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Abstract: Drought is a natural phenomenon which can cause widespread socio-economic and envi-
ronmental impacts. Recent predictions suggest that drought frequency and intensity will increase
in Southern Africa; therefore, there is a need for more scientific information on drought impacts
and responses by vulnerable groups such as smallholder farmers. This scoping review examines
the current state of research and conceptual insights on the impacts of drought on and responses
by smallholder farmers in rural and urban settings in South Africa. We used three bibliographic
databases (Scopus, Web of Science, and EBSCOHost) to search for peer-reviewed literature pub-
lished on South Africa. In total, 18 articles were reviewed, and information on drought impacts
and responses among smallholder farmers was analysed and synthesised. Although most of the
reviewed papers identified several socio-economic (e.g., loss of livestock, income, and employment)
and environmental (e.g., loss of grazing land and vegetation) impacts of drought, the identified
impacts were rarely quantified, and there is a lack of analytical depth of these impacts. Smallholder
farmers in South Africa implement several drought responses, and these were categorised based
on (i) changes in local practices and lifestyles e.g., practising conservation agriculture, (ii) structural
measures e.g., government relief programmes, and (iii) technical interventions e.g., rain harvesting.
None of the reviewed papers reported on the impacts of and responses to drought on smallholder
farmers in urban settings. Overall, the review noted that the literature on drought in South Africa
lacks detailed quantification and analysis of drought impacts and responses, the urban drought
context is poorly understood, and there is a lack of clarity on the distinction between adaptation and
mitigation strategies. Improving our understanding of drought impacts across a rural-urban gradient
is important if responses are to effectively reduce smallholder farmer drought vulnerability.
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1. Introduction

The frequency and severity of extreme weather events, including drought, have sig-
nificantly increased in the past few years [1]. The recent IPCC [1] report claims that
human-induced climate change is already affecting weather patterns, as evidenced by fre-
quent occurrences of drought and heatwaves. According to Naumann et al. [2], drought is
defined as the period of abnormal soil moisture deficit caused by a shortage of precipitation,
increased temperature, and excess evapotranspiration, resulting in adverse impacts on
agricultural production and ecosystem functioning. Similarly, the IPCC [1] define drought
as “a period of abnormally dry weather long enough to cause serious hydrological imbalances” .
The above-mentioned definitions are centred on abnormal dry weather conditions, aridity,
water scarcity and the associated harm to agriculture and the environment, thus making
the definition more meteorological and agricultural. In contrast, [3] viewed drought as a
complex interaction of both natural and anthropogenic processes that influences the water
balance. This view on drought takes into consideration socio-economic drought, which
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occurs when shortage of water supply results in increased demand for economic goods. In
trying to propose a more generic definition, [3] defined drought as “an exceptional lack of
water compared with normal conditions”. Indeed, the recent UNDRR [4] report acknowledges
that drought is challenging to define due to its complex nature as well as variations across
climatic regions and scientific disciplines. According to UNDRR [4] drought is both a
natural hazard and physical phenomenon that can trigger a disaster when vulnerability
and response capabilities are not sufficient to deal with the effects of drought.

The increase in global population, which has resulted in the increased demand for
water under already existing poor water management and infrastructure [5], can exacerbate
drought leading to increased socio-economic vulnerability [2]. Since the 1960s, Africa
has experienced more than 382 drought events that have affected millions of people,
particularly in the Sahel and Southern Africa regions [6]. In South Africa, major drought
events have been recorded in 1973-1974, 1983-1984, 1991-1992, 1994-1995, 20142016,
and 2017-2018 with devastating socio-economic and environmental impacts [7-9]. The
2014-2016 drought in South Africa turned the country from a grain exporter to a grain
importer [8,10]. According to Shiferawo et al. [6], between 1960 and 2006, drought events
accounted for approximately 25% of all-natural disasters in Africa. The recent IPCC report
suggests that drought events in Africa will increase due to increased human-induced
climate change [1]. The financial costs of drought are substantial. For example, GDP in
SADC countries declined by approximately US$0.81 billion due to the 2015-16 EI Nino
induced drought [11]. In Europe, the economic consequences of drought in the 2000s is
estimated at six billion Euros per year [2].

Drought is more than a natural hazard and physical phenomenon that can trigger
serious socio-economic and environmental impacts, especially on the resource-poor and
vulnerable communities [12]. Drought directly affects agricultural productivity, human
and animal health and can cause vegetation loss, as well as water scarcity resulting in food
insecurity and poverty [6]. Indirectly, drought can result in environmental degradation,
increased food scarcity, reduced human welfare, and in some cases, can trigger social
unrest [12]. In Africa, drought has caused significant impacts on the agricultural sector,
including degradation of grazing lands, loss of crops, depletion of agricultural assets,
impoverishment of farmers, particularly the more vulnerable smallholder farmers, and
forced migration from communal areas to urban areas [6]. For example, the 2018-2019
drought in Zimbabwe resulted in low crop yields and loss of livestock, resulting in farm
fallowing by many subsistence farmers [13]. In Mali, the 2015 drought resulted in the
starvation of more than 300,000 people due to food insecurity [14,15]. In South Africa, the
2014-2016 drought resulted in vegetation and wildlife loss in protected areas, although the
impacts were not catastrophic [16]. Recently, the 2017-2018 drought in the Western Cape
Province of South Africa resulted in water restrictions which, in turn, resulted in knock-on
effects on the economy, human health, and sanitation [9,17]. Therefore, drought impacts
are diverse, affecting society, the environment, and economies differently.

