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Abstract: Livestock farmers in Sub-Saharan Africa rely on rain-fed agriculture, which exposes
them to the risks of agricultural drought. Agricultural drought has become a significant threat to
the extreme mortality of livestock, thus negatively impacting social vulnerability and household
resilience to agricultural drought and extreme events. Researchers rarely empirically assess the
connection between vulnerability and resilience, which are highly related concepts. By measuring
and connecting vulnerability and resilience concepts closely related to disasters such as agricultural
drought, this article makes a contribution to the body of disaster literature. The study aimed to
empirically examine the relationship between smallholder livestock farming households’ social
vulnerability and their resilience to agricultural drought. A survey of 217 smallholder livestock
farmers was conducted. The Social Vulnerability Index (SVI), the Agricultural Drought Resilience
Index (ADRI), and Pearson’s correlation coefficient were used for data analysis. A correlation
was identified between resilience to agricultural drought and social vulnerability, indicating that
smallholder livestock farmers are more susceptible to harm and lack the means to rebound effectively.
Unsurprisingly, the majority of resource-poor smallholder livestock farmers (79%) lack safety nets
during agricultural droughts. They are less resilient and more vulnerable households, leading
them to social vulnerability. This study provides input/guidance to identify farming households
with high social vulnerability and less resilience to threats and their capabilities of recouping and
adopting after experiencing an agricultural drought. Additionally, looking at household resilience
and social vulnerability to agricultural droughts could provide a way to pinpoint at-risk areas,
assisting emergency planners in directing resources and intervention programs to those areas where
assistance is most likely to be needed during disasters such as agricultural droughts. This implies
that thorough policy intervention programs need to be tailored toward reducing damage or finding
the path to recovery.

Keywords: recover; disasters; index; policy intervention; correlations; safety nets; resources

1. Introduction

Research on vulnerability and resilience to hazards such as agricultural drought is
becoming increasingly important in a world with more extreme weather patterns and global
occurrences of disasters, including agricultural drought. Understanding how farming
households differ regarding the damage that threats can cause, as well as the resources
and recovery strategies available to farming households, is critical to assisting farmers in
planning for and recovering from disasters. In assessing agricultural drought risks and
coping and adaption capacities, social vulnerability, sustainability, and farming household
resilience are crucial concepts [1]. Agricultural drought has put sub-Saharan Africa under
significant pressure, and it will negatively influence future generations without adaptation.
Hence, it is crucial to look from the perspective of adaptation and coping strategies, the
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resilience of agricultural drought, its implication on the sustainability of the livestock sector,
and developing future interventions [2].

Vulnerability as a concept suggests some risk, combined with the social and economic
viability and the capacity to handle the consequences. Vulnerability refers to how a system
or part of a system reacts negatively to a hazardous event, such as an agricultural drought.
As a result, people become “vulnerable” when they lack access to resources to secure their
livelihoods or recover from disasters. Those households with access to tools, capital, able-
bodied members, and equipment are the fastest to recoup from a disaster. Therefore, the
poorest are the most susceptible, leaving them with few options other than to live in risky
conditions [3]. This study focuses on disaster management literature, where vulnerability
is more often defined as the conditions and characteristics leading to humans becoming
vulnerable to agricultural droughts (e.g., inequalities and social structures) in dealing
with agricultural drought rather than simply the likelihood of experiencing a disaster [4].
Even though social vulnerability is only one component of a more extensive vulnerability
evaluation, it is noteworthy concerning agricultural drought risk evaluation.

Social vulnerabilities are based on the fact that social systems significantly influence
human vulnerability to hazards. Assessment of social vulnerability determines how social
characteristics relate to agricultural drought vulnerability and identifies those at risk, in
accordance with Dunning and Durden [5]. Social vulnerability has been defined as sus-
ceptibility, coping capacity, and exposure [6]. Folke [7] also discusses how climate change
leaves households, communities, states, and countries vulnerable. Understanding what
causes social vulnerability is a critical step toward assisting households and communities
in acquiring the resources and strategies required to minimize disaster losses.

Households and communities are vulnerable when facing hazards, such as droughts,
but resilient when dealing with and recovering from these hazards. Various fields utilize
resilience, along with vulnerability [8]. Generally, resilience suggests the capacity to recover
from adversity. Specifically, resilience refers to everything from the elasticity of physical
materials to how people deal with trauma psychologically. The aptitude to handle stressful
and adverse situations positively is an example of psychological resilience [9].

Regarding stresses and shocks, resilience relates to social system dynamics such as
adaptability and transformability and the ability of complex socio-ecological systems and
communities to learn, transform, adapt, and cope. The ability to bounce back would be
defined as resilience. Resilience emphasizes the interaction of gradual and abrupt change.
In turbulent times, it emphasizes the ability to cope with change [10,11]. Complex adaptive
systems have the property of resilience. It is about improving the ability of the system to
remain on a specific path of development despite incremental and abrupt changes, and
expected and unanticipated changes [12].

