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Abstract: Ecosystem services refer to the direct and indirect benefits to humanity from an ecosystem.
The ability to spatially incorporate multiple biophysical environments is crucial to ecosystem services,
thus promoting cooperation between science and policy in seeking solutions to global challenges,
including drought disasters. Therefore, understanding ecosystem services, for instance, from forest/vegetation in view of contributing to drought disaster risk adaptation is critical to human-nature
interactions and proper sustainable conservation thereof. No known study has been done on ecosystem services and their contributions to drought management or other climate adaptation in South
Africa. This study aimed at quantifying drought disaster risk adaptation based on ecosystem services
in South Africa. It was identified that ecosystem services to society have been directly affected by
anthropogenic and natural phenomena, thereby influencing drought severity and its impacts. These
impacts and their associated risks are evident globally, including in South Africa. We found out that
ecosystems in South Africa have been affected and extremely vulnerable to recurrent natural disasters, such as droughts. To achieve long-term solutions to such drought-related risks and challenges,
feedback mechanisms between human-natural and related factors and ecosystem services-based
drought adaptation need to be understood and planned. Timely spatiotemporal assessment, planning
and management strategies need to be considered to find solutions or ways forward to South Africa
in combating drought disasters.
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Without a doubt, societies need water, however, water scarcity and quality due to climate change and other factors are threatening food security and other water-reliant sectors
around the world [1–3]. Adapting to climate change helps reduce the risk of water-related
disasters such as droughts and floods. Drought is a natural occurrence that often affects humans, the environment, the economy and ecosystems. Prolonged droughts decrease food
production and the availability of water and contribute to severe environmental destruction
and loss of life. Droughts have a detrimental effect on ecosystems’ functions, reduce social,
political, and economic stability, and can increase vulnerability to other natural disasters
such as droughts, heatwaves and floods [4]. In large parts of Africa and in America, as well
as in Southern, Central and Eastern Europe, the Middle East, Australia and Southeast Asia,
climate change is expected to increase the frequency and severity of droughts [5–7]. The
population of the most vulnerable regions, particularly the poorer areas where land and
water supplies are already limited, need to be better prepared for potential droughts by
reducing and adjusting risks and increasing resistance to droughts. The way drought is
monitored and managed has been modified in studies and numerous recent international
and regional initiatives [2,4]. Historically, drought has been regarded as a natural hazard
that society reacts to with a reactive approach. This hazard management approach only
discusses the consequences of drought. This strategy has proven to be less efficient because
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it produces a culture of dependence and provides little incentives to improve how land
and water supplies are monitored to minimize future impacts of drought [8].
Today, drought is seen more frequently as a natural phenomenon requiring society
to take a pro-active approach to preparedness to reduce social vulnerability and improve
drought disaster adaptation [9,10]. As with any natural disaster, drought management
should not be based exclusively on disaster management but must include the entire disaster management cycle. Better management of land and water supplies is the objective of a
pro-active approach to rising drought resistance. Preventing land loss and maintaining and
restoring natural resources and ecosystem services through land regeneration, ecological
conservation and water redistribution to environmental flows would improve ecological,
economic and social structures against more extreme drought impacts and enhance their capacity to recover from disasters [11,12]. Ecosystem services refer to the various and varied
benefits that the natural environment and healthy ecosystems offer to humans. Many other
ecological benefits are offered by nature-based drought management strategies, including
minimizing threats from other natural disasters as well as mitigating and adapting to
climate change, including drought events. Improved drought monitoring, forecasting and
early warning systems, as well as assessments of drought vulnerability and effects for
populations at risk, are also included in constructive ways to reduce drought risks.
Sub-Saharan African (SSA) rain-fed agriculture, including South Africa, provides
important yet highly climate-dependent livelihood sources. Recurring dry spells and
droughts can have several impacts on the agro-ecosystems of the region, adversely impacting local social-ecological systems. Droughts damage crops and livestock and influence a
range of ecosystem services and degrade natural resources [13,14]. However, ecosystems
may also frequently be important agents for adaptation to drought risk, mitigation, and
resilient livelihoods. Ecosystem-based approach reduces the impacts of drought while
offering several co-benefits. These co-benefits lead to poverty alleviation and sustainable
development, food security, protection of biodiversity, carbon sequestration and resilience
to livelihoods, as well as strategies for adaptation. Ecosystem-based solutions have always
been essential in reducing climate change impact including drought impact [14,15]. Using
ecosystem services in environmental or disaster planning can be traced at least to the
ecosystem-based management’s development which will help in sustaining its functions.
The aim of the study is to explore drought disaster risk adaptation using ecosystem services in South Africa based on literature and suggest possible ways to use and manage
it effectively.
2. Methodology
Relevant research papers consisting of peer-reviewed journal articles were reviewed.
The selected papers were obtained from Web of Science scientific databases using a search
title-specific algorithm on 1 January 2021. In total, 12 papers were acquired; after reading through their titles and abstracts, however, it was noted that all of them dealt with
topics beyond the scope of this review. For instance, a study focused on the effects of
droughts on vegetation conditions and ecosystem service [16]. Another study dealt with
the short-term effects of crop diversity on resilience and ecosystem service provision under
drought [17]. None of the studies worked on drought risk adaptation or mitigation through
ecosystem services.
Primarily, the search term was drought and ecosystem services and it was refined
by excluding the publication year 2021 and document types: (article) timespan; all years’
indexes: SCI-expanded, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCREXPANDED, IC. The title-specific algorithm only retrieved primary articles and excluded
other document types for the primary reasons that they were pre-article items that could
be published in other forms or post-publication synthesis of primary articles. Manual
validation of the total articles was further done to ascertain the specificity and efficiency
of the search algorithm in recovering the subject keyword from the database. Overall, the
dataset contained 12 relevant articles and was downloaded as BibTeX file. Furthermore,
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records on drought events in South Africa between 1964 and 2019 were retrieved on the
28th of December 2020 from the EM-DAT database to identify its occurrences and the
potential losses associated with drought disaster in South Africa. The database is compiled
from many outlets, including the United Nations, government and non-government organizations, insurance firms, research institutions and press agencies (Table 1). A specific
disaster would only be included in the EM-DAT database in most situations if at least
two outlets confirm the disaster’s occurrence regarding deaths and/or affected groups of
people or persons.
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Table 1. Drought disaster events and damages caused in South Africa from 1964 to 2019 (Source: EM-DAT database).
Associated
Disaster

