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Abstract: In the face of unstoppable urbanisation, disaster risks are projected to increase, mainly in
unplanned areas that usually lack disaster risk reducing infrastructure. In Africa, including South
Africa, limited resources and capacity hinder the provision of such infrastructure. The objective of
this study was to determine options for promoting disaster risk reducing infrastructure in informal
settlements in Giyani Municipality, Limpopo Province, South Africa, a disaster risk-prone area. A case
study was conducted to collect primary data from purposively selected experts and the SWOT factors
from the Integrated Development Plan Report of 2019/2020. A TOWS analytical hierarchical process
was applied to pairwise comparisons of factors to prioritize them using eigenvalues and generate
strategic options for promoting disaster risk reduction infrastructure in the informal settlements
of Giyani Local Municipality. In the TOWS results, the experts suggested integrating traditional
authorities into the municipal development processes, implementing an environmental framework
that includes disaster management policies and an integrated waste management plan, and devel-
oping innovative technological projects that provide up-to-date spatial planning data to provide
disaster risk reducing infrastructure in informal areas. This study concludes that the provision of
affordable housing, clean regular piped water, storm and sewer drainage systems, street lighting,
accessible routes, solid waste collection, electricity, and healthcare services would reduce a range of
disaster risks.

Keywords: disaster; TOWS; informal; infrastructure; Giyani

1. Introduction

Globally, the issue of sustainable development has become more urgent in the face of
unstoppable urbanization as disaster risks are projected to increase, particularly in informal
settlements, since these areas are usually unplanned and have no basic infrastructure to
lessen their vulnerability to health, fire, and water disaster risks [1,2]. In Africa, including
South Africa, limited capacity and resources have constrained the provision of such infras-
tructure [1]. The lack of disaster risk reduction infrastructure in the informal settlements
of South Africa, including Giyani Local Municipality, has increased the vulnerability of
informal settlement communities to disaster risks, and this affects the achievement of SDG
11 set out in Agenda 2030. According to McEntire, Crocker, and Peters [3], the provision of
infrastructure plays a crucial role in reducing the vulnerability of informal communities to
disaster risks which, in turn, promotes the initiative of SDG 11 to make cities and human
settlements inclusive, safe, resilient, and sustainable [4]. Furthermore, investing in and
maintaining critical infrastructure that reduces risks is essential in making communities
resilient to disaster risks [5]. In South Africa, efforts to provide disaster risk reduction
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infrastructure in informal settlements may be seen in the Spatial Planning and Land Use
Management Act of 2013 (Act 16 of 2013), chapter 4 (A), Section 12 (h). The Act requires
Local Municipalities to develop Spatial Planning Development Frameworks, which include
and integrate informal settlements into the spatial, economic, social, and environmental
objectives of development [6].

Disaster risk reduction infrastructure, also known as critical infrastructure, entails a
range of engineered systems, assets, and facilities essential for day-to-day societal functions
and continued economic and societal functioning [3]. In other words, it involves the
provision of the primary physical structures, technical facilities, and systems which are
socially, economically, or operationally essential to the functioning of informal settlements,
both in normal circumstances and in extreme cases of emergency [3].

The provision of disaster risk reduction infrastructure in the context of Giyani Lo-
cal Municipality would support essential services in the four informal settlements, Mat-
shamahikani, Dumpsite, Hluephekani, and Ma-Two-Rooms. This kind of infrastructure
could be housing, roads for connectivity, regular safe drinkable water, waste manage-
ment, storm drains, sewerage systems, street lighting, electricity, communications systems,
hospitals and clinics, and centers for fire, police, and public administration services [7].
However, the municipality has not been able to provide such infrastructure and services
to communities in the four informal settlements, probably due to inadequate strategic
planning and development amidst insufficient resources and capacity.