The negative impacts of drought can result in shocks to individuals and the economy;
hence there is a need to develop effective drought responses [8]. Drought interventions
are classified as adaptation and mitigation strategies. The former refers to interventions
aimed at coping with droughts, such as climate proofing (retention of soil moisture, use
of drought and heat-tolerant crops and conservation agriculture) and irrigation systems.
The latter refers to strategies for reducing the impacts of droughts, such as food relief [18].
Williams et al. [19] emphasised the need to develop effective drought coping, adaptation,
and recovery strategies at different levels such as household, community, and state. In
the past, responses to drought have been mainly reactive, mainly in the form of drought
relief programmes [20]. Drought relief programmes by government and non-governmental
organisations such as food and stock feed provisions have been viewed as ineffective
because they tend to be reactive and offer few incentives for local people to change their
approaches, particularly towards preparing for future droughts [21]. In response, drought
risk management experts are advocating for the development of proactive adaptation
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strategies for increasing drought resilience [20]. Pro-active adaptation strategies such as
drought monitoring and ecological restoration are viewed as effective measures aimed
at strengthening socio-economic and ecological systems to facilitate effective drought
recovery [20]. More place-based local proactive adaptation strategies such as shifting crop
planting dates, change in farming type, and reforestation projects have been implemented
in South Africa and elsewhere [22]. However, for pro-active adaptation strategies to be
effective, they need to be backed by policy, effective institutions, and the involvement of all
stakeholders [8].

Within the agricultural sector, smallholder farmers can disproportionately bear the neg-
ative impacts of drought due to their high levels of vulnerability. Generally, a smallholder
farmer is viewed as a person practising mixed crop-livestock farming on a small piece of
land. This farming system heavily relies on low labour intensity to produce crops and live-
stock products for household food consumption and for cash income generation [23,24]. In
general, smallholder farmers utilise between 1-5 ha of land for growing several crops such
as maize, cotton, tobacco, and horticultural crops [25]. Furthermore, smallholder farmers
are generally less equipped in terms of infrastructure, human and financial resources and
agricultural equipment than large-scale farmers.

However, the contribution of smallholder farmers to food security cannot be under-
estimated. In sub-Saharan Africa, it is estimated that smallholder farmers produce about
75-80% of the food [26,27], which contributes tremendously to food security [28] and house-
hold welfare [29]. Despite the key role of smallholder farmers in enhancing food security, it
is estimated that they use about 12% of the world’s agricultural land [30], indicating high
levels of marginalisation.

In South Africa, smallholder farming is largely concentrated in former homeland
areas [31] and municipal commonages [32,33]. In these areas, agricultural productivity is
generally constrained by a plethora of challenges, including land tenure insecurity, scarce
arable land, limited access to water resources, markets, and poor extension support [34].
The increased frequency of droughts in sub-Saharan Africa, including South Africa [35], is
likely to push the urban and the rural poor into further poverty.

Evidence shows that the national livestock herd declined by 15% while crop pro-
duction declined by 8.4% and the farming debt increased by 9% in South Africa due to
the impacts of drought [10]. This is a cause for concern because the effects of drought
pose a serious threat to people’s livelihoods, nutrition, and food security [36]. Empirical
work on the impacts of droughts on smallholder farmers is growing in South Africa but
is mainly from a rural perspective. Further, while smallholder farming is common in
urban spaces [37], to the best of our knowledge, there is no consideration of the impacts of
drought on smallholder farmers across a rural-urban gradient. Consequently, it is difficult
to examine how broader biophysical, socio-economic, and institutional contexts influence
the impacts of and responses to droughts. Therefore, a clear understanding of the impacts
of and responses to drought on smallholder agricultural producers in rural and urban
settings is required to advance our understanding of drought impacts needed for designing
appropriate and supportive drought response strategies [35].

Considering this background, this scoping review examines the current state of re-
search and conceptual insights on the impacts of and responses to drought on smallholder
farmers in rural and urban settings in South Africa. Review outcomes can be used to
(i) guide future research on drought impacts, and (ii) inform policymakers on ways to
adjust and calibrate mitigation strategies.

