding their socio-economic and farm characteristics,

awareness of, access to, and use of climate services, cropping

decisions made, and food security status. Face-to-face interviews

were conducted with smallholder crop farmers by 11 trained

enumerators. The enumerators were from the University of Fort
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FIGURE 1

Map of Elundini Local Municipality (2015). Source: Department of GIS, University of Fort Hare (2022).

Hare and spoke Xhosa. In determining the appropriate size of

the sample, Yamane (1967) equation was adopted. The equation is

as follows:

n =
N

[1+N (e) 2]
= n =

4730
[

1+ 4730 (0.05)2
]

= 368.81 therefore n = 370 (1)

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 was 4,730, which was used as

a sampling frame.

2.3 Data analysis

The data analysis methods used in this study are

explained below.

2.3.1 Household dietary diversity score (HDDS)
HDDS was used to measure smallholder crop farmers’ food

security. The choice of HDDs in this study is because the method

is widely used in measuring the food consumption component,

and there are no significant biases as smallholder crop farmers

can recall what they ate the previous day (Kennedy et al., 2010).

HDDS food items are grouped into 12 different categories, with

each group contributing toward the household dietary score given

that a food item within a food category was consumed in the last

24 h. These are “A—cereals; B—roots and tubers; C—vegetables;

D—fruits; E—meat; F—eggs; G—fish and seafood; H—legumes and

nuts; I—milk and milk products; J—oils and fats; K—sugar and

honey; and L—miscellaneous” (Swindale and Bilinsky, 2006). A

value of 1 was assigned to every single food group consumed and 0

if not, which means during data collection households, were either

saying yes, they consumed food itemswithin that food group or not.

After that for each household, food items consumed were summed.

Then based on their scores, the households were grouped into three

categories where any household with a score that is 3 or less was

regarded as a low dietary diversity household, a score between 4

and 6 was regarded as a medium, and a score that is 7 and above

was regarded as a high dietary diversity household.

2.3.2 Propensity score matching (PSM) method
Following the study by Mapanje et al. (2020) and Gitonga et al.

(2020), the current study employed PSM to control self-selection

bias. PSMmatches two groups of individuals who participated in an

event with those who did not participate in an event but had similar

propensity scores (Rubin, 2001). PSM also involves the removal of

all the values of individuals who did not participate and have no

similar propensity scores with any of the participating individuals

(Lobut, 2017). According to Lobut (2017), one of the benefits

of this method highlights which variable affects the likelihood of

participation in a certain event. In addition, it guarantees that the

matched groups are the same in all ways that can be seen and

that the differences between the control and treated groups are
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not triggered by the things that can be seen (Adjin et al., 2020).

The PSM method was adopted to assess the effect of weather and

seasonal forecasts on cropping decisions informed by each type

of forecast and household food security among smallholder crop

farmers. The treatment variables used were access to weather or

seasonal forecasts. The outcome variables were cropping decisions

and household food security. In this analysis, farmers who made

any cropping decision informed by weather or seasonal forecasts

were assigned a value of 1, and those who did not were assigned

a value of 0. The outcome variable in the assessment of the

impact of climate services on food security was household dietary

diversity scores, which is a continuous variable. Given that access

to certain climate services is not random, but rather impacted by

both observable and unobserved variables, or one of the variables,

the binary probit models were employed in generating propensity

scores. The model is represented as follows:

P (Di = 1/Xi ) = ∅ (f (Xi) = α0 +

n
∑

i=1

βi Xi + µ

µ ≈ N(0, δ2) (2)

where f (Xi) indicates information that a farmer accessed

climate services, (Di= 1) for farmers who accessed specific climate

services, and ‘θ ’ represents the standard cumulative distribution

function. Determinants (Xi) incorporate all observable factors

as linear terms without higher-order components that influence

farmers’ household food security status and ability to access

climate services. These observable factors include farmers’ gender,

education, and marital status. Every farmer who accessed specific

climate services and those with no access in the sample have a

propensity score computed, which is a continuous variable thatmay

be written as follows:

