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Disaster Resilience, Disaster Risk Management requires up-to-date land information availed through the
Disaster Risk cadastre. Informal settlements are often located in disaster prone areas. Having up-
Management, to-date land information about these informal settlements is one step towards

Land Tenure,
Informal Cadastre,
Informal Settlements,

disaster preparedness and building community resilience in the highway towards
sustainable development. This study designs conceptual models using unified

Informal Tenure, modelling language (UML) for an informal cadastre for recording land information
Social Tenure Domain pertinent to disaster risk management based on a South African case study. The
Model results demonstrate that land tenure relationships in informal settlements can be

mapped using the Social Tenure Domain Model (STDM). The importance of
disaster information is that it provides communities with information to tackle
disasters and improve in their capabilities to handle them. With such information,
the disaster risk can be minimised. This study is aligned to Sustainable
Development Goals (SDGs) 1 and 3. The linkage between spatial data, disaster
resilience and the SDGs is explored.
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The ever-increasing urban population is resulting in a rise in demand for
affordable housing (Safarabadi et al., 2015). All citizens have a right to adequate
housing and against eviction from their places of residence according to Chapter 2:
Section 26(1) and Section 26(3) of the Constitution of the Republic of South Africa (RSA,
1996). Un-Habitat concurs that housing is a basic need and should be available to all
(Un-Habitat, 2011). While this protects the public, this presents a dilemma of informal
settlement growth that continues to escalate in South Africa (Huchzermeyer, 2006). The
increase in slums is partly dependent on failure to provide adequate housing by local
governments and increasing poverty (Hofmann et al, 2015; Safarabadi et al., 2015) and
inherited inequalities regarding access to economic resources (Huchzermeyer and
Karam, 2006) and urban sprawl. Urban sprawl focuses on land transformation activities
occurring on the periphery of urban areas or in the peri-urban areas (Wadduwage and
Millington, 2019). Uncontrolled urbanization has resulted in multiple problems in many
cities worldwide that include substandard living conditions, waste management, water,
air and noise pollution (Tamilenthi and Baskaran, 2013). Unprecedented urbanisation
coupled with a refugee crisis can impact negatively on the ability for municipalities to
manage economic growth, social welfare and service delivery in their cities (Teoman,
2018) and often leads to the formation of slums. Population growth is resulting in
degradation of the environment and increased desertification (Jahantab et al, 2017).

Informal settlements are a growing phenomenon worldwide (Safarabadi et al.,
2015). They normally serve low-income residents but often bring about multiple negative
effects on the environment. In some countries informal settlements are mostly
concentrated in the urban periphery. In South Africa’s context, the sprawling mostly
happens inland than in the peri-urban spaces due to specific factors such as: proximity
to work opportunities, distance to work, distance to amenities, distance to existing
infrastructure and availability of a water source such as a river among others.

The low-quality material that is used to construct houses and structures in
informal settlements such as galvanized zinc sheets and wooden boards reflect poverty
and unequal access to economic resources. These building materials offer the least
protection from the weather elements and natural disasters that strike because of
climate change. Informal settlements house the majority of the poor and low-income
earners. This group of people is exposed to poverty and is at high risk of contracting
diseases by nature of the environment they dwell in warehouses are cramped together
(see figure 1) to cater for the high population density. The proximity of houses and
therefore people increase the transference of diseases and disasters such as fire from
one household to another and one property to another respectively. There lacks proper
infrastructure such as paved roads, water and sanitation before informal settlements
upgrades have been affected, and normally after several service delivery protests. Local
governments should design effective policies for managing informal settlements. The
improvement of quality of life and living standards of all citizens should be the priority of
any municipality (Nyussupova et al., 2017).