2. Methods

Based on the methodological framework outlined by Arksey and O'Malley [38], a
scoping review was conducted to synthesise the current state of research and conceptual
insights on the impacts of and responses to drought on smallholder farmers in South
Africa. The review included the following three steps: (1) defining the research question;
(2) literature gathering; (3) data analysis and reporting of results.
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2.1. Research Question

Given that the scoping review forms part of the special issue on ‘“The impacts of
drought on ecosystem services and livelihoods in the Global South’, the review was guided
by the question “What is the current state of research and conceptual insights on the impacts
of drought on and responses by smallholder farmers in South Africa? We adopted a
scoping review approach because it enabled us to comprehensively synthesise, document
knowledge gaps and identify policy implications on the impacts of and responses to
drought on smallholder farmers in South Africa [38,39].

2.2. Literature Gathering

To gather literature, numerous search queries consisting of keywords such as (‘small-
holder farmer” AND ‘drought” OR ‘drought effects” AND ‘adaptation strategies” OR ‘mit-
igation strategies” AND ‘South Africa) were used to search for existing peer-reviewed
literature relevant to this study in three bibliographic databases (Scopus, Web of Science,
and EBSCOHost). In order to be as comprehensive as possible, the search queries had no
limits to date and were tailored to suit the requirements of each bibliographic database. In
addjition to the three bibliographic databases, Google Scholar was used to identify any other
relevant literature that might have been missed in the above-mentioned three bibliographic
databases. Using the search queries, a total of 87 articles were identified across the three
bibliographic databases and Google Scholar (Figure 1).

Identification

Screening

Eligibility

Included

e

Records identified through the
database searching
(n=87)

N\ Articles exploring the
impacts of and responses
Selection screened on the basis of to drought on
title and abstract smallholder farmers in
(n=51) South Africa
Full-texts articles assessed for Review of the reference
eligibility (n=36) lists.

Articles included in the study (n=18)

Figure 1. Steps taken in selecting literature.

During the process of selecting articles, five duplicate studies were removed. Title
screening led to the exclusion of 16 articles, and a further 30 were removed during the
abstract screening process. In total, 51 articles were excluded because most of the articles
did not explicitly focus on the impacts of and responses to drought on smallholder farmers
in South Africa. Most of the excluded articles were related to the adaptation responses
of large-scale commercial farming [40,41]. Therefore, only 36 articles met the eligibility
criteria (Figure 1), and these were subjected to full-text screening. Full-text screening used
the following criteria:

e  The articles needed to focus on drought impacts on smallholder farmers in South
Africa, whether in a rural or urban setting.
e  Describe at least one response to the impacts of drought.
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e  The articles needed to be in English.

Full-text screening resulted in the exclusion of 18 articles, and some of the excluded
articles focused on the impacts of day Zero in Cape Town [9] and other non-peer-reviewed
articles [42]. Therefore, only 18 articles were considered for the in-depth review, where
information on the impacts of and responses to drought on smallholder farmers in South
Africa was analysed and synthesised (Figure 1).

2.3. Data Analysis

Step 3 of the scoping review process involved data analysis. Analytical notes were
written along each article to extract data from the 18 articles that met the inclusion criteria
(Table S1). Manual coding was conducted to identify key phrases or sentences that referred
to the impacts of and responses to drought. The coded data from the analytical notes were
then compiled in a single Microsoft Excel spreadsheet, where descriptive statistics were
calculated to summarise the data [43].

3. Results and Discussion

Of all the 18 reviewed articles, no study reported on the impacts of and responses
to drought on smallholder farmers in urban settings in South Africa. This highlights a
dearth of studies analysing the impacts and responses to drought in urban environments.
The number of articles discussing drought impacts and responses amongst smallholder
farmers was generally low between 2010 and 2018, averaging one article per year, but
increased recently (between 2019 and 2021) averaging three articles per year (Figure 2).
Nevertheless, the reviewed studies reported on a number of impacts on rural-smallholder
farmers. Such impacts include social, economic, and environmental impacts, as well as
responses strategies to these effects.

2010

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Year

Figure 2. Plot of the number of articles published annually between 2010-2021 on drought impacts
and responses amongst smallholder farmers in South Africa.

3.1. Impacts of Drought
3.1.1. Social Impacts

Drought has substantial negative social impacts on smallholder farmers in South Africa.
In this review, 17% (n = 3) of the reviewed papers indicated food insecurity as the main social
impact of drought [8,35,44]. For example, in uMsinga, in KwaZulu-Natal province, many
smallholder farmers reported increased food insecurity during the 2014-2016 drought [35].
The same study also indicated that the reported cases of food insecurity were in the form of
limited food choices and malnutrition, which resulted from the loss of crops and livestock.
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Only one study reported that a high proportion of the interviewed smallholder farmers
in the above-mentioned study area identified increased poverty and migration during
the 2014-2016 drought [35]. Increased poverty levels and migration from rural to urban
areas in search of better-paying jobs were linked to unemployment and economic stress
caused by drought. Only two studies reported that drought affected livestock health due to
increased temperatures and deteriorating animal drinking water quality [35,45] (Table 1).