Office of Foreign
Disaster Assistance
Response

Declaration

Start
Year

Start
Month

Start
Day

End
Year

End
Month

End
Day

Number
Affected

Total
Affected

5000

5000

Total
Damages
(‘000 US$)

CPI

SN

Year

Location

1

1964

Ciskei, Transkei

1964

2

1980

Natal

1980

8

1980

32,233,893

3

1981

Countrywide, Transvaal, Orange
Free, Natal states

1982

3

1983

35,565,172

4

1986

Lebowa, Venda (Eastern Transvaal)

Famine

Yes

1986

5

1986

850,000

850,000

42,87313

5

1988

Homelands

Famine

Yes

1988

10

1988

1,320,000

1,320,000

46,256,557

6

1990

Northern and Eastern Transvaal,
Central and Northern Natal, Eastern
and Northern Cape Region,
Homeland area

7

1995

Nebo District (Northern provinces)

8

2004

KwaZulu-Natal, Eastern Cape,
Northern Cape, Mpumalanga,
North-West, Free state, Limpopo
provinces

9

2015

KwaZulu-Natal, Free state, Limpopo,
Mpumalanga, North-West, Western
Cape provinces

10

2017

Cape Town, Cap Occidental, Cape
Oriental, Northern Cape

11

2019

N/A

No

Heatwave

1964

1991

1992

3

12,132,117

1,000,000

51,106,795

1995

12

1995

300,000

300,000

59,604,495

Yes

2004

1

2004

15,000,000

15,000,000

73,881,412

Yes

2015

1

2017

5

2,700,000

2,700,000

Yes

2017

5

2018

6

2019

1

2019

12

1

31

750,000

750,000

250,000

92,708,822

1,200,000

95,878,166

135,000

100
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4. Drought Disaster Events in South Africa between 1964 and 2019
Drought disaster events were explored in this study to identify the affected years and
regions in South Africa. In the year 2017, several areas in South Africa witnessed drought
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disasters. This includes Cape Town, Cape Occidental, Cape Oriental, and North Cape.
The drought occurrences lasted for more than a year from March 2017 to June 2018 and
drought was declared a disaster in the affected areas with accumulated losses of about
$1.2 million [19]. More so, the information in Table 1 showed that South Africa witnessed
intense drought events with about $1 million losses as a result of the drought occurrence.
These drought episodes lasted for more than a year from 1991 to 1992 which led to losses in
the affected areas, including Northern and Eastern Transvaal, Central and Northern Natal,
Eastern and Northern Cape Region, and Homeland area (Table 1). The third most affected
year during the same period was 2015; the affected areas including KwaZulu-Natal, Free
State, Limpopo, Mpumalanga, North-West, and Western Cape Provinces causing about
$250,000 damages across the regions [19].
There are 11 major drought events recorded in South Africa as presented in Table 1.
Several areas in the country observed severe drought episodes with different damage levels.
Unfortunately, out of these major drought events that occurred, the affected regions only
received Office of Foreign Disaster Assistance (OFDA) response for the years of 1986 and
1988, where 850,000 and 1,320,000 people were affected during the period. While other
areas and years that were most affected did not receive OFDA response, there should be
other strategies in combating drought disasters, which is crucial. One strategy that can
be regionally or locally instituted is drought disaster adaptation or mitigation since most
affected areas and persons were unable to receive relief from OFDA or other agencies. More
efficiently, utilizing ecosystem services can stabilize or reduce water demand, and minimize
environmental impacts and costs associated with drought disaster by developing new
adaptation strategies [20–22]. Drought and water conservation plans including ecosystem
services and requirements governing water conservation as well as drought contingency
for public water suppliers should be prioritized through restrictions on water use, droughtrelated risk adaptation, special water tariffs, or low-value reduction uses [23,24]. More