Informal settlements can be identified or detected through analysing high
resolution multi-temporal aerial photography and satellite imagery as such images can
be analysed to detect urban changes (Tamilenthi and Baskaran, 2013). The patterns of
houses and roofing material often makes it easy to identify them on a true colour
photograph (see figure 1). On multispectral satellite imagery, image classification has to
be carried out to identify and quantify the extent of informal settlements through
assessment of land use and land cover change. Multi-temporal remote sensing imagery
enable land use change detection to be executed in a timely and cost-effective manner
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(Tamilenthi and Baskaran, 2013). Remote sensing imagery is used in quantifying land
use change in India using Landsat TM imagery by (Vishwakarma et al, 2016). Figure 3
demonstrates land use and land cover change in Booysens, Pretoria due to the
mushrooming and expansion on an informal settlement over a number of years resulting
in a once vegetated area now occupied by households. Land use describes mankind’s
activities on land (Vishwakarma et al, 2016).

Figure 1. Image of Informal Settlement

[

Source: Goole Earth (25.722032°S 28.119801°E)

These informal settlements are often located in restricted open spaces such as
wetlands and flood plains which are disaster risk prone areas (Doberstein and Stager,
2013; Napier and Margot, 2002; McCallin et al, 2015) and sometimes on mountain sides
where there is risk of house being washed away during storms. The most prominent
disasters are due to floods and fire. Typical examples include flooding in Cape Town
(Somdyala, 2019) and Durban (Singh, 2019); and fire outbreaks in Alexandra
(Nggakamba, 2019) that has resulted in loss of lives and property. Present day, natural
disasters such as floods are occurring with increasing frequency and intensity (Bello and
Aina, 2014; Kurwakumire et al, 2019) and result in loss of life and devastated livelihoods
(Sawada and Takasaki, 2017) with poverty eventually the resulting by-product.
Disasters impact negatively on vulnerable communities in informal settlements (Tas et
al, 2013) where less formal and often weak land tenure arrangements exist (McCallin et
al, 2015). Informal settlement dwellers are often evicted by municipalities from their
places of residence (Shatkin, 2004) due to their insecure land rights.

These areas seldom lack adequate land information (Lengoiboni et al, 2019) for
use in disaster resilience activities (Unger et al, 2019) and effecting interventions for
improving living conditions (Hofmann et al, 2008) such as sanitation (Hasan, 2006;
McFarlane, 2008), clean water and roads. As informal settlements fall under the informal
land rights, there often does not exist methods for documenting rights as is the case
with some customary tenure systems (Kurwakumire, 2013, Sylia et al, 2018, Lengoiboni
et al, 2019). This is partly due to informal settlements being considered as illegal or
extra-legal by virtue of their position in the continuum of land rights (see figure 2) and
lack of recognition by statutes (Whittal, 2014; Mutisya and Yarime, 2011) and municipal
systems (Shatkin, 2004) and weak security of tenure (Hurskainen and Pellikka, 2004).

This is in the wake of different parts of the world being in the information society
and technology for gathering land information is becoming cheaper and widely available.
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Spatial data such as maps are increasingly becoming available in digital form enabling
remote access by users through smart devices (Evangelidis et al 2018). Maps are
important for decision making as they provide spatial identity. Maps are important tools
for making decisions and policy interventions for informal settlements. Cadastral maps,
in this case, depict the location and extend of each household in the informal settlement
and other socio-economic data can be added as layers to each land parcel identified
and defined. Cadastral maps are the base layer in land information systems and spatial
data infrastructures. Such infrastructures are necessary for ensuring efficient access to
spatial information.

Geographical Information Systems (GIS) can be used to map electrical assets
using high-resolution satellite imagery (Rai and Singh, 2016). In the same manner, it
can be employed in mapping households and their nature for the cadastre for disaster
management. Information that can be modelled include wall types and roof covers for
buildings, municipal services, and public infrastructure. In this study, satellite imagery is
used in mapping boundaries. The application of satellite images in boundary mapping
is detailed in (Lemmen et al, 2009). In other studies, GIS has been used for mapping
and analysing urban ecosystem services (Nedkov et al, 2018) and in monitoring of
epidemics for example leptospirosis in (Ferreira and Marujo-Ferreira, 2019). Similarly,
GIS can be employed in modelling the spread of water borne diseases such as cholera,
dysentery and malaria based on socio-economic information that is recorded, stored,
and managed in an informal cadastre. This information is useful in controlling and
containing the spread of the pandemics through allocating necessary interventions in
the identified hotspots. In the period 2020 to 2021 there has been wide use of GIS in
monitoring the spread of the Covid19 pandemic and to direct government policy in
mitigating its impacts.