Table 1. Categories of drought impacts identified in South Africa.

Category Impacts

Food insecurity
Increased poverty
Migration
Unemployment
Decreased animal health

Social impacts

Livestock loss

Crop loss

Income loss

Decrease in livestock and land prices
Increased food prices

Economic impacts

Loss of grazing land

Loss of water

Deterioration of water quality
Contamination of drinking water
Increase in temperature

Loss of vegetation

Environmental Impacts

The social impacts of drought on smallholder farmers are well documented glob-
ally [19], with food security being regarded as the main social impact in Africa, given the
continent’s dependence on the agricultural sector [46]. The drought can negatively affect
all four dimensions of food security, namely food availability, access, utilisation, and stabil-
ity [47]. For example, the economic loss to livestock production in KwaZulu-Natal because
of the 2014-2016 drought is estimated to be more than ZAR 10 billion, which is likely to
have resulted in cases of severe food insecurity in the province [16]. Also, Agri SA [10]
and Lottering et al. [35] reported that most drought events in South Africa have resulted in
poor crop yields resulting in the country importing cereals due to food insecurity. Food
insecurity due to drought affects both food quantity and quality, although most studies
tend to focus on food quantity than quality [48]. Due to a high reduction in agricultural
income during drought periods, cuts in some important food items among families can
result in reduced food quantity and quality, which might lead to malnutrition.

Drought is also associated with poverty, migration, and high levels of unemployment
among rural farmers [35]. For example, drought can reduce farm income due to reduced
agricultural production and loss of work due to reduced demand for labour owing to
limited agricultural activities. South Africa is projected to experience huge decreases in
agricultural productivity due to drought and other climate change related natural disas-
ters [10]. The reduction in agricultural productivity will negatively affect food supply,
which will result in increased unemployment and poverty [35]. The agricultural sector re-
mains an important driver of economic development in South Africa, yet drought threatens
to derail the pathway to economic growth due to food insecurity and poverty.

3.1.2. Economic Impacts

The loss in agricultural productivity among smallholder farmers, particularly livestock
and crop loss, was reported in 67% (n = 12) and 22% (n = 4) of the reviewed papers,
respectively (Table 1). Swemmer et al. [16] reported that the 20142016 drought resulted in
approximately 33% cattle mortality in Giyani, Limpopo. Swemmer et al. [16] reported that
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most of the interviewed farmers in the Msinga area of KwaZulu Natal lost approximately
43% of their cattle and 29% of their goats during the 2015-2016 drought. Bahta [49] reported
that during the 20152016 drought, a significant number of farmers (approximately 64%)
in Northern Cape Province in the France Baard District Municipality lost their livestock
through drought related deaths, whilst others opted to sell the animals at low prices as
a drought coping strategy. A recent study by Rakgwale and Oguttu [50] reported that
smallholder farmers in the Greater Letaba Local Municipality in Limpopo lost about five
livestock per farmer during the 20142016 drought, a significant number for these farmers
given their small herd sizes. Surprisingly, most studies acknowledged that crop yield
losses were a result of the decline in rainfall and soil moisture [35,44,49,51,52] but none of
the reviewed studies quantified crop losses. Declines in livestock and crop productivity
result in income losses to famers; however, in this review, only two reviewed papers
acknowledged the loss of income as an economic impact of drought [35,53]. Besides the
loss of income from livestock deaths, it was also acknowledged that the selling of animals
and farm assets at low prices, increased fodder prices during drought years, and the buying
of animal vaccines and disease treatment chemicals resulted in further income losses for
farmers [35,54]. The economic impacts of drought associated with decreases in livestock
prices and land prices were identified by Lottering et al. [35] and Ngaka [53], respectively.
Only two studies reported increased food prices as an economic impact of drought faced
by smallholder farmers [8,35].

Several drought-related economic impacts (e.g., livestock, crop, and income loss)
were mentioned in most of the papers we reviewed; however, few papers quantified
the magnitude of economic losses, and none valued the loss in monetary terms. The
2015 drought in South Africa is estimated to have resulted in income losses amounting to
billions of rands due to crop and livestock losses [10], but this loss is not disaggregated
by farming type and regions. Crop failures and animal loss due to loss of moisture and
grazing pastures, respectively, are the main drivers of economic losses associated with
drought in communal areas. For most smallholder farmers, the economic losses are huge
because agricultural activities depend on natural rain compared to commercial farmers
who have irrigation infrastructure [35]. Recent reports suggest that maize production
among smallholder farmers in South Africa dropped significantly between 2014-2016
due to drought [8,10]. This drought-driven reduction in maize production will result in
significant food insecurities and economic losses to farmers and the country. Moreover,
drought is behind the decline in wheat production, resulting in South Africa importing
more than one million tons of wheat during the 20142016 drought [10]. This is likely to
have an adverse impact on ordinary people across the country as bread prices continue
to increase. Similarly, livestock farming plays a key livelihood role for most smallholder
farmers; however, the loss of grazing lands, drinking water, and heat stress has contributed
to economic losses for most farmers [45]. These income losses further push smallholder
farmers into poverty as they struggle to sustain livelihoods and buy basic food during
drought years.