Resiliency is an integral part of a community’s social and economic fabric [13]. Com-
munities lacking resiliency may experience increased mental health and health problems
and delayed recovery. According to Paton and Johnston [14], Cutter et al. [15], and Car-
men et al. [16] resilient communities may furthermore recover, grow due to threats and
provide opportunities before a disaster occurs, during the acute phase, and in recovery
planning to identify and address inequalities, and they are important for inclusive recovery
strategies that support the needs of all in the community.

As concepts, social vulnerability and community resilience are distinct but frequently
intertwined. Essentially, vulnerability refers to qualities measured for a social system before
disasters strike, which leads to the risk of exposure and degree of harm. Resilience, on the
other hand, refers to social systems” ability to adapt to hazards and disasters, and to cope
with and absorb shocks [15].

Social vulnerability and agricultural drought put additional strain on already scarce
resources and their long-term sustainability. Africa is the most vulnerable to the effects of
agricultural drought due to limited resources. In developing countries, agricultural drought
causes 80% of economic losses and affects the sustainability of agriculture by reducing social
well-being as well as decreasing economic and environmental resources [17]. Agricultural



Atmosphere 2023, 14, 900

30f18

drought-induced changes to social, economic, and environmental resources affect the
livelihoods of smallholder farmers unless adequate measures are taken through adaptation
and coping strategies [2]. The adaptation and coping strategies, agricultural drought
resilience, and the sustainability of the agricultural sector, including livestock sectors,
depend on economic, social, institutional, environmental, and community factors [18].

Adaptation refers to improving resilience and reducing households’ vulnerability
when responding to agricultural drought impacts. Wang et al. [19] defined adaptation
as the ability of economic, environmental, and social systems to adjust to change and
cope with the consequences of agricultural drought. Agricultural sustainability, including
livestock, refers to the state where agricultural production levels are maintained within the
ecosystem’s capacity while supporting and utilizing sustainability indicators that cover the
three pillars of sustainable development (environmental, economic, and social) [20]. On the
other hand, resilience thinking sees sustainability as a process of studying how to keep a
system running in the face of adversity, such as agricultural drought [21].

Many scholars have noted conceptual connections between these two indices (Social
Vulnerability Index and Agricultural drought Index). Still, few have empirically exam-
ined the relationship between farming household resilience and social vulnerability (an
exception can be found in Sherrieb et al. [13] and Bergstrand et al. [1]). However, whereas
these studies conducted their research at national and regional levels, the current study
deals with the provincial level. This begs the question of whether the most vulnerable
farming households are also the least resilient. There appears to be an implicit assumption
in the literature that farming households with low agricultural drought resiliency also
have high social vulnerability. However, this has yet to be tested at the provincial level,
such as in South Africa’s Northern Cape Province. To direct resources and guide decision
makers’ actions, the relationship between social vulnerability and farming households’
resilience could be useful in identifying the risks and preparing for them, such as by de-
veloping policy interventions to enhance the resilience of the less fortunate smallholder
livestock farmers.

This study focused on the Northern Cape province of South Africa and aimed to empir-
ically examine the relationship between smallholder livestock farming households’ social
vulnerability and their resilience to agricultural drought. During the survey, 217 small-
holder livestock respondents were interviewed. The Social Vulnerability Index (SVI),
Agricultural Drought Resilience Index (ADRI), and Pearson’s correlation coefficients were
used to analyze the data.

2. Materials and Methods

To assess the relationship between social vulnerability and agricultural drought re-
silience among smallholder livestock farmers, first, the study turned to the disaster pre-
paredness literature and selected two prominent and currently widely utilized indicators
signifying the concepts of vulnerability and resilience: the Social Vulnerability Index (SVI)
and the Agricultural Drought Resilience Index (ADRI). The SVI was compared to the nega-
tive ADRI to see if increased vulnerability was associated with decreased resilience. The
study computed Pearson’s correlation coefficients to determine the relationship between
these concepts, and then to determine whether increased vulnerability correlated with
decreased resilience.

2.1. Study Area

The Northern Cape Province is situated in South Africa’s northwest area. Frances
Baard, Pixley Ka Seme, ZF Mgcawu, John Taolo Gaetsewe, and Namakwa are the province’s
five district municipalities.

Located in the middle of the desert, the province has an arid climate and is divided
into semi-deserts and deserts [22]. There are many different agricultural commodities given
the climatic differences between district municipalities [23].
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The recent agricultural drought has crippled agriculture in the Northern Cape Province,
with slow or non-existent recovery. Smallholder farmers’ livelihoods have suffered as a
result of a scarcity of water, insufficient grazing and fodder, and a shortage of resources,
all of which have placed severe strain on the livestock industry [24]. The Frances Baard
District Municipality (FBDM) was used as the study area of this study. The FBDM is in the
Northern Cape Province of South Africa (Figure 1) and consists of four local municipalities:
Phokwane, Sol Plaatje, Dikgatlong, and Magareng [25].