Informal settlements, according to the Housing Development Agency, are unplanned
settlements on land that has not been surveyed or proclaimed as residential, and they
mainly consist of informal dwellings in the form of shacks [8]. They could also be informal
dwellings or makeshift structures not erected according to approved architectural plans [8].
With such settlements established without planning standards, it is not surprising that they
remain exposed to disaster risks. The Sendai Framework posits that whether in planned or
unplanned areas, it is crucial from the start to build better structures with proper design,
construction, and standardization of materials to withstand hazards [9]. A study by Pereira,
Shackleton, and Donkor [10] in South Africa reveals that when infrastructural systems such
as access roads and storm water drains are not maintained or are insufficient in various
municipalities, it increases disaster risks [10]. In order to reduce disaster risks through the
provision of disaster risk reducing infrastructure in most South African local municipalities,
such as Giyani, there is a need for the municipalities to introduce and re-think innovative
ways of addressing municipal challenges amidst limited capacity and resources [1,11].

This study, therefore, aimed to determine options for promoting disaster risk reducing
infrastructure in informal settlements in Giyani Municipality, Limpopo Province, South
Africa, which is a disaster risk-prone area [12]. Firstly, the study focused on describing
the condition of existing disaster risk reduction infrastructure. Secondly, we identified the
strengths, weaknesses, threats, and opportunities of Greater Giyani Local Municipality.
Thirdly, we formulated combined strategies using the TOWS matrix and applied the AHP
method to prioritize strategies and determine the most appropriate.

The TOWS-AHP analysis, which was developed by Saaty [13] and has been followed
by different scholars such as Wickramasinghe and Takano [14], Omid [15], and others, is an
ideal tool to determine optimum decisions by comparing and selecting strategies in many
decision-making processes. It is a pairwise comparison method that prioritizes factors using
a nine-point importance scale given by Saaty [13]. However, the application of the TOWS-
AHP analysis to disaster risk reduction is still limited. Fundamentally, it helps to derive ratio
scales from paired comparisons [16]. Savari and Amghani [17] used a SWO-FAHP-TOWS
analysis to develop adaptation strategies among small scale farmers in drought conditions
in Iran. Based on their analysis, possible approaches were provided to reduce the severity
of drought. Gago et al. [18] used a SWOT-AHP-TOWS analysis to assess stakeholders
perceptions of the New Digital Energy Management Platform in the municipality of Loule,
southern Portugal. Their findings reveal that the most suitable strategies were those that
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used the strengths of the system and strategies that took advantage of opportunities while
dealing with weaknesses.

This tool was employed in this study to find systematic relationships between strengths,
weaknesses, opportunities, and threats. It offered a structure for generating strategies based
on these relationships [19]. The method considered experts’ and officials’ opinions and
individual preferences [19]. Subsequently, the TOWS matrix formulation was crucial in
finding the ideal strategy for determining options for promoting disaster risk reducing
infrastructure in informal settlements in Greater Giyani Local Municipality, Limpopo
Province, South Africa. Therefore, this paper guides policymakers by determining options
for promoting disaster risk reducing infrastructure in informal settlements.

Spatially, the study was carried out in Greater Giyani Municipality, one of the five (5)
local municipalities in Mopani District in Limpopo Province, South Africa [20]. Mopani
District is one of the regions prone to disaster risks [12]. The scope of the research was
restricted to four informal settlements in the municipal area of Greater Giyani Local Mu-
nicipality, covering approximately 2967.27 square kilometers and holding an estimated
population of 256,300 people in 70,537 households [20]. Greater Giyani Municipality is
located +/−185 km from Polokwane, +/−100 km from Thohoyandou, and +/−550 km
from Tshwane [20]. The town of Giyani is the largest center of population concentration,
employment opportunities, shopping, and recreational facilities. These appear to be the
driving factors behind the emergence of informal settlements such as Matshamahikani,
Dumpsite, Hluephekani, and Ma-Two-Rooms in the municipality.