Loss of agricultural productivity during drought will trigger further losses in the
agricultural sectors, including increased imports of agricultural products, loss of revenues
from the agricultural sector, and increased food prices. For example, Austin [55] reported
that the 1991-1992 drought in South Africa resulted in approximately 52% decline in
cereal yields and 27% decline in agricultural gross domestic product. Such drought driven
economic declines have knock-on effects on society and individuals as the increase in food
products will push more people into poverty.

3.1.3. Environmental Impacts

A handful of drought impacts on the environment were mentioned in the review,
including loss of grazing land (33%, n = 6), loss of water (17%, n = 3), deterioration of water
quality, contamination of drinking water, increase in temperature (11%, n = 2), and loss of
vegetation (11%, n = 2) (Table 1). Lottering et al. [35] showed that 34% of the interviewed
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participants in uMsinga, KwaZulu-Natal reported a loss of grazing, loss of water, and
deterioration of water quality as the main environmental impacts facing smallholder
farmers. Vetter et al. [45] showed that the loss of grass, trees, and water sources in grazing
lands resulted in severe animal deaths as animals were weak and had to walk long distances
in search of food and water. In contrast, Swemmer et al. [16] reported that the impact of
drought on grazing grass composition was varied as some areas showed a decrease in some
palatable grass species whilst others showed an increase. They also reported that the impact
of drought on savanna trees and shrub mortality was not widespread as mortality rates
for some tree species was recorded in some regions but not others. Jordaan et al. [56] and
Maponya and Mpandeli [57] found that the loss of grazing grass was severe in degraded
areas since vegetation did not grow, leaving smallholder farmers in these areas with limited
fodder for their livestock. Water scarcity and decreased quality resulted in soil moisture
depletion and low dam levels [35]. These soil and dam water shortages resulted in crop
failures, loss of grazing land, and water scarcity for animals [35,45,58]. These drought
related impacts are exacerbated by an increase in temperature, which characterises most
drought conditions. Hot temperature conditions were found to cause a major threat to
ecosystems [35,45].

Environmental impacts of drought on smallholder farmers are easy to identify because
most of them manifest in reductions in crop and livestock production [16]. However, few
papers quantify these environmental impacts because some impacts such as loss of tree
species tend to manifest after the drought. In some cases, the effects vary depending
on the area (e.g., flora is not uniformly affected by drought across different vegetation
types) [16,45]. Drought alters ecosystem processes and functions mainly through its impacts
on water availability, increased temperature, and soil moisture loss [35]. Water and soil
moisture deficit caused by drought drives ecosystems beyond their resilience thresholds,
thus leading to negative environmental effects [45]. For example, the increase in tempera-
ture during drought results in loss of soil moisture, leading to reduced plant growth and
loss of grazing land, which will subsequently cause livestock loss [45]. This makes the
impact of drought on the environment cascading as impacts such as increased temperature
accelerate the crossing of thresholds resulting in induced effects in other connected human
and ecological subsystems.

Drought is associated with water deficit and decrease in water discharge in rivers.
Water quality tends to decrease during decreased water levels in rivers due to accelerated
algae growth caused by increased nutrient suspension and decreased dissolved oxygen
concentration [59]. Changes in water quality can trigger human and animal health problems
due to drinking contaminated water. Keshavarz et al. [60] highlighted that access to
clean water is compromised when drought occurs, leaving both humans and animals
vulnerable to waterborne diseases such as cholera, typhoid and diarrhoea for humans and
salmonellosis for animals. Therefore, the effect of drought on water resources severely
affects livelihoods leaving most people in poverty.

3.2. Drought Response Strategies

Literature on the social-economic impacts of drought documents different coping
strategies that smallholder farmers implement to cope with drought impacts. Understand-
ing how and why smallholder farmers respond to the impacts of drought can provide
insights into the range, forms and types of coping strategies which can enhance future
adaption strategies [52]. Out of all the papers reviewed, 83% (n = 15) dealt with drought
coping strategies that include short-term relief programmes to long term changes in prac-
tices and sustainable technological innovations. The suite of coping strategies reported can
be divided into three, namely changes in local practices and lifestyles, structural measures,
and technical interventions (Table 2).
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Table 2. Reported drought coping strategies.