ẑ (Xi/T = 1 ) = ẑ (Xi) (3)

For the matching of farmers who accessed to those with no

access to specific climate services based on the propensity scores,

the weight of every paired farmer with access to those with no

access to specific climate services was estimated using nearest

neighbor and Kernel-based matching methods. The choice of

nearest neighbor matching (NNM) method among others such as

radius and stratified matching methods was because NNM reduces

the distance in propensity scores between the treatment unit and

the closest units in the control group, thereby eliminating bias

(Dehejia and Wahba, 2002). In addition, Caliendo and Kopeinig

(2008) noted that NNM is the simplest matching method to use.

On the other hand, the Kernel-based matching (KBM) method

was chosen because it is a non-parametric matching estimator that

creates the counterfactual outcome by averaging the weights of each

member of the control group, leading to reduced variance as more

data are used (Caliendo and Kopeinig, 2008). The mean difference

in the results among farmers who accessed and those who did

not for every stratum represents the influence of various climate

services and is specified in the following way:

ADsq =

∑

izt(q) YT
i

NT
q

−

∑

jzt(q)YC
j

NC
q

(4)

ADsq in Equation 4 represents the mean difference in block

q, I(q) signify a group of components that form a bloc q;

NT
q and NC

q represent the number of farmers that have access to

climate services units in the block (q). According to the United

Nations Development Program (2009), the estimator of the ATT

is calculated by taking the mean of every AD, as shown in the

equation below.

ATT =

Q
∑

q=1

ADs
q

∑

izt (q) Di

6∀iDi
(5)

The total number of blocks is represented by ‘Q’. The

counterfactual effect was created via the Kernel matching approach

using weighted means of every member of farmers who did

not access climate services. According to Caliendo and Kopeinig

(2008), the gap between individuals in the do not have access and

have access categories from which the counterfactual is derived was

used to figure out the weights. Equation 6 below presents the Kernel

matching ATT estimator.

ATT =
1

NT
6i=iT {YT

i −
6jzC YC

j G(
pj − Pi

hn
)

6kzC G(
Pk− Pi
hn

)
(6)

where “G” is a parameter for bandwidth and Kernel function.

The bandwidth parameter selection is more critical since it

determines how well the estimated density function matches the

actual underlying density function and how much it varies from

the estimate. After matching and generating propensity scores, the

average outcomes of smallholder crop farmers paired based on

relevant characteristics such as their gender were evaluated. This

is to see whether access to climate services statistically influenced

the results.

3 Result and discussion

3.1 Characteristics of the farmers

Table 1 presents the descriptive statistics of the socio-economic

characteristics of the respondents. The study results indicated

that smallholder crop farmers in the study area are men (52%),

married (51%), and unemployed (80%). Furthermore, the results in

Table 1 indicated that most smallholder crop farmers in the study

area were old, experienced in farming, with moderate household

size, and farming on a very small piece of land. Moreover, the

majority (94%) of the surveyed farmers were knowledgeable about

the changes in climate and their impact on crop production.

This could potentially make farmers seek adaptation strategies

(Mandleni and Anim, 2011) such as weather and seasonal forecasts

that can assist them in making better cropping decisions given the

changes in climate conditions. Experienced old farmers are more

aware of the negative impacts of climate change and, consequently,

are more willing to access climate services in response to these

challenges (Idoma and Mamman, 2016). Nonetheless, few crop

smallholder farmers participated in farmers’ organizations (29%);

at the same time, they had limited access to government extension
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TABLE 1 Descriptive statistics of socio-economic characteristics of the

respondents.

Variable name Frequency (%)

Gender of household heads Men 112 52%

Women 105 48%

Marital status of household

heads

Married 111 51%

Not married 106 49%

Employment status of farmers Employed 44 20%

Not

employed

173 80%

Farmer group participation Yes 63 29%

No 154 71%

Access to extension services Yes 76 35%

No 141 65%

Knowledge of climate change Yes 205 94%

No 12 6%

Continuous variables Average Standard deviation

Age of household heads

(years)

61 14

Household size (numbers) 5 3

Farming experience (years) 15 12

Land size (hectares) 1.86 2.45

services (35%). Poor access to information hubs such as extension

officers and farm organizations may hinder farmers’ access to

climate services (Buckland and Campbell, 2021). This is because,

during agricultural meetings and workshops, extension agents in

South Africa have the role of educating farmers about climate

change and helping them adapt to it (Popoola et al., 2020), using

various strategies, including climate services (Ncoyini et al., 2022).