Figure 2. Continuum of Land Rights Model

Perceived
tenure Adverse
approaches  Occupancy  possession Leases
Informal ’ Formal
Customary  Anti-evictions Group Registered

tenure freehold
Source: Un-Habitat, 2011

Informal settlements imply that such areas are under informal tenure in which
rights to land are not formally recognized (Augustinus 2010; Whittal 2014). Informal land
rights fall under the continuum of rights (UN- Habitat 2018) and can be represented
using the social tenure domain model (Augustinus 2010; Lemmen et al, 2007; Lemmen
2010). Normally no policies about attaining the sustainable development goals exist in
these areas. Interventions are often affected on need and non-permanent basis, for
example, after the surprise strike of a natural disaster or disease outbreak. Informal
settlements are beyond the scope of the spatial development framework of the city yet
in reality, they coexist with other planned suburbs. Spatial data plays an important role
in targeting interventions (Craglia and Johnston, 2004), improving service delivery
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(Passalent et al, 2013) and designing and implementation of policies (Scott and
Rajabifard, 2017) that can aid in achieving a sustainable future in informal settlements.

Currently informal settlements have little or no land information available as they
are not formally recognized by municipalities. The inhabitants of informal settlements
are more vulnerable to disaster risk such as floods (Doberstein and Stager, 2013; Tas
et al, 2013; Abunyewah, 2018) by virtue of their existence on unplanned urban spaces
or restricted places by virtue of their environmental characteristics. Without adequate
land information, authorities are not able to effect rapid decision making (Hurskainen
and Pellikka, 2004) and respond to disasters, hence the need to record land information
(Unger et al, 2019) about informal settlements and their dwellers. Informal settlements
also introduce land use and cover change that result in deforestation (see figure 3) and
sometimes land degradation. Land use change detection can be used to identify urban
sprawl. This is achieved through classifying and analysing satellite imagery taken over
different years (Gonzalez Gonzalez, 2017). Within land administration literature there
has been a drive towards formalizing informal tenure including the recording of land
rights (Kurwakumire, 2013; Whittal 2014). This has often been achieved through land
titing in some developing countries.

Figure 3. Land cover change between 2005 and 2021 due to Informal Settlement growth

October 2013 February 2021

Source: Google Earth

The Social Tenure Domain Model (STDM) was developed to aid developing
countries with little or no spatial coverage, customary tenure and informal settlements
in recording land rights (Lemmen, et al 2007). The purpose of the STDM is to model all
land rights regardless of their position in the continuum of land rights or their level of
legitimacy and or legality (Lemmen et al, 2007; Lemmen, 2010). The official recording
of land rights is an initial step to ensure equality and access to economic resources
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which can reduce poverty (Mendola and Simtowe, 2015) in accordance with sustainable
development goal 1. This process can be combined with the collection of disaster risk
planning to assist with disaster response and management tasks. The disasters include
pandemics that may spread in informal settlements. A focus towards achieving the
sustainable development goals would see informal settlement dwellers improving on
their economic potential thus reducing poverty and living in healthier environments.
Land registration and titling can result in the establishment of land markets (Deininger
and Binswanger, 1999; Galiani and Schargrodsky, 2010) that attract other forms of
investments.