Category Coping Strategies

High yielding crop varieties
Drought resistant crops

Changing planting dates

Planting fast maturing crop varieties
Mixed cropping

Crop rotation

Conservation agriculture (zero and
minimum tillage)

Adjusting fertiliser inputs

Food reserves

Buying supplementary food

Farm abandonment and fallowing
Seeking employment

Changes in local practices and lifestyles

Destocking or culling

Buying supplemental feed
Selling livestock

Moving livestock to new areas
Reducing calving rate
Remedies

Abandoning farming

Getting cash loans

. Government interventions
Structural measures ° NGO support
Social networks

Irrigation systems
Technical interventions ° Rain harvesting
Drilling boreholes

3.2.1. Changes in Local Practices and Lifestyles

Concerning changes in local practices and lifestyles, the reviewed studies show varied
drought response measures including the use of high yielding crop varieties, drought-
resistant crops, changing planting dates and shortening cycle crop varieties, intercropping
and conservation agriculture, among others. The review shows that farmers responded
to the effects of drought by growing improved and short-cycle varieties. For example,
Kom et al. [52] reported that smallholder farmers in Vhembe District in Limpopo province
of South Africa have noted an increasing decline in crop yields and pest attacks on tradi-
tional crops due to droughts. In response, they have been gradually replacing indigenous
seed species, including traditional beans and maize species, with sweet potatoes, sugar
beans, tomatoes, Irish potatoes, and hybrid maize seeds. Droughts are also associated
with unpredictability of and prolonged dry spells with adverse impacts on crop growth
and productivity. In response, farmers report shifts from cultivating traditional crops to
cultivating drought-resistant cultivars and crops such as maize, beans and onion varieties,
among others [35,52]. However, Mpandeli et al. [44] found that smallholder farmers in the
Limpopo province responded to the drought by cultivating drought-resistant crops such as
groundnuts and sorghum.

Farmers also cope with drought impacts through changing their planting calendars,
with planting taking place when it rains and shifting to the cultivation of shortening cy-
cle crop varieties. For example, Kom et al. [52] found that most farmers have shifted to
shorter-cycle crops varieties as a coping mechanism, including changing planting and
harvesting dates. These measures can reduce the effects of crop damage or loss from
droughts-related impacts such as crop growth failure and increases in crop diseases and
pests. Farmers also practiced intercropping as an adaptation strategy [35], where different
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crops are cultivated simultaneously, which reduces the risk of food insecurity if one crop
fails. Intercropping can also be beneficial to soils as the combination of grains (e.g., maize)
and legumes (e.g., cowpea and beans) can allow nitrogen fixation. Vilakazi et al. [61] also
document the use of drought resistant crops, early mature crops, crop rotation, intercrop-
ping, changing planting dates and crop diversity and conservation tillage as strategies
employed by farming communities in KwaZulu Natal province to manage soils and water
in response to droughts. Conservation agriculture methods such as minimum tillage and
zero tillage are also increasingly practiced in the face of persistent droughts and water
scarcity [35]. Mpandeli et al. [44] show that some farmers in Sikhukhume District Mu-
nicipality in Limpopo province practiced conservation agriculture to increase yields in
the face of persistent dry spells. Other short-term strategies for minimising the effects of
droughts include finding new sources of food, seeking employment, and keeping food
reserves [49,62,63].

For livestock farmers, destocking is a common coping strategy for dealing with the
effects of drought, that is, decreased forage production and diminished food available for
livestock [44,49,53]. Ngaka [53] reported that livestock farmers in the Eastern Cape and Free
State Provinces of South Africa employed various drought coping mechanisms, including
destocking through livestock trade, moving livestock to other areas, sourcing extra water
and supplementing feed for the livestock. Vetter et al. [45] show that smallholder farmers
in the KwaZulu Natal province use evergreen woodland trees such as Boscia albitrunca,
Olea europaea ssp. Africana, Schotia sp., and Maeru sp., as sources of supplementary feed
for their livestock. Farmers also purchase feed including yellow maize and lucerne as
supplemental feed [45], but very few farmers can afford this due to the prohibitive costs.
For example, supplementary feed can add to the costs of livestock production, and these
costs are often beyond the reach of already struggling smallholder farmers. In some cases,
government assistance with supplemental fodder for livestock has been reported [50,58].
However, some livestock owners profited from droughts by buying more livestock taking
advantage of the reduction in prices as struggling farmers attempt to get rid of ‘excess’
livestock to cope with drought. Another drought coping strategy for livestock farmers
includes culling [49,50,62] and improving the calving rate, which can be achieved by selling
low producers and calves that calve late in the calving period. Other coping measures
reported by livestock farmers include obtaining bank loans but only for those who could
provide collateral security [8], abandoning farming, leasing part of the farms and creation
of social networks for dealing with the effects of drought collectively [49].