In addition, according to Thomas and Sanyaolu (2017), most

smallholder farmers trust information from extension officers in

rural areas; hence, they are seen as a dissemination tool for climatic

information. Similarly, farm organizations are also treated as an

information hub because being in a group gives farmers a chance to

discuss how climate change affects agriculture and possible climate

adaptation strategies (Tarhule and Lamb, 2003). However, in some

parts of South Africa, extension agents are not very active and lack

the ability or skills to help farmers understand climate information

(Wilk et al., 2017).

3.2 Farmers’ food security statuses

Figure 2 presents descriptive results on farmers’ food security

statuses. The results showed that the majority of households (65%)

had a high dietary diversity score, while 35% had a medium score,

and no households fell into the low dietary diversity category. The

findings indicate that farming households in the study area had

more diverse diets. This might be because Elundini is a high-rainfall

region, which allowed these households to grow vegetables and

increase their farm income, thereby increasing their purchasing

power for other food items they cannot grow. The findings from

a study by Megbowon and Mushunje (2018) showed high dietary

diversity among Eastern Cape farming households. Overall, the

study findings indicate that smallholder crop farmers in Elundini

municipality can be regarded to be food secure as shown in

Figure 2. These findings align with other studies from different

areas in Eastern Cape Province, South Africa (Ningi et al., 2021;

Bese, 2020; Mayekiso, 2021), and are also contrary to another

study from Nkonkobe renamed Raymond Mhlaba municipality of

Eastern Cape province (Matebeni, 2008). The current results may

be associated with smallholder crop farming households’ ability

to grow maize as their main crop, making them high consumers

of cereals. Furthermore, according to reports from the Elundini

Local Municipality (2020), maize is a critical crop contributing

to smallholder farming households’ food security in Elundini and

across Eastern Cape province (Jezile et al., 2009). In addition, this

might be associated with diversified livelihoods and income sources

for food purchases among the interviewed sample. According to

Adem et al. (2018), having diversified livelihood activities offers

extra income, which would lessen the burden of household food

expenses and encourage a wider variety of dietary options, thus

better food security.

3.3 Farmers’ access to specific types of
climate services

Figure 3 below presents the findings on farmers’ access to

specific climate services. The study’s findings indicated that 69%

of the surveyed farmers had access to weather forecasts, while

only 24% had access to seasonal forecasts. 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. This

means that farmers in Elundini might be able to make short-term

decisions based on 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. Therefore, it

can be expected that smallholder crop farmers from the Elundini

municipality might not be able to select the most appropriate crops

to grow or change their farming methods properly, which can

lead to lower yields and incomes. The findings align with evidence

showing that in some African countries including Nigeria and

South Africa, there is a gap in the accessibility of seasonal forecasts

among smallholder farmers (Ofuoku and Obiazi, 2021; Ncoyini

et al., 2022).

3.4 Farmers’ cropping decisions influenced
by access to climate services

Table 2 presents farmers’ cropping decisions influenced by

access to climate services. Among the smallholder crop farmers

who utilized these services, the majority (31%)made daily cropping

decisions, including planning for irrigation, pest management, and

weed removal. Some made informed decisions on what day and

date to plant (18%), what crop to plant (11%), land preparations
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FIGURE 2

Distribution of farmers’ food security statuses using HDDs.

FIGURE 3

Farmers’ access to specific climate services.

(11%), irrigation schedule (4%), fertilizer application (2%), and

when to harvest (2%). The results imply that in the municipality,

the fact that over a quarter of farmers who accessed climate

services utilized them highlights the importance and usefulness of

climate information in cropping decision-making, especially for

immediate changes in farming choices. Therefore, there is a need

to ensure that farmers in the study area are receiving climate

information that is easy to integrate into their decision-making.