so, as the social impact of the drought is typically the manifestation of prolonged water
scarcity issues, the adapted strategy should also consider the socio-economic dynamics.
5. Human Activities and Ecosystem Service Issues in South Africa
The differences between the capacity of ecosystems to provide services and human
needs are increasingly widening because of the rapid growth of the population. To meet the
needs of social growth, natural, quasi or regulated ecosystems have been able to provide
ecosystem services. Ecosystem services are influenced by a variety of factors, including
natural drivers: climate (rainfall, temperature, radiation, wind speed and humidity),
soil, topography, rivers, land cover and anthropogenic drivers: demographic, economic,
socio-political, science and technical, cultural and religious drivers. Natural factors can
be measured, but not controlled; anthropogenic factors can be evaluated and controlled
elsewhere. The consequences of human activity on ecosystem services are most clearly
demonstrated [25–27]. Ecosystem services for natural, quasi or regulated habitats should
be provided to meet the needs of social growth. However, because of the rapid growth of
the economy and population, existing disparities between ecosystems’ capacity to provide
services and human needs are also worsening. Studies by Daily and Manson [28] and
Dalton [29] opined that, for over the past 50 years, 60% of global ecosystem resources
have been depleted by the rise in the global population and economic development.
These human-ecosystem relationships have been governed by the use of natural resources,
environmental management policies and other drivers. However, in terms of their effect
on ecosystem services and human ecosystem relationships, guided dynamics have been
under evaluated [25].
As documented in earlier studies, natural and anthropogenic drivers have been tested
by many scholars over Mondego Basin, Portugal and Loess Plateau, China [30,31]. For
instance, Pinto et al. [30] found that natural drivers including invasions of species that may
have interfered with the system’s legitimacy, and evaluation of exotic species can also be
affected by current climate change. Surrounding landscape heterogeneity has influenced
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soil ecosystem services, implying soils in heterogeneous environments are less productive
and thus have lower yields [32]. The magnitude and the currently estimated reductions in
ecosystem services in South Africa due to invasive alien plants and environmental changes
may also have a significant effect on the dynamics of land-use [33–35]. Forest/vegetation
growth depends on local conditions, such as the slopes and climatic conditions. Farm
land-use may also directly have been influenced by topographic uncertainty. In addition,
specialized and complex machinery is required to cultivate steep and specific slopes.
There are four major ways that human activity threatens ecosystems globally, including in South Africa: pollution, habitat destruction, overexploitation, and introduction of
invasive species. These factors can hinder ecosystem functioning, especially in combating
drought-related disasters in any affected regions of South Africa. Overexploitation is a
major challenge to natural ecosystems, including ecosystem services [36]. This factor is
the consumption of a natural resource at a rate greater than what natural resources can
sustain [37–39]. The overhunting of animals is one of the clearest examples of overexploitation, but other forms unfold (Table 2). Land degradation is human-induced changes that
affect the capacity of the land and its features to sustain life as well as combating climate
disasters such as drought events [38]. The soil benefits from deforestation and overgrazing
and leads to a surplus of sustainable yield.
Table 2. Human activity threats to ecosystem services.
No.