The sustainable development goals (SDGs) bring attention towards poverty
eradication and improving the quality of life of citizens through several interventions to
include access to health, education and decent homes (Nyussupova et al., 2017). The
sustainable development goals can provide direction of policy for informal settlements
with the guidance of available land information. In order to improve management of
socio-economic development in an area, itis crucial to map, visualise and monitor socio-
geographical using geographical indicators (Nyussupova et al., 2017). There has been
inadequate research about the development of cadastres for informal settlements and
furthermore the linkage towards disaster risk management and attainment of the
sustainable development goals. The aim of this paper is to design conceptual models
for an informal cadastre for collecting, storing and managing informal settlement
cadastral and disaster risk information for the purposes of attaining sustainable
development goals 1 and 3. A framework showing the linkage between the informal
cadastre, disaster management and sustainable development is discussed.

2. RELATED WORK

This section discusses prior literature on issues and vulnerabilities faced by
informal settlement inhabitants, sustainable development and cadastres.
2.1 Informal Settlements

Informal settlements face challenges of disease and other epidemics by nature
of the locations they exist, often wetlands in South Africa and seldom inadequate
sanitation (Taing et al, 2013) and water reticulation infrastructure. When there is above
average rainfall, these areas flood and bring with them several diseases. When there
are actual floods, informal settlement dwellers have higher risk to loosing property and
becoming homeless. Their houses are very closely located (Hofmann et al, 2015) and
in most cases made of timber in the interior which increases the risks of fire. Fires start
due to overloading of electricity transformers as dwellers make illegal connections of
electricity to their houses. The lack of piped water, proper sanitation and refuse
collection brings a wide array of diseases. Grass is not cut, adding mosquitos and
possibility of malaria to possible outbreaks. There are no health centers within the
settlements. Other challenges include crime and environmental degradation
(Onyekachi, 2014) and a wide array of diseases (David et al, 2007). The lack of
cadastral data and address data makes it a challenge if not impossible for emergency
services such as ambulances to promptly react to emergencies. If all these
vulnerabilities and their magnitudes are mapped, authorities can in principle develop
interventions and strategies for eradication in the event of actual outbreaks. This
requires spatial data of the settlements so that post disaster strategies can be effected.
2.2 Sustainable Development
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Sustainable development is about exploitation of resources in manner than
ensures survival of future generations. It can be extended to the design and
implementation of policies, strategies and interventions in a manner that solves
problems for a relatively long time. Informal settlements face many challenges in form
of disaster risks and vulnerabilities which require sustainable solutions. Informal
settlements need to build community resilience which enables them to manage, cope
and recover in the event of disasters striking (Adger et al, 2005). Informal settlements
have grown partly due to the failure by governments to provide adequate affordable
housing and inequity in access to economic resources (Huchzermeyer and Karam,
2006; Hofmann et al, 2015). The attainment of sustainable development is linked to the
achievement of the sustainable development goals. This study is aligned with SDGs 1
and 3. To achieve these goals, there is need to up-to-date land information
complimented by disaster risk information that is spatially referenced. This spatial data
will aid all agencies interested in effecting interventions in targeting them where they are
needed most and in designing the relevant policy instruments (Scott and Rajabifard,
2017). Accurate spatial data plays an important role in targeting interventions (Craglia
and Johnston, 2004) when conducting problem solving. Spatial Data Infrastructures
(SDIs) provide linkage to geographic information by different users (Otero and Torres,
2017).

2.3 Cadastres and Land Registration

A cadastre is an official record of land information based on the land parcel and
normally exists in areas of formal tenure such as freehold. Cadastral data is the most
important component in the cadastre as it depicts boundaries of all land parcels. A land
parcel can be associated with land use activities and ownership (FIG, 1995). The
cadastral layer links a person to a particular geographical location in space (Henssen,
1995). In the context of this study, the cadastral layer defines the boundaries of each
land parcel in the informal settlement as well as the end of the whole informal settlement.
The cadastre plays and important role in improving land administration and
management.