Approximately 48,300 households in the Northern Cape province were engaged in
agriculture in 2016 [23]. The agricultural sector mainly comprises extensive commercial
livestock farming, with communal farming concentrated in rural municipal areas. The
fertile Orange River area provides valuable irrigation to grape and fruit farmers, with
wheat, maize, peanuts, cotton, and Lucerne closer to Douglas and Prieska [26]. Various
agricultural production takes place in the Northern Cape Province of South Africa due to
the vast difference in climate between the regions; 15.2% of South Africa’s groundnuts were
produced in the province in the 2016/2017 season as well as 11.3% of the country’s wheat.
Livestock production remains the leading enterprise, with 75% of agricultural households
farming livestock, while other households were engaged in cultivating only crops (15%)
and mixed farming (10%) [23]. In the context of South Africa, the Northern Cape produces
approximately 4% of the country’s cattle, 24% of the sheep, 7% of the goats, and 1.4% of the
chickens [23]. Smallholder farmers contribute substantially to the rural economy and are
considered the channel through which rural development can be expedited and poverty
can be alleviated [27].
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Figure 1. Maps of Frances Baard District Municipality (FBDM) (study area). Source: FBDM [28]
and authors.
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2.2. Analytical Technique and Sampling Procedure

A multi-stage sampling method was used to conduct the survey. Because it is South
Africa’s primary livestock-producing province, the Northern Cape Province was purpose-
fully chosen in the first round. The FBDM was selected randomly through balloting in the
second stage of the sampling. All four local municipalities within FBDM were purposefully
chosen as the primary livestock-producing municipalities. Finally, the sample frame was
selected from a list of smallholder farmers identified and assisted during the 2015/2016
and 2018/2019 agricultural seasons (Table 1). According to the Northern Cape Depart-
ment of Agriculture, Forestry, and Fisheries [29], the four local municipalities assisted
878 smallholder livestock farming units in FBDM. The government helped by providing
animal feed and medication, increasing smallholder farmers’ participation in agricultural
drought resilience measures through training and information dissemination, and improv-
ing access to agricultural financing and farm inputs. From the 878 helped farmers, 217
smallholder livestock producers were chosen using Cochran’s [30] and Bartlett et al.’s [31]
simple random sample formula.

Table 1. The number of smallholder livestock farmers who received support, and the sampling tech-

nique.
Number of Share of Farmers Number of Samples
Local Municipality Smallholder Farmers (Number of (Percentage * Total
Farmers/Total) % Sample Size (217))
Phokwane 266 30 65
Sol Plaatje 141 16 35
Magareng 120 14 30
Dikgatlong 351 40 87
Total 878 100 217

Note: The asterisk (*) represents multiplication. Source: Northern Cape Department of Agriculture, Forestry, and
Fisheries (NDAFF) [29].

The correct sample size was determined using Cochran’s [30] sample size formula
(Equation (1)):

2
(@ * (2)(x) o

Sample size =
where “q” is the level of confidence/alpha level (value for the selected alpha level indicates
the level of risk the researcher is willing to take so that the true margin of error may exceed
the acceptable margin). “z” and “r” are the estimates of the variance of the population; the
estimate of variance is calculated as =0.25 (maximum possible proportion (0.5) * 1 = max-
imum likely proportion (0.5), which produces the maximum possible sample size). “w”
is the acceptable margin of error for the proportion being estimated =0.05% (5%) (error
researchers are willing to accept).

If this formula is applied to the study, and an alpha level of 1.65 (0.10), an estimated
variance of 0.5, and an error level of 0.05 were used, the formula would be as follows

(Equation (2)):

"1
r

(1.65)% * (0.5)(0.5)
(0.05)?

Sample size = 272 (resulting in a sample size of 272 respondents).

As mentioned above, according to the Northern Cape Department of Agriculture,
Forestry, and Fisheries [20], 878 smallholder livestock farming units in FBDM were assisted
by the four local municipalities. A sample size of 272 would represent 31% of the total
population and requires the application of Cochran’s [30] formula. Applying this formula
(Equations (3) and (4)) reveals that a sample size of at least 208 respondents would ensure
accurate results.

()

Sample size=
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However, to determine the sample size when exceeding 5% of the population (288.83),
Cochran’s [30] formula should be applied (Equations (3) and (4)):

Sample size

NT= 1+ (NO/population)

®)

272

1l=— 2
N =1 a72/878)

)

N1 =208

The study obtained complete sets of questionnaires from 217 participants, and all the
questionnaires were used. Table 1 shows the distribution of these participants throughout
the different local municipalities.

2.3. Conceptual/Analytical Frame Work

The study used a conceptual framework developed by the authors, as shown in
Figure 2. A blended philosophical approach was adopted in this study to inform the
conceptual framework and unravel the concepts of vulnerability and resilience. The Social
Vulnerability Index (SVI) and the Agricultural Drought Resilience Index (ADRI) are two es-
sential concepts for examining the relationship between smallholder livestock farming
households’ social vulnerability and their resilience to agricultural drought [2,32]. While
vulnerability speaks to the conditions that make smallholder livestock farmers susceptible
to harm, resiliency refers to coping with and recovering from the agricultural drought
that has already occurred. Like its sister concept of vulnerability, resiliency is used across
various fields [8]. This paper empirically evaluates the correlation between smallholder
livestock farmers’ agricultural resilience and social vulnerability measured through the
Agricultural Drought Resilience Index (ADRI) and the Social Vulnerability Index (SVI),
respectively. The study examined a low level of resilience measured when ADRI is less than
zero (ADRI < 0) and a high level of social vulnerability measured by SVI. The concept of
social vulnerability was operationalized with variables of indigenous knowledge, strategies
for preparedness, external support, social networks, security or safety, cultural practices,
education level, social dependence, psychological stress, gender participation, and age,
while the concept of agricultural drought resilience was operationalized with variables
of production of livestock in a drought year, production of livestock in a normal year,
the period (number of months) in which the household consumed food produced by the
household in a drought year, and the period (number of months) in which the household
consumed food produced by the household in a normal year. Then, this study focused on
negative ADRI (<0) related to social vulnerability. These relationships are shown in the
conceptual framework (Figure 2).