1

2

3

Human Activity Threats
to Ecosystem Services

Major Findings

References

Overexploitation

Intensified natural resource exploitation and intensive grazing influence the
ecosystem services, including natural vegetation and other environmental
components that are crucial in combating drought disaster. Natural resource
conservation (preventing misuse and moderating excess extraction and trade)
and preservation of natural grassland resources have been described to be more
beneficial in ecosystem services, especially in climate-related adaptation,
including drought events.

[40,41]

Pollution and ecosystem
services

It has been identified that urban pollutants can degrade and inhibit ecological
functions and processes. Human activities, including urbanization, can have
significant impacts on biodiversity and the ecosystem. Population growth,
increased industry and commercialization, and expanded provision for new
housing and transport contribute to the increasing extent of pollution. Air
pollution is one of the main environmental risks for human and environmental
health globally. Maintaining and developing green areas can be part of an
integrative strategy to help improve air quality in cities in combating
drought-related issues. Greening areas and forests can remove significant
amounts of pollutants, increasing environmental quality and vegetation
abundance, which is crucial to drought adaptation and mitigation.

[42–44]

Habitat destruction and
ecosystem services

Studies have shown that increases in natural habitat alteration will lead to
reductions in ecosystem functioning and, hence, in providing services including
climate-related risk adaptation. The Fifth Assessment Report (2014) of the
Intergovernmental Panel on Climate Change suggests that ecosystems’
adaptation options may be more limited than for human systems and that
depletion and destruction to both ecosystems and ecosystem services may
therefore be expected. Ecosystem resources enable the functioning of the
ecosystem, including natural environments, such as drought events. Therefore,
better monitoring of habitat loss and disruption to ecosystem resources
is important.

[45–47]
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Table 2. Cont.
No.

4

5

Human Activity Threats
to Ecosystem Services

Major Findings

References

Introduction of invasive
species and ecosystem
services

Adaptation to drought disasters by ecosystem services can be effectively
accomplished if xeromorphic characteristics can be developed by plants or
vegetation in arid lands such as South Africa to minimize transpiration under
drought stress. Therefore, it is important to understand the impact of frequent
drought stress on plant biochemical and physiological processes as well as on
the population and/or community of plants in a specific ecosystem. Severe
environmental conditions can induce intriguing adaptations in plants that
enable them to survive and reproduce, despite the negative aspects of such
modifications. These adaptations can lead to the emergence in a given
ecosystem of a new functional group or serve as an essential instrument for
improving agricultural practices and drought disaster risk adaptation.

[48,49]

Deforestation

The loss of healthy vegetation/forests will degrade key ecosystem resources,
such as drought mitigation and adaptation, biomass and soil carbon storage,
water balance and river flow control, regional climate pattern modulation, and
infectious disease improvement.

[50,51]