Following this introduction, this paper briefly examines the methods deployed in this
study. This paper goes on to present the condition of existing disaster risk infrastructure
and the TOWS analysis results and concludes with recommendations, highlighting possible
options for promoting disaster risk reducing infrastructure in informal settlements in
Giyani Local Municipality, Limpopo Province, South Africa

2. Materials and Methods
2.1. The Assemblage of Data Used in This Study

A mixed approach, both qualitative and quantitative, was employed in this study [21].
A case study of Giyani Local Municipality that included the collection of SWOT factors
from the Integrated Development Plan Report for 2019/2020 [20] (p. 103), as shown in
Table A1 Appendix A, and primary data using a pairwise questionnaire and unstructured
interviews from 30 purposively selected experts, as shown in Table 1, was carried out. This
sample size was considered for the purpose of pairwise comparisons, for which, according
to Sekaran and Bougie [22], matched pairs are necessary.

Table 1. Expert profiles.

Number of Experts Expert Groups Area of Expertise

6 Municipal officials Municipal infrastructure
1 Municipal officials Environmental management
2 Ward councillors Management of informal settlements
1 Spatial planning Land use schemes
2 Disaster management centre officials Disaster risk management
3 Local economic development and housing Housing and informal settlements
2 Traditional leaders Responsible for land matters and traditional affairs
8 Informal community elders Responsible for community leadership

5 Police officials Responsible for maintaining peace and order in
informal settlement areas

The analytical hierarchical process approach was applied to pairwise comparisons of
factors to prioritize them using eigenvalues.
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2.2. Conducting the SWOT Analysis

The SWOT analysis, as shown in Table A1, was performed after a field visit to Giyani
Local Municipality and a literature review of the Integrated Development Plan Report
for 2019/2020 [20], which aided in the identification of the strengths, weaknesses, oppor-
tunities, and threats of Giyani Local Municipality in relation to the provision of disaster
risk reduction infrastructure [23]. Strengths entail internal factors that give Giyani Munic-
ipality an advantage in providing disaster risk reducing infrastructure [24]. Weaknesses
are internal negative factors that may hinder the municipality in delivering disaster risk
reduction infrastructure in informal settlements [24]. Opportunities involve external factors
that the municipality could exploit to its advantage [24]. In addition, threats are external
factors that represent limitations that could cause difficulties in the provision of disaster
risk reduction infrastructure in informal settlements in Giyani [25].

2.3. Development of a TOWS Matrix

In order to develop combined strategies for promoting disaster risk reduction in-
frastructure in the informal settlements of Greater Giyani Local Municipality, a TOWS
Matrix was derived from the SWOT Analysis model, as shown in Figure 1. It is noteworthy
that the acronym TOWS is a modification of SWOT and was advanced by the American
International Business Professor Heinz Weirich [26]. The TOWS Matrix is aimed at devel-
oping strategic options from an external–internal analysis and is a practical tool that is
used to identify solutions for promoting disaster risk reduction infrastructure in informal
settlements.
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From Figure 1, four TOWS matrix categories were generated to ascertain strategies
for promoting disaster risk reduction infrastructure in informal settlements. Category (I)
involved SO (strengths–opportunities) as a maxi–maxi strategy in which strengths are
used to maximize opportunities. Category (II) constituted WO (weaknesses–opportunities)
as a mini–maxi strategy in which weaknesses are minimized by taking advantage of
opportunities. Category (III) involved ST (strengths–threats) as a maxi–mini strategy in
which strengths are used to minimize threats. Category (IV) involved WT (weaknesses–
threats) as a mini–mini strategy in which weaknesses and threats are avoided. Under each
strategy group, several sub-strategies were formed. For the SO strategy group, the SO1,
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SO2, and SO3 sub-groups were formed, for the WO strategy group, the WO1, WO2, and
WO3 sub-groups were formed, for the ST strategy group, the ST1, ST2, and ST3 sub-groups
were formed, and for the WT strategy group, the WT1, WT2, WT3, and WT4 sub-groups
were formed.

Table A1 shows the strengths, weaknesses, opportunities, and threats (SWOT) of
Giyani Local Municipality. The strategies formed for promoting disaster risk reduction
infrastructure are also presented. The first strategy group, SO, included SO1, SO2, and SO3.
The second strategy group, WO, included WO1, WO2, and WO3. The third strategy group,
ST, included ST1, ST2, and ST3. The fourth strategy group, WT, included WT1, WT2, WT3,
and WT4.