2.4. Study Design

Smallholder livestock farmers from the area; the Department of Agriculture, Land
Reform, and Rural Development; and the African Farmers Association of South Africa
(AFASA) were all included as participants in meetings held as part of the standard study
protocol. Participation in the study was voluntary, and all participants were explained
the study’s purpose at the meeting. Through a structured questionnaire, information on
participants’ sociocultural characteristics, demographics, etc., was collected during face-to-
face interviews held between October and December 2020. Ethical approval was granted
by Free State University.
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Figure 2. An analytical framework of the study. Source: Authors” compilation.

2.5. Social Vulnerability Index

The BBC framework (Figure 3) was used to identify variables. The term “BBC frame-
work” is derived from the work of Bogardi and Birkmann [6] and Cardona [33,34]. Figure 3
also depicts the various social factors that have been identified as contributing to agri-
cultural drought-related social vulnerability. Elements of coping capacity, vulnerability,
exposure, and susceptibility interact in the vulnerability segment of the BBC model [35].
Fekete [36] makes the point that no community is entirely secure. Education levels and
indigenous knowledge were classified as coping capacities, which contributed to the re-
silience of agricultural drought-affected communities.

The Social Vulnerability Index (SVI) was used in this study to identify factors influ-
encing smallholder livestock farmers’ social vulnerability to agricultural drought in South
Africa’s Northern Cape Province. A variety of factors influence social vulnerability to
agricultural drought. Three methods were used to make the indicator selection as compre-
hensive as possible. The first method involved discussions and questioning experts such as
smallholder livestock farmers, agricultural extension officers, municipal managers, and
employees from the disaster risk department and the Department of Agriculture, Land
Reform, and Rural Development in determining what factors contribute to social vulner-
ability. The second approach involved gathering indicators from previously published
literature [37-40]. Third, the contextual vulnerability framework (Figure 3) was used to
identify variables and interpret results. Eleven indicators (Table 2) were identified for this
study using a survey and data from Statistics South Africa to assess the level of social
vulnerability to agricultural droughts. A Likert scale was used to quantify vulnerability,
categorizing indicators according to their severity: very low vulnerability (0-1.0), low
vulnerability (1.1-2.0), moderate vulnerability (2.1-3.0), high vulnerability (3.1-4.0), and
very high vulnerability (4.1-5.0).
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Figure 3. Vulnerability conceptual framework. Source: Bogardi and Birkmann [6] and Cardona [33,34],

and authors’ compilation.

A growing concern exists that social grants will discourage unemployed people from
searching for and finding employment opportunities, creating a “culture of dependency
and entitlement” [41]. Individuals who receive grants may also face negative social con-
sequences. One common criticism is that grants boost dependency on the government
in South Africa [42]. The dependency ratio was obtained by adding the percentages of
children (under 15 years of age) and the elderly (aged 65+), dividing that percentage by
the working-age population (aged 15-64 years), and multiplying that percentage by 100 to
obtain the number of “dependents” per 100 people.
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Table 2. Identified indicators to assess the level of social vulnerability to agricultural drought.

Vulnerability Association

Indicators Measurement with Data Source Explanation
Higher Likert scale
Indigenous knowledge Rating rating = more indigenous Study Traditional and cultural beliefs

knowledge associated with
vulnerability

Preparedness strategies

Accessibility of preparedness

Preparedness for Study strategies and plans for

Better prepared = less

agricultural drought vulnerable agricultural drought
Government'’s participation in
Level of agricultural response and mitigation against
External support drought mitigation Greater = less vulnerability Study drought, as well as funding,

information, training, and
interest in agricultural drought

and response

Social networks

Farmers’ organizations
(e.g., African Farmers
Association of Southern Africa;
AFASA), churches, clubs,
stokvels, and family networks

Increased social network
Extent immersion = lower Study
vulnerability

Safety or security

Farm attacks/Livestock theft

Adverse agricultural drought
impacts are less likely to affect
more secure farmers, who tend

to invest in their businesses

Increasing livestock theft
and farm attacks = higher Study
vulnerability

Cultural practices

Influence vulnerability

Status, wealth, and honor are
linked to livestock (cattle).

Non-males are not permitted in
a corral where a large number of

Study goats for religious rituals have

been slaughtered.

An individual is allowed to set

the veld on fire after attending a
sacred dance.