In ecosystem service processes, sometimes, invasive species are brought on by transporting species either intentionally or accidentally from other world areas. This can be
devastating to existing species as invasive species are introduced on a time scale much
more quickly than typically would happen with evolution over longer time periods [52,53].
This may involve outcompeting indigenous species in the environment, contributing to
the decline or extinction of local species, especially those that are very crucial to ecosystem
service, and overpopulation as there may be no predators in this new ecosystem for these
invasive species (Table 2). They can also be a major economic cost and influence drought
episodes [52–54]. By disrupting or replacing natural vegetation resources, invasive species
may alter the ecosystem services [55,56]. Invasive species can also provide wildlife with
little to no food or energy sources [57]. The abundance or variety of species that are critical
habitats for animals or for restoring the degraded natural vegetation may also be altered
by invasive species [58,59]. Drought disaster adaptation through ecosystem services can
be realized efficiently if plants or vegetation in the arid land such as South Africa can
develop xeromorphic traits to reduce transpiration under drought stress [48,60]. Reduction
in transpiration under drought event conditions can also be achieved through leaf shedding
as well as proper forest management and planning [61,62].
The bulk of African vegetation/forested areas are located in the Central African
countries (37%) and Southern Africa (28%), including South Africa. Forest and vegetation
are very crucial ecosystems and their functioning, especially in combating climate-related
disasters, including drought episodes [63,64]. In South Africa between 2001 and 2019,
about 0.80% of tree cover loss occurred in areas where the dominant drivers of loss resulted
in deforestation [65]. South Africa lost 10.3 Kha of the arid primary forest from 2002 to 2019,
accounting for 0.77 per cent of its overall loss of tree cover at the same time. In this time,
the total area of humid primary forests in South Africa decreased by 8.3 per cent (Figure 2).
Vegetation or forest cover is of tremendous importance but is under extreme pressure to
harvest various timber and non-timber forest products for sustainable livelihoods and to
clean up agricultural production and infrastructure [66,67]. More so, this natural asset
is facing other environmental stressors such as climate change and degradation. Most
information deals with the negative aspects of vegetation cover loss through erosion and
deforestation (Table 2). However, more evidence is available on other aspects of forest cover
changes, including forest gains, as well as positive forest management issues [68]. There is
little information available on forest productivity appraisal and stand dynamics (regrow,
growth and mortality). Deforestation is one of the biggest issues of forest/vegetation in
South Africa and this has affected ecosystem and nature-based drought adaptation and
mitigation plans [69,70]. No study has been done on forest/vegetation degradation in
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including
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natural
environment
[76,77],
affecting
societal
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and
man activities, including modification of natural environment [76,77], affecting societal
economy,
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regulating
ecosystem
services.
Climatehealth
andincluding
economy,drought
including
drought
risks and
associated
regulating
ecosystem
serrelated
disasters,
such
as
droughts,
are
typically
analyzed
in
separate
hydrological
vices. Climate-related disasters, such as droughts, are typically analyzed in separate and
hyclimatological
reflecting
their distinct
underlying
processes
and causes.
For
drological
and approaches,
climatological
approaches,
reflecting
their distinct
underlying
processes
successful planning strategies, however, spatial assessments of such risks should consider
and causes. For successful planning strategies, however, spatial assessments of such risks
the various type of hazards, through a multi-hazard or multi-risk approach considering all
should consider the various type of hazards, through a multi-hazard or multi-risk apspatial levels especially from local to national levels.
proach considering all spatial levels especially from local to national levels.
Drought frequency cycles have been considered in numerous studies in South Africa.
However, these studies focused on the isolated analysis of drought events and occurrence or water scarcity. They did not consider possible benefits of addressing tradeoffs
between drought events and ecosystem services-based adaptation, or combined ecosystem
service-based risk-adaptation practices and techniques that may reduce drought disaster
risks. Ecosystem service-based adaptation measures and their spatial locations should
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be considered and accounted for as much as they can; for instance, vegetation health,
water harvesting and reducing peak flows while the areas involved are still functionally
in use also for other purposes [30,78]. Using such nature-based solutions, their possible
multi-functionality needs to be quantified in order to optimize their potential benefits for
human well-being and the environment [79]. For instance, measures for water harvesting
can be developed to satisfy a dual purpose of drought amelioration and flood prevention
in addition to water harvesting. Such dual/multi-functional measures may range from
the local and regional scale (e.g., green infrastructure, such as green roofs, green walls,
rain gardens) [79,80] to the whole catchment scale (e.g., using natural and constructed
wetlands for flood control) [80,81]. More specifically, the South African nature-based solutions include, for example, the use of grass strips for trapping sediments in the country’s
arid region, restoration of mangroves in the coastal areas, protection of water sources and
enhancing water availability from Lesotho by providing more watering points in national
parks and community areas, as well as pioneering a climate-resilient marine protected
area management in Amathole Marine Protected Area, Table Mountain National Park and
Namaqua Fossil Forest Marine Protected Area in Namaqualand, among other important
nature reserved in South Africa.
Applying such nature-based solutions can offer significant potential for drought disaster risk reduction; adaptation of this potential requires enhanced planning, implementation