3.2.2. Structural Measures

The second set of drought coping strategies emerging from the reviewed papers relates
to structural measures, including the role of government, NGOs, and social networks
in providing drought mitigation and response such as training, funding, information
provision, and relief (food and feed) provisions [50,63]. For example, Swemmer et al. [16]
report that following livestock mortalities in Limpopo and Kwazulu Natal provinces,
livestock farmers were able to cope with drought through the provision of supplementary
feed for cattle via the government drought relief efforts. Lottering et al. [35], Bahta [49],
Rakgwale and Oguttu [50], and Jordaan et al. [58] also report government drought relief
programmes, including the provision of food for home consumption and supplementary
feed for livestock as a coping mechanism for farmers, though the level of satisfaction
among farmers varied. Some papers showed that farmers had a high level of dissatisfaction
concerning the role of the government in executing drought relief programmes, arguing
that relief programmes often get to the intended recipients very late or are inadequate or
unavailable at all [52]. Jordaan et al. [58] reported that despite a plea for drought relief by
smallholder farmers in Northern Cape province following the 2010 drought, no assistance
was provided. The reviewed papers suggest that the lack of support from the state, such as
information provision, drought awareness campaigns, drought risk reduction strategies
and provision of resources for enabling drought responses make smallholder farmers
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unable to institute strategies for reducing the impacts of droughts. Further, despite the role
of NGOs in providing drought adaptation support, NGO support is not a common coping
strategy among smallholder farmers and is reported in only one instance [63].

Further, while social networks such as farmers’ associations, church groups, women'’s
groups, and stokvels create platforms for drought information exchange, and sharing of
resources (e.g., food) in times of need which can reduce farmers’ vulnerability to drought,
only two [44,49] out of all the reviewed papers highlighted social networks as a drought
coping strategy. The reviewed papers suggest that social networks were not existent or
fully functional. For example, Bahta et al. [51] found that smallholder farmers in the
O.R. Tambo District in the Eastern Cape province viewed social networks as ineffective in
drought risk mitigation. Social networks such as farmers’ associations were reported to
be non-functional. Based on work in the O.R. Tambo District, Muyambo et al. [64] argue
that the lack of external support negatively affects smallholder farmers’ ability to cope
with drought.

3.2.3. Technical Interventions

The third set of drought coping strategies is focused on technical interventions. Studies
show that farmers are shifting to irrigation facilities due to extreme temperatures and
reduced rainfall [35,50,52]. The reviewed papers show that some smallholder farmers
use furrow and sprinkler irrigation systems for use before the onset of rains or in case of
delayed rain [8]. Though, in some cases, the irrigation infrastructure predates the recurrent
droughts, farmers are increasing their focus on small-scale irrigation as a drought coping
mechanism, with evidence suggesting farmers with access to water produce more yields
than those without [52]. Other smallholder farmers, albeit few, invested in the drilling of
boreholes for their livestock to cope with water scarcity, but this option is expensive for
many farmers. For example, Rakgwale and Oguttu [50] found that only 6% of smallholder
livestock farmers reported drilling boreholes as a drought coping strategy in Greater
Letaba Local Municipality in Limpopo province. Taken together, there are important
linkages between the different categories of coping strategies, and these linkages should
be understood, especially how combining them can improve their effectiveness and the
capacity for smallholder farmers to cope with future droughts.

3.3. Ideas for Advancing drought Impacts Research

The review shows that the impact of drought is mainly analysed from a socio-economic
perspective with a key focus on food insecurity and crop and livestock losses. The available
literature provides useful insights on the impacts of droughts on- and coping strategies
by smallholder farmers but does not provide a complete picture. The major gaps in the
available literature can be summarised as; (1) lack of quantitative assessments of the
reported drought impacts and inadequate analytical depth on the effects of socio-economic,
geographic, and institutional context on the impacts of drought, (2) limited focus on urban
contexts, so the rural-urban gradient is poorly understood, and (3) lack of clear distinction
between adaptation, and mitigation strategies.

First, there is a lack of quantitative assessments of the socio-economic and environ-
mental impacts of droughts on smallholder farmers. Apart from a few studies that show
the proportion of households reporting certain impacts such as food insecurity, reduction
in crop yield and livestock losses, these impacts remain vague. To get better insights into
the impacts of drought, there is a need for real quantitative assessments, including across
socio-economic and cultural contexts, e.g., income, wealth, gender, and ethnicity. The
impacts of drought e.g., crop loss and food insecurity and livestock loss are not evenly
distributed across landscapes and groups of people. For example, well-off households
might not experience drought in the way poor households are affected because poor house-
holds might lack the financial means to mitigate the impacts associated with drought,
while well-off households have fallback options such as food reserves and cash income
to buy supplementary food and feed. Further, evidence suggests that gender, access to
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and ownership of land and local knowledge all have impacts on the benefits people can
get from land, and by extension these factors can shape how the impacts of drought are
experienced. In addition, comparison of the impacts of droughts in different geographic
contexts through the spatial correlation between drought impacts and region can be useful
in drought risk planning because as drought frequency and intensity are projected to
increase, regions exploited for crop and livestock productions will likely be impacted more
than remote areas.