2.3.1 Boundary Mapping

There are two types of boundaries that are considered in cadastral surveying:
Fixed and General Boundaries. Fixed boundaries are accurate delimitations determined
by high precision surveying instruments such as Total Stations and Global Navigation
Satellite System positioning equipment. With these instruments, sub-centimeter
accuracy for positioning of boundary beacons is achieved. Monuments placed in the
position of beacons to mark boundaries are often 12mm iron pegs in concrete. Fixed
boundaries are stored as coordinates available in a survey diagram of the property in
guestion. General boundaries on the other hand are often less accurate but relatively
inexpensive to map. They use natural features and, in most cases, manmade fences to
depict boundaries. A hedge for example, can be used as a boundary between two
properties or a tree can be used as a beacon for a corner point. The challenge with
general boundaries is that they are not always fixed as for example, hedges grow on
either side of properties and the actual boundary line eventually shifts. General
boundaries are not stored as coordinates but are based on the knowledge of the
property owners and the community locals (Kurwakumire and Chaminama, 2012). To
speed up land registration, satellite images (see Figure 1) can be used to extract general
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boundaries. Satellite images provide a pro-poor and low cost method of surveying
cadastral boundaries as opposed to the expensive conventional approaches of fixed
boundaries (van der Molen, 2005; Lemmen et al, 2009). The traced boundaries need to
be confirmed by neighboring parties in a participatory land registration approach
(Kurwakumire, 2013).

2.3.2 Continuum of Land Rights

The continuum of land rights (see figure 2) classifies land tenure arrangements
from formal to informal which translates to most secure to least secure (Un-Habitat,
2011; Whittal, 2014). Formal tenure arrangements are properly registered and
documented at the cadastral and deeds offices and are based on fixed boundaries and
have supporting legislation. Informal land rights are largely undocumented (Lengoiboni
et al, 2019; Morales et al, 2019), and employ general boundaries which are often
unmeasured. In some cases, municipalities do not recognize the rights, as they are
considered fillegal’ or in other terminology ‘extra-legal’. Citizens with weak tenure
arrangements are often the most vulnerable to disaster risk (Tas et al, 2013;
Abunyewah, 2018). They have high risk of extended poverty due to their likelihood of
being evicted by city authorities from their homes, when they are already poor.

2.4 Land Information Infrastructure Design

While there is wide research in developing cadastral information systems which
are also referred to land information infrastructures, there is wide consensus about
restraining from reinventing the wheel when designing systems. This has seen the
development of frameworks and conceptual schemas for designing land information
infrastructures such as the core cadastral domain model (van Oosterom et al, 2006),
social tenure domain model (Lemmen et al., 2007; Lemmen, 2010) and the land
administration domain model (Tjia and Coetzee, 2013; Lemmen et al, 2015). The other
aim of these models was to provide sustainable solutions to land administration
challenges faced particularly by the developing world. These conceptual schema can
be adapted to suit different contexts and country tenure arrangements as there is no
one-size-fits-all system in land information infrastructures. The social tenure domain
model was specifically developed to map and register rights for less formal tenure
arrangements (Augustinus, 2010; Lemmen, 2010). It covers communal areas and
informal settlements hence its application in this study. The social tenure domain model
has been successfully applied in mapping family tenure in Trinidad and Tobago by
(Griffith-Charles, 2011).

2.5 Highlights

Informal settlements fall on the informal section of the continuum of rights model.
This means they are characterized by insecure and undocumented rights which
translate normally to absence of land information and formal cadastres. Informal
settlement dwellers face high risks of disasters such as floods and fires with great
exposure to epidemics due to inadequate sanitation and refuse collection and
sometimes lack of clean drinking water. To reduce vulnerabilities, there is need to build
community resilience. The first step is to collect and present cadastral and disaster risk
information about the informal settlements. This information is then used for managing
disasters, targeting interventions, and designing sustainable development policy
frameworks. The social tenure domain model can be used to map the land rights as it
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was designed for mapping less formal tenure arrangements. Informal settlements
employ general boundaries which can be extracted from satellite images to generate
the cadastral layer.