and assessment efforts for integrated land and water management [30,78,82], and analysis
and decision support systems that can relatively simply and transparently account for
human-environment interactions [79]. Possible multi-functionality solutions, such as in
drought risk adaptation and mitigation, as well as other environmental stressors such as
CO2-emissions and energy-use management, are very important [83,84]. An ecosystem
services-based solution approach may also help South Africa make urban areas and human
settlements more inclusive, resilient, sustainable, and safe, thus supporting governments
to reach the United Nations Sustainable Development Goal (SDGs) [85,86]. More so, these
solutions may further assist the country and its surrounding nations to reach other SDGs
(13, 15 and 17), which includes protecting, restoring and promoting sustainable use of
terrestrial ecosystems, halting and reversing land degradation, and mitigating biodiversity
loss; reducing climate change and its potential impacts, and strengthening means to implement and revitalize the global partnership for sustainable development. In addition,
consideration of ecosystem-based solutions in South Africa may also indirectly support
food security and sustainable agriculture, and economic growth in the region. Another way
of strengthening ecosystem services-based adaptation is through payment for ecosystem
services which is an essential aspect of ecosystem-based adaptation. The principle of
ecosystem service payments has recently emerged as a promising method to improve or
maintain the provision of ecosystem services [87,88].
Besides, considering the ecosystem-based solutions’ potential advantages and benefits for drought risk adaptation in South Africa, it is equally important to reflect on the
challenges and opportunities for social incorporation of best management practices, and
policy and regulatory mechanisms. This should be done in collaboration with stakeholders
to drive the implementation of such solutions and practices. The need for space to accommodate such solutions is a huge impediment to introducing, for example, blue and green
infrastructure as part of ecosystem-based solutions. Suggesting new land for nature or
ecosystem-based solutions can conflict with established land-uses, raising issues relating
to land-use planning, land ownership and sharing of benefits. Multi-functionality, i.e.,
integrating primary ecosystem solution roles, e.g., for water preservation and purification,
with other advantages such as recreation and biodiversity conservation, may overcome
these challenges to some extent [7]. Gray infrastructures can also be designed to assist
in minimizing and managing land requirements, and simultaneously improving water
supply and human use as well as water-related sectors [89]. In general, ecosystem-based
solutions need new protocols for preparation, implementation and maintenance [11,90] and
it is important to recognize the barriers and opportunities of these new criteria to address
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the former and to realize the latter in order to achieve long-term sustainable drought risk
adaptation and mitigation solutions.
7. Summary and Conclusions
Standardization of the management of ecosystem resources in South Africa is in
its inception or yet to exist. At present, by determining congruence with biodiversity,
spatial planning and assessment of ecosystem services are often linked with biodiversity.
However, ecosystem services deserve to be monitored and protected on their own by
means of conservation initiatives explicitly planned for sustainable derived services. It
has been identified that the increased frequency and severity of droughts is diminishing
natural vegetation, crop productivity and several provisioning ecosystem services through
moisture stress and drought-induced agricultural expansions as well as other human
activities. There is an urgent need for assessment and proper management of ecosystems,
especially natural vegetation in South Africa, to improve natural environment productivity
and reduce drought-induced impacts and address vegetation/forest conversion to other
artificial purposes.
One of the fast-developing regions in Africa is South Africa and, therefore, the balance
between too little water (drought) for millions of people and the environment is a matter of
life and death, which needs constant monitoring and efficient usage to ensure ecosystem
sustainability. This is because ecosystems are forced to their limits as population centres
grow and become more down-converted with rural landscapes. Therefore, the development
of appropriate approaches and tools for evaluating and finding sustainable strategies to
adapt or mitigate drought-related disasters is critically important. This includes a deeper
understanding of input from increased population and related patterns of land-use and
ecosystem changes, as well as the combination of persistent climate changes using satellite
information for spatiotemporal appraisal. More so, opportunities for vulnerable urbanizing
regions to employ ecosystem services-based solutions for drought-related risk adaptation
and improved climate resilience need to be explored in particular. In turn, such exploration
and utilization need improved spatial planning and management strategies that can drive
the implementation and maintenance of successful solutions in combating drought disaster
in South Africa.
Some of the basic elements and contents of drought disaster risk adaptation plans are:
a spatiotemporal appraisal of drought events in South Africa; general basin characteristics
under drought conditions; long drought event history in the affected region; characteristics
of droughts within the country; drought warning system and implementation; program for
adapting and mitigating droughts linked to indicator systems; agencies or group structures
of drought management; update and follow-up of drought disaster events; alternative
plans for public water supply and payment for ecosystem services. More significantly,
drought disaster risk adaptation plans should include quantitative and realistic water
conservation goals and a collection of steps prioritized according to their performance and
cost of implementation to achieve these targets. To rediscover South Africa, it is indeed
important to consider challenges and opportunities for successful solutions focused on
ecosystem services, the social incorporation of best management practices for them, and
policy and regulatory mechanisms that, in partnership with stakeholders, can influence its
implementation.
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