Stronger cultural practices =
greater vulnerability

Social dependence

Study /Statistics

Higher = more vulnerability S.A

Ratio of dependency Social grants

Education level

Education of formal nature

A higher level of education
Study should lead to better
income opportunities

Higher level of
education = less vulnerable

Stress influences

Higher stress = more

The well-being of smallholder

Psychological stress vulnerability vulnerable Study livestock farmers
s Decision-making equality in Less decision
Gender participation activities at the farm level making = more vulnerable Study Male or female
Age >60 years of age Older = more vulnerable Study Value

Source: Authors’ compilation.

Each indicator or variable was given equal weight when calculating the Social Vul-
nerability Index (SVI). Individual factors contributing to social vulnerability at the farm
household level have no theoretical justification or standard procedures for allocating
distinctive weights [38,43,44]. This is due to the various activities involved and the number
of role-players involved. In order to obtain the average SVI for the Northern Cape Province
of South Africa, the study added all the indices together and divided the total number of
indices. The following equation was used to calculate SVI:

svi _ v svi) soi
Vot =Y " wi’vos 5)
SVI svi., SUI . .SUi_, SUI . SUI_ SUI svi_, Ui
VoCrt = f(w1 vol”, w3 vos”, w3 vo3”, ... L. L. wi{ voi] (6)
where Vo = indicators, w = weight, v0j" = age, v05" = gender participation, vo§” = psy-

chological stress, voff’i = social dependence, vogvi = level of education, vo%”i = cultural
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practices and values, vo3”" = safety/security, vog” = social networks, vog” = external sup-

port, v0$%’ = preparedness strategies, vojJ’ = indigenous knowledge, and w$¥';; = uniform

weights applied to each indicator or variable.

2.6. Resilience Index for Agricultural Drought (ADRI)

Using principal component analysis (PCA), the ADRI was computed by totaling live-
stock production during normal years (WnPrn), livestock production during agricultural
drought (WdPrd), the number of months in which a household consumes food produced
by the household in a normal year (WcnMon), and the number of months in which a
household consumes food produced by the household during an agricultural drought
(WcdMod) (Table 3). According to Boukary et al. [45], PCA is concerned with reducing the
dimensionality of a large number of inter-correlated variables in a dataset while preserving
variance as much as possible. This is typically accomplished by transitioning to a new set
of variables, which are the main uncorrelated components required to maintain the variety
of original variables. ADRI is calculated using Equation (7):

ADRI = Wt Pry, + WtgPrg + WtcaMop + Wt.gMog @)

Table 3. Principal component analysis of the Agricultural Drought Resilience Index (ADRI).

Variables Communality Component Factors  Correlation: ADRI
First Extraction 1
Prn 1 0.935 0.967 0.894
Pryq 1 0.958 0.979 0.995
Moy 1 0.955 0.977 0.984
Mon 1 0.280 0.963 0.890

Total = 3.776. Chi-square = 2224.837; Bartlett’s test of sphericity is significant at p = 0.0000; the Kaiser-Meyer-Olkin
(KMO) test of sampling adequacy = 0.636; cumulative (%) = 94.402 and eigenvalue variances (%) = 94.402.

Using SPSS Version 23 software, Bartlett’s test of sphericity and the Kaiser-Meyer—
Olkin (KMO) test were used to analyze the data. Four variables were examined: livestock
production in a normal year (Pry,), livestock production during an agricultural drought (Pry),
the number of months in which a household consumes food produced by the household
during a drought year (Mog), and the number of months in which a household consumes
food produced by the household in a normal year (Mop).

As shown in Table 3, there was a high correlation among variables because they
were measuring the same construct. There was no doubt that the commonalities and the
initial commonalities were all greater than 0.30, a positive sign. Based on the eigenvalue
analysis, one factor was extracted. Regarding the total variance explained, 94.402% of the
components account for it. According to Bartlett’s sphericity test, the null hypothesis that
the inter-correlation matrix is an identity matrix is true.

On the other hand, as the inter-correlation matrix was not derived from a population,
the variable reduction is rejected. In terms of KMO statistics, the model had a KMO
value of 0.636, while the Bartlett test of sphericity showed a significant result (p = 0.000,
chi-square = 2224.837). The ADRI can be written as follows (Equation (8)):

ADRI = 0.979 x Pryq + 0.967 x Prn + 0.977 x Mog + 0.963 x Mon (8)

where:

ADRI: Agricultural Drought Resilience Index;

Pry: production of livestock in a drought year;

Pry: production of livestock in a normal year;

Moyq: the period (number of months) in which the household consumed food produced by
the household in a drought year;

Mop: the period (number of months) in which the household consumed food produced by
the household in a normal year;
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Numerical value: weights derived using PCA (component factors).

2.7. Pearson Correlation Coefficient

Household resilience to agricultural drought and its relationship with social vul-
nerability was assessed using the Pearson correlation coefficient. A Pearson correlation
coefficient (r) shows the direction and degree of correlation between two variables [46,47].
A larger absolute value demonstrates the greater association between social vulnerability
and household resilience to agricultural drought. A Pearson correlation coefficient was
calculated using Equation (9):

" |(SVI; —SVI)(ADRL; — ADRI)

©)
\/Z?zl (SVI; — SVI)’y}, (ADRL; — ADRI)"

where 7 is the number of variables, and i is the number of observations during the study
period. SVIi and ADRIi are the values of social vulnerability and agricultural drought
resilience, respectively. 7 is the coefficient of correlation, and SVI and ADRI are the means
during the study periods.