3. CASE STUDY AND METHODOLOGY

The case study adopted for this article is Gomorrah informal settlement in
Pretoria, South Africa shown in figures 1 and 4, located in a disaster risk area. A lost
cost method is adopted which employs open-source software for mapping boundaries.
Property boundaries are determined through digitizing Google Earth imagery using
AutoCAD software.

Figure 4: Gomorrah Informal Settlement

Gomorrah Informal Settlement, Pretoria (Source: New Land Claim in Gomorrah Informal
Google Earth) Settlement [Photograph taken on 5 August
2019 at location (-25.722422, 28.126570)]

Figure 5: Land Tenure Models

Man

,7 SpatialUnit

(  Right ) SocialTenure
Relation

Parcel |— Person

Subject-Object-Right Model (Henssen, 1995) STDM (Lemmen, 2007; Augustinus, 2010)

The database modelling or conceptual schema is done using Unified Modelling
Language. The recording of land rights is done based on the subject-object-right model
for land tenure in (Henssen, 1995) which is the core of the STDM presented in (Lemmen
et al, 2007) and applied in (Griffith-Charles, 2011). An informal approach to registering
land rights is recommended as informal settlements are normally considered as illegal
settlements (Whittal, 2014; Mutisya and Yarime, 2011) and formal methods of recording
rights that require boundary surveys are often too expensive hence the presentation of
a pro poor rights registration method (van der Molen, 2005; Augustinus, 2010; Lemmen,
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2010; Kurwakumire, 2013) for documenting land information in informal settlements in
this study.

4. RESULTS
4.1 Low Cost Boundary Mapping for Informal Settlements

Fixed boundary surveys are among the most expensive aspects of land rights
registration (Kurwakumire and Chaminama, 2012) and often their costs are beyond the
reach of the poor (van der Molen, 2005). Informal settlements are of a social nature as
their creation results from the need to solve a societal problem of inadequate housing
delivery, poverty and inequality in access to economic resources. In the creation of
informal settlements, neighbors agree on their plot boundaries on the ground and use
fences to denote their boundaries (see figures 1 and 7). These general boundaries
where digitized used AutoCAD resulting in the diagram presented as figure 6. The same
applies to land held under customary tenure (Kurwakumire, 2013; Lengoiboni et al,
2019). Since boundary surveys are expensive (van der Molen, 2005; Kurwakumire and
Chaminama, 2012) and informal settlements are considered as illegal settlements
(Mutisya and Yarime, 2011), boundary extraction from freely available google earth
imagery is utilized to design the cadastral layer. Boundaries have been extracted from
satellite imagery in (Lemmen et al, 2009). A GPS coordinate for the centroid of the parcel
is extracted and used for navigation and network analysis functions. The WGS84 UTM
Zone 35S : EPSG:32735 projection with parameters { Extent: 24.00, -80.00, 30.00, 0.00;
Proj4. +proj=utm +zone=35 +south +datum=WGS84 +units=m +no_defs} was
employed with the ground control points (see Figure 6).

4.2 Abstract Schema for Informal Cadastre

This study presents an informal cadastre in the sense that the area under study
is under informal tenure and the settlement has not been sanctioned by the municipality.
Such areas fall under social tenure and thus can be documented and modelled
(Lemmen et al, 2007; Lemmen, 2010) using a database approach. This cadastre is the
basis for gathering information that can be used in disaster risk management. A
cadastral layer for a portion of the area under study is depicted in Figure 5. While this
exercise can be done using satellite imagery, there is still need to confirm some
boundaries through fieldwork since boundary marking features are not always visible
from the images. Unified modelling language (UML) is used in developing the
preliminary conceptual schema of the informal cadastre presented in figure 7 showing
the relationship between the plot (spatial unit), land rights (social tenure relation) and
the person or subject as illustrated in (Lemmen et al, 2007). UML has been used in
modelling cadastral systems in (Kurwakumire, 2013; Tjia and Coetzee 2013; van
Oosterom et al. 2006; Griffith-Charles 2011). The spatial unitis the informally subdivided
plot comprising the plot and buildings. The primary identifier is the parcelid. Stand
numbers (standNo) are allocated incrementally and can have a prefix or suffix linked to
the name or section of the informal settlement for easy identification. Street names can
be assigned by informal settlement dwellers of a particular street.