2.4. Optimal Strategies Using the AHP Method

The AHP method is a pairwise comparison method that prioritizes factors using a
nine-point importance scale given by Saaty [13]. Essentially, the AHP method was used
to derive ratio scales from paired comparisons in this study. The AHP method is a multi-
criteria decision-making technique enabling us to reach a general decision on the options
for promoting disaster risk reduction infrastructure in the informal settlements of Giyani
Local Municipality [16]. In the AHP method, pairwise comparisons are performs to derive
the relative importance of the variable in each level of the hierarchy and/or appraises the
alternatives in the lowest level of the hierarchy in order to obtain the best decision among
alternatives [19]. Given the nature of the responses derived through interviews, the AHP
method, which is an especially effective decision-making method when subjectivity exists,
was applied to identify the best strategy for promoting disaster risk reduction infrastructure
in informal settlements [27].

The prioritization mechanism involved assigning a number from a comparison scale
developed by Saaty [13] to represent the relative importance of the criteria. Pairwise
comparison matrices of internal and external factors provided the means for the calculation
of importance.

As indicated in Table 2, the AHP model is made up of three principles, the structure of
the model being the first, the comparative judgement of the criteria and/or alternatives
being the second, and the synthesis of the priorities being the third. This model (AHP) was
used in this study because the literature shows how widely it has been used in solving
many decision-making problems [14,16,19,28–30].

Table 2. Pairwise comparison scale.

Importance Explanation

1 Two criteria contribute equally to the objective
3 Experience and judgement slightly favor one over another
5 Experience and judgement strongly favor one over another
7 Criterion is strongly favored, and its dominance is demonstrated in practice
9 The importance of one over another affirmed in the highest possible order

2, 4, 6, 8 Used to represent a compromise between the priorities listed above

In this study, the AHP model helped to prioritize the elements of the TOWS matrix by
the choices and opinions of the experts. According to Odu [30], to determine the relative
importance of the criteria, after the problem has been resolved, the hierarchy is created
and the prioritization process starts. In each of the TOWS levels, the criteria are compared
pairwise according to their levels of influence and based on the specified criteria in the
higher level. In the AHP model, multiple pairwise comparisons are based on a standardized
comparison scale of 1–9 [16].

Considering X = {Xj | j = 1, 2, . . ., n} as a set of criteria [16], the pairwise com-
parison of “n” criteria can be summarized in an (n x n) evaluation matrix “A” in which
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every element ij (i, j = 1, 2, . . ., n) is the quotient of weights of the criteria as shown in
Equation (1) below:

A =
(
aij
)

nxn =



a11 a12 . . . . . . . a1n
a21 a22 . . . . . . . a2n

.

.

.
a1n an2 . . . . . . . ann


(1)

The last step involves each matrix being normalized and finding the relative weights
that are given by the right eigenvector (w) corresponding to the largest eigenvalue (λ max),
expressed as:

Aw = λ max·W (2)

When the pairwise comparisons are completely consistent, matrix A has a rank of
1 and λ max= n. In this case, weights can be obtained by normalizing any of the rows or
columns of A [14]. The quality of the output of the AHP model is linked to the consistency
of the pairwise comparison judgements [14]. The consistency is defined by the relationship
between the entries of A : aij× ajk = aik. The consistency index can be calculated using
the formula below:

CI =
λ max − 1

n− 1
(3)

The consistency ratio (CR) is then calculated to determine whether the evaluations are
sufficiently consistent. This was achieved by using the formula below:

CR =
CI
RI

(4)

where CI is the consistency index and RI is the random index as set by Saaty [13]. The
acceptable upper limit for CR is 0.1. If the final consistency ratio is > 0.1, the evaluation pro-
cedure has to be repeated to improve consistency. A CR ratio < 0.1, according to Datta [19]
indicates that the experts selected in the study are experienced and knowledgeable in the
area being evaluated and that their judgements are consistent.