3. Results
3.1. Social Vulnerability Index

In Table 4, the Social Vulnerability Index to agricultural drought is presented. The
results of a social vulnerability assessment of smallholder livestock producers to agricultural
drought in South Africa’s Northern Cape Province reveal a high vulnerability score of
3.55 (Table 4). Two indicators (cultural practices and security) contributed more strongly
to social vulnerability to agricultural drought in South Africa’s Northern Cape Province.
These two variables all received a score of 5 on the vulnerability scale, indicating a very high
level of vulnerability and less resilience. Findings from the social vulnerability assessment
in Northern Cape Province revealed that 82% of the respondents indicated that cultural
practices influence vulnerability. Most livestock farmers (>85%) indicated that livestock
theft and farm attacks were major challenges.

Four variables (age, gender participation, psychological stress, and external support)
play a significant role in the social vulnerability of smallholder livestock producers to
agricultural drought in South Africa’s Northern Cape province, with a score of 4 (high
vulnerability) (Table 3). Findings from the social vulnerability assessment in Northern
Cape Province revealed that 40% of respondents indicated that their age is above or equal
to 60 years.

Furthermore, the results show that most of the respondents were not satisfied with the
role that the government plays in agricultural drought risk mitigation, which agricultural
extension officers confirmed. Only 16% of respondents indicated that the government is
adequately involved in drought risk reduction. According to the social vulnerability assess-
ment results, external support scored 4, significantly contributing to social vulnerability.

A high level of vulnerability is exacerbated by psychological stress. According to
62% of respondents, stress affects vulnerability. Three variables earned a score of 3: social
dependence, education level, and social networks (moderate vulnerability). Thirty per-
cent of respondents believe that participating in social networks helps reduce the risk of
agricultural drought. Moreover, 33% indicated that they depend on social grants, and 59%
indicated that they have high school and above qualifications. Two variables (preparedness
strategies and indigenous knowledge) earned a score of 2 (low vulnerability).
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Table 4. Estimation of Social Vulnerability Index score.
Social Indicator Findings from Study Index Vulnerability
Indigenous knowledge 69% of participants applied knowledge of indigenous nature 2 Low
Strategies of preparedness 51% actively prepare for drought conditions 2 Low
Government was perceived to play a role in drought risk .
External support reduction by 16% of the sample 4 High
Social networks 30% of participants bglleve that the 1.rlsk from drought is 3 Moderate
reduced by being part of social networks
. Farm attacks and livestock theft were reported as major .
Safety or security challenges by more than 85% of participants > Very high
Level of education 59% had secondary education or higher 3 Moderate
Social dependence 33% dependency ratio 3 Moderate
. According to 62% of the participants, vulnerability was .
Psychological stress affected by stress 4 High
Gender participation 72% of participants fglt that gegder influences decision 4 High
making in agriculture
. Vulnerability is reportedly influenced by cultural practices .
Cultural practices according to 82% of the participants > Very high
Age 40% of participants were 60 years of age or older 4 High
Total score 39
SVI (total score + no. of variables): 39/11 = 3.55 High
STDV 1.04

Note: Rating calculated for SVI: (0 to 1.0) very low vulnerability, (1.1 to 2.0) low vulnerability, (2.1 to 3.0) moderate
vulnerability, (3.1 to 4.0) high vulnerability, and (4.1 to 5.0) very high vulnerability. Source: Authors’ calculation.

3.2. Agricultural Drought Resilience Index (ADRI)

The ADRI of the study area was calculated using Equations (6) and (7). An ADRI value
greater than zero represents agricultural-drought-resilient households. In contrast, an ADRI
value less than zero represents households that are not resilient (vulnerable) when faced
with agricultural drought. According to the ADRI values, 79% (172) of livestock-farming
households were not resilient to agricultural drought, while the remaining 21% (45) were
resilient. This study focused on negative ADRI (<0) related to social vulnerability (Table 5).
This result implies that due to a lack of resilience to agricultural drought, a high degree
of social vulnerability was experienced by 79% of livestock-farming households, and only
21% of these households were resilient to agricultural drought. Drought conditions occur
frequently in the Northern Cape Province, and a delay in or lack of rainfall can negatively
impact smallholder livestock farmers, resulting in social vulnerability.

Table 5. Calculated and summary statistics of the Agricultural Drought Resilience Index of the

study area.
N Mean Stand. Dev. Min Max
ADRI 217 0.00 —0.26 9.80 1.00
ADRI >0 45 0.51 1.87 0.14 6.69
Negative
ADRI <0 172 —7.00 6.88 —2.43 —0.008

Source: Authors’ calculation.