The current study findings agree with the studies conducted in

the KwaZulu-Natal province of South Africa, Nigeria, and Kenya,

which showed that there are very few smallholder farmers making

farming decisions based on climate services accessed in their study

areas (Ncoyini et al., 2022; Ofuoku and Obiazi, 2021; Muema

et al., 2018). Among the very few farmers who were able to make

better farming choices informed using climate services, the findings

indicated that in the study area, 31% of farmers used climate

services for daily farming activities. The high proportion of farmers

who used climate services for their daily farming activities in

the current study can be associated with the high accessibility of

daily forecasts. This confirms the findings by Antwi-Agyei et al.

(2021) that to make farming choices, farmers depend on short-term

weather forecasts such as daily and weekly forecasts. Furthermore,

it was also discovered that smallholder crop farmers who accessed

seasonal forecasts changed their planting dates. The results relate

to Partey et al. (2020) who argue that in Ghana, most households

that accessed seasonal climate services changed their planting dates

based on the climate information.

3.5 Empirical results

While farmers made cropping decisions ranging from land

preparation and harvest timing plans based on either weather or

seasonal forecasts, only four common cropping decisions were

analyzed in the study. This choice was made due to the poor

variation in data for the other three cropping decisions (irrigation

schedule, fertilizer application, and harvest timing), which could

restrict inferential analysis. Table 3 presents the results from the

propensity score matching on the impact of accessing weather and

seasonal forecasts on farmers’ cropping decisions. The NNM and

KBM matching results indicate that the findings are statistically

significant for several types of cropping decisions and are accurate

as shown by a t-value above 2 and a low standard error. This

means the relationship between access to weather or seasonal

forecasts and cropping decisions is not driven by confounding

effects and is robust to different conditions and expectations. The
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results from the NNM and KBM of the propensity score matching

model show that access to short-term weather forecasts improves

farmers’ decision-making regarding daily farming activities by

18.8%−21.5%, improves farmers’ decision-making on when to

plant by 14.4%−16.1%, improves the decision on what type

of crop to plant by 12.4%−19.2%, and when to prepare the

land by 8%−8.7%. The results further show that access to

seasonal forecasts improves farmers’ decisions about their day-

to-day farming activities by 25%−27% and about the suitable

date to plant by 17.3%−20.2%, improves farmers’ choices on

what crop to plant by 19.2%−20.8%, and improves farmers

decision on when to prepare the land for crop production by

15.3%−19.2% based on both algorithms. The results suggest that

access to short-term weather and seasonal forecasts is essential

TABLE 2 Cropping decisions influenced by access to climate services.

Cropping
decisions

(%) Climate
information
accessed

Climate
service

Daily farming

activities (e.g.,

removal of weeds)

31% Rainfall and temperature Weather forecasts

Planting day and

date

19% Rainfall, temperature,

storms, drought, and floods

Weather and

seasonal forecast

What crop to

plant

12% Rainfall, temperature,

storms, drought, and floods

Weather and

seasonal forecasts

Land preparation 11% Rainfall and temperature Seasonal forecast

Irrigation

schedule

4% Rainfall Weather forecasts

Fertilizer

application

2% Rainfall and temperature Weather forecasts

When to harvest 2% Rainfall and temperature Weather forecasts

for smallholder crop farmers in making decisions about daily

farming activities, including the types of crops and crop varieties

to plant, planting dates, and land preparation. This implies

that smallholder farmers can also consider seasonal climate

forecasts when carrying out their daily farming operations. In

many cases, the decision to engage in daily farming activities

is associated with access to short-term weather forecasts (FAO,

2019).

The current results relate to recent findings by Matere et al.