3. Results and Discussion
3.1. The Condition of Existing Disaster Risk Reduction Infrastructure in Informal Settlements

As is shown in Figure 2, it is very clear that there is no disaster risk reduction infras-
tructure in the informal settlements of Ma-Two-Rooms, Dumpsite, Matshamahikani, and
Hluphekani. Their current state exposes these informal settlements to water, health, and
fire-related disaster risks. This is further exacerbated by their location, as they have been
established in environmentally sensitive areas. For example, Ma-Two-Rooms is located next
to a reserve and in a relatively hilly area [20]. As a result, the neighborhood experiences
water-related risks whereby surface water runoff damages untarred roads, making them
unsafe and inaccessible. Furthermore, fire disaster risks in informal settlements are caused
by the crowded and illegal housing structures established with cheap and combustible
construction materials.

The informal settlement of Hluphekani is located in a low-lying area, and this makes
it vulnerable to water-related risks. This is a result of poor drainage and a lack of storm
drainage channels to contain water during the rainy seasons.

The informal settlement of Dumpsite is highly vulnerable to health disaster risks
because it is located next to a dumpsite. According to Gbenga [31], communities that live
around dumpsites are usually exposed to health risks as a result of stagnant water, foul
smells, liquid waste, and poor hygiene and sanitation that may lead to respiratory diseases,
irritation of the skin, nose and eye problems, gastrointestinal complications, psychological
disorders, and allergies. Similarly, a community survey of residents living near an open
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dumpsite of solid waste in Sabak, Kelantan, Malaysia provided evidence that exposure to
dumpsites is hazardous to the health of residents [32].
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The informal settlement of Matshamahikani is in an environmentally sensitive area,
and it floods during the rainy season. The settlement lacks basic services such as electricity
and piped water. Pit latrines are mainly used in these informal settlements, as there are no
sewerage and drainage systems.

In addition, the informal settlement of Matshamahikani is located next to the Mrohgolo
River, which feeds into a low-lying area designated as a wetland. This land is next to the
structures expected to be formalized once the land use scheme that is under review comes
into operation. The proximate settlements have not undergone the process of township
establishment and are under the custodianship of the traditional authority. All these
conditions expose residents to disaster risks.

3.2. TOWS Matrix

The TOWS analysis of the factors in Table A1 generated four different types of com-
bined strategies, as shown in Tables 3–6.

Table 3. Pairwise comparison matrix between sub-strategies in SO group.

Group SO1 SO2 SO3 Importance Degree

SO1 1.00 0.50 1.00 0.25
SO2 2.00 1.00 2.00 0.50
SO3 1.00 0.50 1.00 0.25

CR = 0.00
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Table 4. Pairwise comparison matrix between sub-strategies in WO group.

Group WO1 WO2 WO3 Importance Degree

WO1 1.00 0.50 1.00 0.143
WO2 2.00 1.00 2.00 0.429
WO3 1.00 0.50 1.00 0.429

CR = 0.00

Table 5. Pairwise comparison matrix between sub-strategies in ST group.

Group ST1 ST2 ST3 Importance Degree

ST1 1.00 2.00 0.50 0.1429
ST2 0.50 1.00 0.33 0.4286
ST3 2.00 3.00 1.00 0.4286

CR = 0.018

Table 6. Pairwise comparison matrix between sub-strategies in WT group.

Group WT1 WT2 WT3 WT4 Importance Degree

WT1 1.000 2.000 0.333 2.000 0.207
WT2 0.500 1.000 0.333 0.333 0.121
WT3 3.000 3.000 1.000 1.000 0.310
WT4 2.000 3.000 1.000 1.000 0.362

CR = 0.022

3.3. Overall Priority of Each Sub-Strategy in the TOWS Matrix Determined by AHP Analysis for
Giyani Local Municipality

A TOWS matrix was used to generate strategic options for promoting disaster risk
reduction infrastructure in the informal settlements of Greater Giyani Local Municipality,
as shown in Table 7.