3.3. The Relationship between Household Resilience and Social Vulnerability (Pearson’s
Correlation Coefficient)

The study related the SVI to the negative ADRI to establish whether decreased re-
silience is associated with increased vulnerability. The idea that the SVI is related to the
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ADRI of smallholder livestock farmers is supported by the results of this study. The SVI
had a mean of 3.55 and a standard deviation of 1.04 (Table 6). Further, the result indicates
that more vulnerability implies less resilience and vice versa. The negative ADRI score
had a mean of —7.00 and a standard deviation of 6.88. Pearson’s correlation coefficient
was —0.4 with T-statistics of 0.61 and a p-value of 0.03, indicating that ADRI and SVI have
a negative correlation at a 5% significance level (Table 5). The practical implications are
that policy makers, authorities, and emergency planners should prioritize and identify the
target resources needed in FBDM to enhance the resilience to agricultural drought and
reduce social vulnerability.

Table 6. Summary statistics of Agricultural Drought Resilience and Social Vulnerability Indexes of
the study area.

N Mean Stand. Dev. Min Max

ADRI 217 0.00 —0.26 9.80 1.00

ADRI >0 45 0.51 1.87 0.14 6.69

Negative ADRI <0 172 —7.00 6.88 —243 —0.008
SVI 217 3.55 1.04 2 5
Correlation
coefficient (rs) —0.40

T-statics 0.62
p-value 0.03

Source: Authors based on the survey.

4. Discussion
4.1. Social Vulnerability

Age, psychological stress, gender, level of education, social dependence, safety, culture,
security, external support, preparedness, and indigenous knowledge affect social vulner-
ability. This implies that a significant disparity in agricultural drought risk mitigation
decision making will significantly impact social vulnerability. As a result, female participa-
tion in decision making and farming was adversely affected and more limited. A score of
5 indicates high vulnerability for cultural values and practices linked to this indicator. In the
face of imminent agricultural droughts, women traditionally cannot make decisions about
cattle reductions. Cultural values and traditions also contribute to men’s pride when they
own larger numbers of livestock. They will be reluctant to reduce their livestock numbers
in the face of drought. A study on communal farmers in the Eastern Cape Province of
South Africa by Muyambo et al. [37] revealed a disparity in gender participation in decision
making. Researchers have found vulnerability to be highly gendered [48-51]. Moreover,
the results of this study revealed that 72% of respondents attributed gender participation
to agricultural decision making.

External support scored 4 in this study for the social vulnerability assessment, sig-
nificantly contributing to social vulnerability. Only a few respondents specified that the
government was involved in reducing drought risk. Studies conducted by Ngaka [52] and
Bahta [53] also indicate a low level of government willingness and interest to be involved
in agricultural drought actions, including reducing agricultural drought risk. This implies
that smallholder livestock farmers are susceptible to agricultural drought and social vulner-
ability. In contrast, Ortega-Gaucin et al. [54] reported that the government introduced a
policy intervention focused on risk management and drought prevention and mitigation
measures to reduce the impact of drought in Mexico.

It is well known that psychological stress significantly impacts social vulnerability to
agricultural droughts, and this study established that psychological stress plays a significant
role. Other studies have found stress to be the United States’ number one killer, backed
up by this study [55]. The effects of the worst agricultural drought in the country led a
commercial cattle farmer, 34 years of age, to commit suicide on 29 December 2015 in the
Eastern Cape Province of South Africa [56]. Moreover, there was an increase in suicides in
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the Northern Cape in 2016 among farmers over the age of 55 [57]. The findings imply that
the government and other stakeholders need to work together to assist farmers and avoid
unnecessary loss of life.

Moderate vulnerability is indicated by education level, social networks, and social
dependence (Table 4). Gardiner [58] found that one more year of schooling increased wheat
and rice farm output by 1.28%. Climate change risks can be perceived and understood by
literate people so that they can take action. According to the findings, farmer resilience to
agricultural drought was attributed to indigenous knowledge. No community is completely
unaffected, as Folke asserted [7]. Indigenous knowledge can be beneficial to a rural
community. Communities with indigenous knowledge of agriculture will be able to deal
with agricultural droughts more easily. This is echoed by UNEP [59]; most African local or
indigenous populations still rely on indigenous knowledge. Elderly people use traditional
wisdom to mitigate disaster effects. According to Muyambo et al. [60], most respondents
(64.4%) used indigenous knowledge in their farming practices. This implies that education,
either formal or informal (indigenous knowledge), has an impact on agricultural drought
resilience and social vulnerability. It equips farmers with the necessary information to
reduce the effects of agricultural drought to a certain extent.

The social network has a moderate vulnerability score of 3. In contrast, Muyambo et al. [37]
found that farmers were incredibly susceptible to the impacts of agricultural drought
because they lacked drought preparedness strategies and social support, significantly
reducing their ability to cope. This study’s findings concur with Kuhlicke et al. [61], who
found that reducing social vulnerability requires community networks and preparedness
techniques. This implies the significance of social networks to support smallholder livestock
farmers when drought occurs, such as by sharing access to some resources.