(2023) who argue that constant dissemination of updated short-

term weather information is essential for operational choices and

risk mitigation throughout the planting season. Access to weather

forecasts can have a crucial role in assisting farmers in deciding on

the exact day to start sowing (Guido et al., 2020). Similarly, access

to information that informs farmers about expected conditions

for the next season, such as weather forecasts, is beneficial for

determining the most suitable crops to plant (Tarhule and Lamb,

2003). A study by Chiputwa et al. (2020) reported similar results

that the use of seasonal forecasts improved farmers’ ability to

choose the crop to sow by up to 13% in Senegal. Moreover,

Deressa et al. (2009) found that in their study area, access to

climate information improved the possibility of choosing crop

varieties suited to dry conditions by 17.6%. Furthermore, the

findings imply that when smallholder farmers have access to

seasonal forecast information, they are better equipped to plan

and decide on when to prepare the land. Similar results were

discovered in Jamaica, where drought forecast information services

had improved farmers’ ability to decide on when to plant and

what to plant among other farming decisions (Rahman et al.,

2016). Furthermore, they relate to the findings from a qualitative

study in Kenya, which associated better cropping decisions with

accessing seasonal climate information among smallholder farmers

(Rao et al., 2015). Furthermore, while decisions on what crop to

TABLE 3 Impact of accessing weather and seasonal forecasts on smallholder cropping decisions.

Treatment variables Weather forecasts Seasonal forecasts

Matching
algorithm

Crop
decisions

ATT t-
values

Std.
err.

No. of
treated

NOC ATT t-
values

Std.
Err.

No. of
treated

NOC

NNM Daily farming

activities

0.215 2.308 0.093 149 40 0.250 2.261 0.111 52 36

Planting day

and date

0.161 3.391 0.048 149 40 0.202 2.139 0.094 52 43

What crop to

plant

0.124 2.589 0.048 149 53 0.192 2.265 0.085 52 39

Land

preparations

0.087 2.187 0.040 149 45 0.192 2.004 0.096 52 34

KBM Daily farming

activities

0.188 2.023 0.093 149 46 0.270 2.763 0.098 52 139

Planting day

and date

0.144 3.186 0.045 149 56 0.173 2.151 0.080 52 137

What crop to

plant

0.085 2.208 0.039 149 60 0.208 2.943 0.071 52 149

Land

preparations

0.080 2.487 0.032 149 63 0.153 2.035 0.075 52 123

All standard errors were bootstrapped with 1,000 replications. ATT stands for average treatment effect on the treated; NNM refers to nearest neighbor matching; KBM denotes Kernel-based

matching; NOC refers to number of controls.
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TABLE 4 Impact of accessing weather and seasonal forecasts on food security status (PSM estimates).

Treatment
variable

Outcome
variable

Matching
algorithm

ATT t-values Std. Err. No. of
treated

No. of
control

Weather

forecast

HDDS NNM 0.903 2.520 0.358 149 44

KBM 0.559 2.021 0.277 149 68

Seasonal

forecast

HDDS NNM 0.971 2.596 0.374 52 34

KBM 0.701 2.124 0.330 52 145

All standard errors were bootstrapped with 1,000 replications. ATT stands for average treatment effect on the treated; NNM refers to nearest neighbor matching; KBM denotes

Kernel-based matching.

A B

FIGURE 4

Distribution of propensity scores before and after matching. (A) Distribution of propensity scores for weather forecasts (WFs). (B) Distribution of

propensity scores for seasonal forecasts (SFs).

plant and land preparations are typically informed by seasonal

forecasts (FAO, 2019), the findings imply that weather forecasts

also help farmers determine the type of crop to plant and when to

prepare their land. It is evident that, compared to other cropping

decisions influenced by both weather and seasonal forecasts, the

chances of deciding when to prepare the land are lower based

on the NNM and KBM results. Moreover, based on both the

results of the impact of accessing weather and seasonal forecasts on

cropping decisions, access to seasonal forecasts has a major impact

on the different cropping decisions compared to access to weather

forecasts. This implies that in the study area, seasonal climate

forecasts can be considered the most important type of climate

service that can assist farmers with their decision-making process.

Therefore, for better cropping choices, smallholder farmers in the

study area should integrate seasonal forecasts into their decision-

making process. These findings confirm the argument that seasonal

climate forecast is the most useful type of climate service (Vaughan

et al., 2019).