In the analysis shown in Table 6, the experts identified the SO strategy group as the
most ideal strategy group, giving it the highest score of 44%, followed by the WO, ST, and
WT groups with scores of 24.2%, 23.4%, and 8.94%, respectively. The consistency ratios of
the strategy groups are appropriate since they are less than 0.1.

3.3.1. Strengths–Opportunities Strategy Analysis (SO)

Under the SO category, Giyani Municipality needs to prioritize sub-strategy “SO2”
(0.22), which has the highest overall rating. This strategy entails implementing an environ-
mental framework that includes disaster management policies and an integrated waste
management plan. This, in turn, promotes proper solid waste collection and disposal
that aims at reducing the disaster risks associated with poor solid waste management in
informal settlements. It also attempts to address unemployment among informal settlers,
particularly the youth, through the introduction of waste recycling projects [33–35]. These
income-generating projects would then improve the standard and quality of life of the
informal settlers, thereby making them less vulnerable to disaster risks. The effective im-
plementation of disaster management policies is important as they are capable of limiting
the creation of slums and ensuring the provision of disaster risk reduction infrastructure
such as affordable housing, sewerage, and storm water drainage systems [2].

3.3.2. Weaknesses–Opportunities Strategy Analysis (WO)

The sub-strategies “WO2” and “WO3” under the WO category scored equally highly
with a degree of importance value of 0.1037 in each case. The experts highlighted these
as the most appropriate strategies to enable the municipality to promote disaster risk
reduction infrastructure in its informal settlements. The experts believed that to develop
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innovative technological projects that provide up-to-date infrastructural data would attract
government investments. This is important because during fieldwork, it was found that
spatial information was not available in the Geo National Database, and this affects spatial
planning and infrastructural development. According to Pinfold [36] and the World Bank
Group [37], more current and reliable data are usually useful in planning for informal
settlements. Such data include satellite images, topographic maps, base maps, and cadas-
tral maps, and can be obtained through the application of geospatial techniques. These
techniques involve the use of a geographic information system (GIS) and a database man-
agement system (DMS) [38]. The data obtained provide a basis for planning for disaster
risk reduction infrastructure, such as clean and safe regular piped water for homes, storm
and sewer drainage systems, street lighting, accessible routes, and electricity.

Table 7. Overall priority of each sub-strategy in the TOWS matrix determined by AHP analysis for
Giyani Local Municipality.

Strategy Group Strategy Group’s Priority Sub-Strategy Sub-Strategy’s Priority Overall
Priority

SO
CR = 0.00 0.44

SO1—Implement land use management policies to provide
disaster risk reduction infrastructure and attract tourism and
government investment (S1 O1 O4 O5)

0.250 0.110

SO2—Implement an environmental framework to reduce
disaster risks and create jobs by the recycling of waste (S2 O2) 0.500 0.220

SO3—Government investment and funds from tourism can be
channeled to provide disaster risk reduction infrastructural
projects to maintain liveable spaces (S4 O4)

0.250 0.110

WO
CR = 0.00 0.242

WO1—Improve governance systems and implement land use
policies while promoting disaster risk reduction infrastructure
to promote a safe and healthy society (W1 W2 W4 W5 W6 W7
W8 W9 W10 O3)

0.143 0.0346

WO2—Develop innovative technological projects that provide
up-to-date infrastructural data to attract government
investments (W3 O2 O4)

0.429 0.1037

WO3—Maintain and insure disaster risk reduction
infrastructure to promote tourism, aided by proximity to
Kruger National Park (W10 W7 O5)

0.429 0.1037

ST
CR = 0.018 0.234

ST1—Sports facilities can be used as places for awareness
creation (S5 T3) 0.143 0.0334

ST2—Revenue generated from tourism can be used to plan for
the available land and provide disaster risk reduction
infrastructure (S4 T6 T7)

0.429 0.1003

ST3—Implementation of an environmental framework to
protect the environment against ecological degradation and
reduce legal cases (S2 T4 T5 T2)

0.429 0.1003

WT
CR = 0.022 0.084

WT1—Awareness creation for disaster risks and their impacts
to protect environmentally sensitive areas (W1 T4) 0.207 0.0174

WT2—Training of more skilled personnel to monitor
legislative compliance (W4 T1) 0.121 0.0101

WT3—Improve infrastructural development by providing
up-to-date spatial planning data (W3 T2 T7) 0.310 0.0261

WT4—Integrate traditional authority into the development
process (W5 W8 T5 T6) 0.362 0.0304

Source: Data based on expert choices and IDP reports (2021).