An understanding of the impacts of drought on smallholder farmers informed by
quantitative and comparative assessments can help craft drought adaptation interventions
such as irrigation infrastructure and water harvesting technologies to cope with future
water scarcity for enhancing smallholder farmers” wellbeing. Therefore, future research
should provide analyses of the impacts of droughts, including the magnitude of the im-
pacts and questions of how impacts are experienced across socio-economic, political, and
cultural gradients to advance our understanding of drought impacts. We believe that the
socio-economic and political /institutional contexts can provide contours within which the
impacts of drought can be better understood, and by so doing, shift away from simplistic
identification of drought impacts. Improving analytical depth can be useful to our current
understanding of the impacts of droughts because this can provide rigour and insights into
the magnitude of impacts in ongoing debates. We believe rigorous analysis can benefit
policy debates and engender knowledge shifts on the subject—which for the most part, is
not evident in the available literature. Without this, the notion of drought impacts remains
fraught with misunderstandings, making it difficult to design context-specific strategies for
mitigating and adapting to the impacts of drought.

Second, the reviewed studies are largely rural-based and do not assess the impacts
of drought on smallholder farmers along a rural-urban gradient. Yet, small-scale crop
and urban livestock production is a common livelihood activity particularly for the ur-
ban poor [65]. Particularly in South Africa, urban livestock production is widespread
and livestock graze in designated grazing areas known as commonages [32]. In general,
these commonages are poorly managed and characterised by land degradation and poor
infrastructure [33], and recurrent droughts compound the problem.

However, there is little analysis of the impacts of droughts on livestock production
by smallholder farmers in urban spaces, making it difficult for city authorities to better
understand and improve the capacity to cope with future droughts. We argue that without
proper response mechanisms, urban livestock production will become an increasing source
of conflicts in urban spaces between livestock owners and non-owners as livestock forage
green spaces such as parks and streets, as has already been reported [66]. A focus on drought
impacts along a rural-urban gradient can offer different perspectives to our understanding
of drought challenges and identify similarities and differences that can enhance more
general knowledge of impacts of and adaptation to drought. Further, covering both urban
and rural sites in different geographic contexts (e.g., inland, coastal) can provide the
opportunity to explore interconnected and cascading drought risks and impacts across
different social groups and landscapes. This approach will allow crafting of resilient
evidence-based solutions for reducing future drought impacts across social-economic,
political, and geographic contexts. Beyond informing practical responses to drought, a
rural-urban gradient approach can contribute to drought impact scholarship, needed to
advance debates and leverage appropriate responsiveness.

Third, the available literature on drought coping strategies is beneficial in understand-
ing the different strategies employed by smallholder farmers in the face of droughts but
does not categorise the impacts by socio-economic groups and spatial context, which does
not benefit drought scholarship. Further, the reviewed studies tend to identify all the
reported drought coping measures, without however organising these into adaptation and
mitigation strategies. Given that drought is a complex phenomenon, failure to distinguish
between adaptation and mitigation measures may result in a lack of understanding of the
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complexities of drought impacts, and how support systems can be provided to improve
the capacity of smallholder farmers to adapt to drought in the long term.

4. Conclusions

Drought is a destructive natural hazard of which impacts can be widespread and
devastating on resource-poor smallholder farmers, placing them in jeopardy. The socio-
economic and environmental impacts of drought on smallholder farmers in South Africa
are multiple, including food insecurity, increased poverty, unemployment, loss of graz-
ing pasture and water which subsequently result in loss of livestock, crops, and income.
Understanding these impacts is important for developing effective drought response strate-
gies; however, the reviewed literature lacks an accurate assessment of the magnitude of
drought impacts on smallholder farmers. Most of the identified drought impacts focused
on short-term livestock and crop production losses. In contrast, there is limited focus on
quantification and economic valuation of drought impacts.

The reviewed literature documents a suit of different drought response strategies
that smallholder farmers implement, and these can be divided into (i) changes in local
practices and lifestyles e.g., changing plant varieties and practising conservation agriculture,
(ii) structural measures e.g., government interventions and creation of social networks, and
(iif) technical interventions e.g., rain harvesting and drilling of boreholes. However, it was
acknowledged that some drought responses, e.g., drought relief programmes, are reactive,
therefore, the need to develop proactive response strategies, e.g., conservation agriculture
which helps to conserve soil and water.

This review provides valuable information for designing drought responses among
smallholder farmers. Firstly, the review highlights the importance of quantifying cur-
rent drought impacts so as to improve the ability to predict future socio-economic and
environmental impacts of drought on smallholder farmers. However, accurate drought
quantification requires constant drought monitoring, availability of drought data, and
effective quantification methods. Secondly, the limited focus of studies on drought impacts
on smallholder farmers in urban contexts shows that the rural to urban drought gradient
is little studied in South Africa. The increase in urban population and resource use e.g.,
water, make urban centres more vulnerable to drought, which highlights a huge research
need on drought impacts and responses in urban spaces. Lastly, risk-based drought re-
sponses include monitoring, mitigation, and adaptation strategies, yet most studies fail to
distinguish these. For drought responses to be effective, there is a need to distinguish short
term mitigation measures such as institutional drought relief programmes from long-term
adaptation measures such as dam and borehole construction to improve infrastructure.
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