Figure 6: Extracted Cadastral Layer for Gomorrah Informal Settlement
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The land use code relates to the primary activity on the plot which can be
residential, business, non — governmental organisation and day care. Business covers
small grocery shops, car washes, barbers and saloons in the informal settlement. Under
non-government organisations, a clinic may be set up to facilitate immunization of
children.

The social tenure relation represents the actual rights that the informal settlement
dwellers have even though they are on the informal side of the continuum of rights. The
rights are mainly for plot owner and rental assigned as informalPlotOwner and
informalPlotRental respectively. The person is the natural or non-natural person who is
holding rights to the plot or property within a given plot (Lemmen et al, 2007) in
accordance with the social tenure domain model. The natural person is an individual or
family who have rights to a plot or section of the property in a plot in the informal
settlement. The non-natural person represents the non-governmental organisations who
try to aid informal settlement dwellers especially in the areas of health and day care
centres.

5. TOWARDS A COMPREHENSIVE CONCEPTUAL SCHEMA

The model based on the subject-object-rights that translates to ‘person - spatial
unit - social tenure relation’ (see figure 7) and based on the land tenure model by
(Henssen 1995) provides a limited view of land rights. Figure 7 however, provides value
addition through presenting a social tenure situation for informal settlements. This
provides a basis for recording land information based on a database approach. In this
section the model presented in figure 7 is expanded to incorporate aspects in the social
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tenure domain model and new classes related to disaster management (see figures 8,
9 and 10).

Figure 7: Abstract Conceptual Schema for Informal Settlement Land Rights

SpatialUnit

+ parcelid: id [PK]

+ gpsCoord: Array]lat,long]

+ standNo: Alphanumeric

+ streetName: CharacterString
+ landUseCode: Integer

+ bldgMaterialCode: Integer

+ occupationDate: Integer

+ waterConnection: Boolean

+ sewerConnection: Boolean
+ electricityConnec: Boolean

SocialTenureRelation

Houses or Strutures in Gomorrah Informal
Settlement [Photograph taken on 5 August
2019]

+ tenureType: Alphanumeric

+ priName: CharacterString
+ maritaiStatus: Boolean
+ secName: CharacterString

STDM Adaptation for Informal Settlements
[Adapted from (Lemmen et al. 2007; Henssen
1995)]

Restricted open space in a flood plain adjacent
to Gomorrah Informal Settlement [Photograph
taken 5 August 2019 at location (-25.721516,
28.126665)]

Figure 8: Informal Settlement Party Class — Modified from (Griffith-Charles 2011)

class Informal Settlement Party

informSettie Individ ual Pa ity informSettie GroupParty infarmSettieCorporateParty

. n!,u
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(n ,H

+ stdmParty Type PartyType

The informal settlement party class (see figure 8) describes the different kinds of
owners, which are individual, group, multiple group and corporate. Individual refers to
one person registering occupancy to the property while groups are families. Multiple
groups relates to a situation where there are many families on a single property. Each
family in this case, each family possesses a share of the total rights including the rights
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of passage. This is the case when the owner constructs additional structures for rental
purposes or the property is used exhaustively for rental purposes. This class is an
expansion of the person class in Figure 7.