Equally important is sub-strategy “WO3” (0.1037), which requires the municipality
to maintain and insure disaster risk reduction infrastructure because of its proximity to
Kruger National Park, to promote tourism, and to prevent land invasion.

3.3.3. Strengths–Threats Strategy Analysis (ST)

Under the ST category, the experts rated the “ST2” and “ST3” sub-strategies with a
high overall equal degree of importance value (0.1003). The “ST2” strategy highlights that
the municipality needs to maximize the revenue generated from the tourism sector to plan
for the available land and provide infrastructure for its informal settlements. On the other
hand, under the “ST3” strategy, the municipality needs to implement an environmental
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framework to maintain green infrastructure and protect the environment against ecological
degradation. This finding is in line with the United Nations’ actions to reduce disaster risks
in informal settlements by promoting green infrastructure and at the same time protecting
ecologically fragile areas [39]. Strategy “ST3” would also reduce legal cases against the
municipality due to bad and uninsured infrastructure that can lead to a loss of human life
because of disasters and accidents.

3.3.4. Weaknesses–Threats Strategy Analysis (WT)

Under the WT strategy group, the most important sub-strategy that the experts recom-
mended was “WT4” (0.0304). This strategy involves the integration of traditional authority
into the development process to promote collaboration between the municipality and
traditional leaders in planning and providing disaster risk reduction infrastructure, such as
affordable housing, sewer drainage systems, and street lighting in informal settlements.
This requires the municipality to establish a good work relationship with the community el-
ders and traditional leaders by involving them in decision-making processes. The literature
shows that including all stakeholders in the decision-making process is important for devel-
opment [40]. In addition, with a priority score of 0.026, the “WT3” sub-strategy requires the
municipality to improve infrastructural development by providing up-to-date spatial plan-
ning data, as the current outdated data misinforms planners. According to Twigg et al. [41],
it is important for municipalities to maintain up-to-date data for planning purposes, and
even more so for disaster risk reduction in informal settlements. For example, this has
worked in Australia, where up-to-date spatial data have often been useful in planning for
vulnerable communities and providing disaster risk reduction infrastructure [42].

Given the projected global increase in disaster risks, this study provides strategic
means of lessening disaster risks amidst the limited resources of local municipalities by
assessing their internal and external environments. However, the process used in this
study is subject to limitations. The analysis primarily considered the general internal
and external factors of Giyani Municipality that were obtained from experts and the IDP
report of 2019/2020. However, these factors are specific only to Giyani Local Municipality.
Nevertheless, other municipalities may use the same approach to generate strategies to
provide disaster risk reducing infrastructure based on their environments. Furthermore,
this analysis was cumbersome and took longer than expected to complete.

4. Conclusions

It can be concluded that disaster risk reducing infrastructure is non-existent in the
four informal settlements, thus exposing these spaces to disaster risks. The study con-
tributes to a more methodical understanding of the internal and external factors of Giyani
Municipality affecting the provision of disaster risk reducing infrastructure. The analysis
served as a way to obtain the views of experts with experience in planning, management,
administration, and provision of infrastructure towards the generation of strategies for
providing disaster risk reducing infrastructure. From the analysis, we conclude that for
successful strategic planning with limited capacity and resources, the municipality needs
to consider the suggested priority strategies to provide infrastructure in the informal set-
tlements. It is vital for the municipality to implement an environmental framework that
includes disaster management policies and an integrated waste management plan, to re-
duce disaster risks through the creation of waste recycling jobs, and to improve informal
settlers’ standards of living, protect the environment against ecological degradation, and
maintain green infrastructure. In addition, developing innovative technological projects
that provide up-to-date infrastructural and spatial planning data would attract government
investments in the provision of affordable housing, clean and safe regular piped water,
storm and sewer drainage systems, street lighting, accessible routes, solid waste collection,
electricity, policing, and healthcare services as these would reduce a range of disaster
risks. Moreover, maintaining and insuring disaster risk reduction infrastructure in the
area around Kruger National Park would promote tourism and reduce legal cases against
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Giyani Municipality. Furthermore, it is important to plan for the available land and provide
disaster risk reduction infrastructure using revenue generated from tourism. Lastly, the
municipality needs to integrate traditional authority into the development process. Other
policymakers interested in providing disaster risk reduction infrastructure in informal
settlements can also develop local and global strategies through the same approach.
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Appendix A