Indigenous knowledge and preparedness strategies, which scored 2 (low vulnerabil-
ity), positively impacted agricultural drought resilience. The Northern Cape Province social
vulnerability assessment showed that 51% of participants were prepared for a drought,
and 69% practiced indigenous farming methods. Muyambo et al. [60] found in their study
of communal farmers that indigenous knowledge enhances resilience to the impact of
agricultural droughts, contrary to these findings. Moreover, they discovered that strategies
of preparedness had very high vulnerability (score 5), in contrast to this study (low vul-
nerability, score 2), which means Eastern Cape communal producers were not prepared as
well for droughts as smallholder livestock producers in the Northern Cape.

In summary, all 11 social vulnerability indicators—old age, gender stereotypes, psy-
chological stress, social dependence, dependence on culture, lack of security and safety,
lack of support, lack of preparedness, and inappropriate usage of indigenous knowledge—
affect social vulnerability of smallholder livestock farmers, this implies that not enhancing
smallholder livestock farmers resilience to agricultural drought and vice versa. This study’s
findings align with Maltou and Bahta [62] and Nunes [63], who found that households
were more resilient to agricultural droughts when they received government assistance
and access to assets and resources.

4.2. Agricultural Drought Resilience

In the Frances Baard District Municipality, the resilience index for an average house-
hold was —7.00, which indicates that average households cannot withstand agricultural
drought. Additionally, the findings confirmed that only 21% (45) of farming households
participating in smallholder livestock farming were able to withstand agricultural drought.
In other words, 79% (172) of smallholder livestock farmers cannot withstand agricultural
drought, which implies that the government should provide them with funds, fodder,
and other farm inputs during the dry season. This study’s findings agree with the results
from Bahta [64], who found that the social vulnerability of South African livestock farmers
would be minimized by improving smallholder farmer resilience to drought. As part of
the constituents of community resilience, Maltou and Bahta [62] emphasized that small-
holder livestock farmers need assistance in effective communication and resource exchange
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amongst community members. Moreover, Nunes [63] found that vulnerability reduces
access to and availability of human, financial, physical, place-based, and social assets. As a
result, the resilience of farmers would decline.

4.3. The Relationship between Social Vulnerability and Household Resilience

Smallholder livestock farmers are likelier to experience losses and lack the resources
to recoil efficiently, as the study finds that vulnerability and resilience are correlated. This is
not surprising since less than 21% of the survey sample reported having sufficient resources
to protect against agricultural droughts and capital that can be implemented in reaction
to risks. In comparison, livestock farmers who are poor in resources (79%) are expected
to lack safety nets when preparing for and responding to agricultural drought, are more
vulnerable, and are less resilient. This reflects disproportionate trends in social capital and
resource dispersal. The findings have practical implications and policy makers, emergency
planners, and authorities should prioritize and identify the target resources needed in the
area of study to enhance resilience to agricultural drought and reduce social vulnerability
through different policy intervention programs. Derakhshan et al. [65] found that the Social
Vulnerability Index (SVI) is negatively associated with Baseline Resilience Indicators for
Communities (BRIC). Bergstrand et al. [1] also found that a higher level of vulnerability was
correlated with a lower level of resilience in counties across the United States, suggesting
that the least resilient countries are also the most vulnerable. This study used primary data
collected through face-to-face interviews; however, the COVID-19 pandemic caused some
data collection delays, and the language barrier was also a limitation. The most widely
spoken languages in the Northern Cape Province are Afrikaans and Setswana (local South
African languages), making communication between the researchers and the respondents
difficult. The Social Vulnerability Index was calculated using only 11 variables, and the
study also focused only on smallholder livestock farmers, which is also a limitation.

5. Conclusions

This article assesses the relationship between the resilience of smallholder livestock
farming households and social vulnerability to agricultural droughts. The study revealed
a correlation between high vulnerability and less resilience to agricultural drought in
smallholder livestock farming households. This implies that smallholder livestock farmers
are susceptible to agricultural drought, and that disparities in agricultural drought risk
mitigation decision making significantly impact social vulnerability. This study can be
used by policy makers, different stakeholders, authorities, disaster planners, and others
as input/guidance to identify high-risk district and local municipalities as well as socially
vulnerable smallholder livestock farmers in disaster response and preparation. Further,
this work can be used to assist farmers by implementing policy interventions to prepare
households and reduce harm prior to the recurrent agricultural drought that has been
happening in South Africa in particular and Sub-Saharan Africa in general, as well as
to provide direct assistance and resources to the highly vulnerable smallholder livestock
farmers to enhance their resilience and reduce social vulnerability to agricultural drought.

Examining household resilience to agricultural droughts and social vulnerability can
be seen as a tool to identify district municipalities at risk. This information can assist
emergency planners in allocating resources and directing intervention programs to the
areas most likely to require them during disasters such as agricultural drought. By fostering
smallholder livestock farmers’ perseverance and adaptation, the government and major
participants in the agricultural sector should focus on disadvantaged smallholder farmers
in order to increase their resilience. Some of the help might come in the form of providing
fodder, improving access to resources, and boosting smallholder farmers’ participation in
drought-resilient agricultural practices by providing training and information.

The authors recommend that future research in developing countries concentrate on
economic and environmental vulnerability in relation to agricultural drought resilience for
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smallholder and commercial livestock and crop farmers, as this was beyond the scope of
this study.
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