Table 4 presents the results from the propensity score matching

the impact of accessing weather and seasonal forecasts on

household food security status. The NNM and KBM matching

results indicate that the findings are statistically significant and

are accurate as shown by a t-value above 2 and a low standard

error. This implies that confounding factors do not cause the

relationship between receiving weather or seasonal forecasts and

household food security and are resistant to varying circumstances.

The results from the NNM and KBM of the propensity score

matching model indicate that having access to weather forecasts

increases smallholder crop farmers’ household dietary diversity

scores by 0.559–0.903 units. Similarly, the improvements in the

household dietary diversity scores of farmers who accessed seasonal

climate information were even higher on both NNM and KBM

by 0.701–0.971 units. The findings indicate that access to weather

forecasts and seasonal climate information has positively impacted

household dietary diversity scores. This means that smallholder

farming households who are accessing both weather and seasonal
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climate forecasts consume more diverse and nutritious food

than their counterparts who did not access them. Similar results

were reported by Mesfin et al. (2022) that access to weather

forecasts improved household food security of farming families.

Furthermore, the findings relate to the observations made by

Akwango et al. (2017) that farmers who used the information on

early drought warning systems had household dietary diversity

scores that were 36% more than those of farmers who did not

use early drought warning systems. A recent study by Gitonga

et al. (2020) also observed increased dietary diversity scores of up

to 14% due to the climate information accessed by the Namibian

farmers. The results further indicated that in both NNM and KBM,

seasonal forecasts appear to be the most useful type in improving

farmers’ food security statuses too. This indicates that if smallholder

crop farmers in Elundini can incorporate seasonal forecasts when

making farming decisions, more food-secure households can be

recorded. Therefore, stakeholders aiming to improve smallholder

farming household food security should collaborate with forecast

producers to ensure that they provide farmers with seasonal

forecasts that are easy to access and incorporate into farmers’

decision-making.

Figure 4 above shows the balance test results which indicate

that before matching, there were differences in propensity scores

between farmers who accessed and those who did not access

weather forecasts (WFs) or seasonal forecasts (SFs). The figure

further reveals that the matching process worked well, with

propensity scores almost identical between farmers who accessed

weather or seasonal forecasts (treated groups) and those who did

not access them (control groups) after matching. This implies

that based on propensity scores, smallholder crop farmers who

were matched from control and treatment groups had similar

characteristics. Furthermore, the variation in outcomes (cropping

decisions and household dietary diversity scores) observed among

the farmers with access to weather and seasonal forecasts and those

with no access can therefore be attributed to accessing these two

types of climate services.

4 Conclusion and recommendations

The study concluded that in the municipality of Elundini, a

high proportion of smallholder crop farmers are accessing short-

term weather forecasts with very few of them having access to

seasonal forecasts. This led to smallholder crop farmers in the

area generally making daily cropping decisions influenced by

climate services. In addition, smallholder farmers in the study

area were found to be food secure. Based on empirical results,

the study concludes that access to both short-term weather and

seasonal forecasts has a positive influence on different cropping

decisions. This indicates that the cropping decisions (daily farming

activities, planting day and date, what crop to plant, and land

preparations) that smallholder farmers mentioned making based

on either weather or seasonal forecasts are indeed attributed to their

access to these two types of climate services. In addition, the study

concludes that access to both short-term weather and seasonal

forecasts had a positive impact on household dietary diversity

scores. This indicates that access to climate services in Elundini

municipality improves the food security status of smallholder

farming households. Therefore, it is recommended that efforts to

expand access to climate services among smallholder farmers in

South Africa should be intensified. This can be achieved through

the development and dissemination of more accessible and tailored

climate information, including seasonal forecasts. In addition,

climate services should be integrated into agricultural extension

services and support systems to equip farmers with the knowledge

and tools they need tomake informed decisions. Such interventions

have the potential to not only enhance farmers’ resilience in the face

of climate change but also contribute to greater food security and

overall household welfare.
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