Table A1. SWOT and TOWS analysis of the study area, Ta WS analysis of the study area.

A SWOT and TOWS analysis

Internal Factors

Strengths (S) Weaknesses (W)

S1—Land use management policies in place (SDF, LUMS, by-laws)
S2—Environmental framework (disaster management policies, integrated
waste management plan)
S3—Waste management facilities
S4—Tourism
S5—Sports facilities in rural communities

W1—Lack of implementation of land use management policies and by-laws
W2—Lack of engagement with the review processes of policies (lack of
ownership)
W3—Outdated data that misinforms planners
W4—Lack of capacity in land use management
W5—Lack of institutional governance systems
W6—Minimum utilization of facilities and development programs
W7—Lack of insured infrastructure
W8—Lack of integrated processes
W9—Lack of implementation of council resolutions
W10—Poor maintenance of infrastructure

Ex
te

rn
al

Fa
ct

or
s

O
pp

or
tu

ni
ti

es
(O

)

O1—Tourism
O2—Waste recycling that results in the creation of jobs
O3—A healthy society resulting from the availability of
sports facilities
O4—Government investment directed to Giyani
O5—Proximity to Kruger National Park

SO1—Implement land use management policies to provide disaster risk
reduction infrastructure and attract tourism and government investment
(S1 O1 O4 O5)
SO2—Implement an environmental framework to reduce disaster risks
and create jobs by the recycling of waste (S2 O2)
SO3—Government investment and funds from tourism can be channeled
to provide disaster risk reduction infrastructural projects to maintain
liveable spaces (S4 O4)

WO1—Improve governance systems and implement land use policies while
promoting disaster risk reduction infrastructure to promote a safe and healthy
society (W1 W2 W4 W5 W6 W7 W8 W9 W10 O3)
WO2—Develop innovative technological projects that provide up-to-date
infrastructural data to attract government investments and waste recycling for
job creation (W3 O2 O4)
WO3—Maintain and insure disaster risk reduction infrastructure to promote
tourism, aided by proximity to Kruger National Park (W10 W7 O5)

T
hr

ea
ts

(T
)

T1—Lack of critical/specialized skills to ensure legislative
compliance resulting in a negative impact on the development of
infrastructure
T2—Legal cases against the municipality due to loss of
infrastructure and human lives resulting from the occurrence of
disasters and accidents involving uninsured and/or poorly
maintained infrastructure
T3—Non-functionality of the disaster management centre
T4—Ecological degradation
T5—Relationship with tribal authority (development not
addressing the vision)
T6—Unavailability of land for development
T7—Lack of sewerage and storm drainage infrastructure.

ST1—Sports facilities can be used as places for awareness creation (S5 T3)
ST2—Revenue generated from tourism can be used to plan for the
available land and provide disaster risk reduction infrastructure (S4 T6 T7)
ST3—Implementation of an environmental framework to protect the
environment against ecological degradation and reduce legal cases (S2 T4
T5 T2)

WT1—Awareness creation for disaster risks and their impacts to protect
environmentally sensitive areas (W1 T4)
WT2—Training of more skilled personnel to monitor legislative compliance
(W4 T1)
WT3—Improve infrastructural development by providing up-to-date spatial
planning data (W3 T2 T7)
WT4—Integrate traditional authority into the development process (W5 W8
T5 T6)
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