Table 1. Restrictions Class Table 2. Responsibilities Class
Restrictions Class Responsibilities Class
Attribute | Options Attribute | Options
restricType | 30m buffer from existing properties responType | Settlement cleanliness
No construction on wetlands Infrastructure vandalism
No construction biodiversity areas Air pollution

No construction in parks
No construction over utility pipes

No construction in electricity
servitudes

Existing road buffers
No firewood harvesting

Figure 9: Social Tenure Relationship Class — Modified from (Griffith-Charles 2011)

class Social Tenure Relationship
sedalTenureRelationship

The social tenure relationship class (see figure 9) is an expansion of the social
tenure relation class in figure 7. Social tenure relationships are time dependent as land
changes hands with time. The specialisations from the social tenure relationships are
the rights (stdm_Right), restrictions (stdm_Restrictions) and responsibilities
(stdm_Responsibilities) sub-classes. The rights class map the different ways in which
land can be held and registered in informal settlements to include occupancy and rental.
Restrictions (see table 1) depict regulations that informal settlement dwellers should
abide to such as building lines from existing roads, servitudes from electricity power
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lines and distance from existing planned neighborhoods. Responsibilities (table 2)
include keeping the settlement clean which is not always adhered to. Restrictions and
responsibilities are modelled in the social tenure relationship class (Figure 9).

The informal settlement spatial unit class depicted in figure 10 shows the property
unit and the different classifications that exists. The spatial unit table describes the
nature of the property and the land uses. The property is described as land only or land
and buildings while single or multiple land uses are described. The primary and most
dominant secondary land use are documented.

The informal settlement spatial unit class contains information about the land
parcel, buildings, municipal services (table 3) available and risk vulnerabilities (table 4)
that the dwellers are in potential danger of. The building unit sub-class describes the
materials with which buildings are constructed and roofed with and the material for
perimeter walls. Brick walled houses (figure 10) stand greater chance of remaining erect
than metal sheets (figure 7) while a brick perimeter wall is a better barrier to heavy winds
and runaway water that contribute to flooding.

Table 3. Services Class Table 4. Disaster Risk Class

Services DisasterRisk

Attribute Options Attribute Options
Electricity Yes Floods High

No Medium
Water Yes Low

No hailStorms High
Sewer Yes Medium
No Low
Fire High
Medium
Low
strongWinds High
Medium
Low
epidemicVulnerability | High
Medium
Low

Source: Authors elaboration

In cases where there are fire outbreaks, when there are many buildings in a
property the fire is likely to extend to neighboring properties as structures in neighboring
properties will be in close proximity. The number of buildings correlates to the number
of people and or families living on a particular property. The information collected from
this table is usefully in making decisions of disaster vulnerability per property or per a
group of properties.

The major risks identified from the social tenure modelling are floods, hailstorms,
fire, strong winds and epidemics and are embedded in the informal settlement spatial
unit class (see figure 10). These variables are measured on an ordinal scale with high,
medium and low as possible values. From figure 3, the informal settlement is in the
proximity of a dam which the public could use as a source of drinking water and attract
various water borne diseases which are represented by the riskVulnerabilities sub-class
in figure 10. Where there is no electricity it means firewood is a major source of energy
which can result in fire outbreaks. Where electricity has been supplied, there may be
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electrical fires due to overload of the network as a result of illegal connections to
transformers. The services sub-class collects information on services provided my
municipal authorities in the informal settlement which are largely electricity, water and
sewer. When there is no water and sewer connections the risk of epidemics is high.

Figure 10: Informal Settlement Spatial Units Class — Modified from (Griffith-Charles

2011)
Attribute Options

Spatialunt
unitType Land only
Land and Buildings
stdm_Spatia lUnit primaryUse Residential

Business
secondaryUse | Business
Residential
Agriculture
None

antviD

+ + panylD

Houses or Structures in Gomorrah Informal
Settlement [Photograph taken on 5 August 2019
at location (-25.702612, 28.126781)]

6. ACHIEVING THE SUSTAINABLE DEVELOPMENT GOALS

The cadastre can serve many purposes, one of which is to store and manage
information about property boundaries, ownership, use and value. Above this basic
information, the required outcomes from the sustainable development goals and
disaster resilience needs of the informal settlement can also guide the secondary
functions of the cadastre (see figure 11). From those outcomes, field parties can then
identify the disaster and epidemic risks that the community is susceptible to and the
required land information to improve disaster preparedness and management.

With this information, conceptual modelling using the social tenure domain model
is then done to identify the different classes (figures 8, 9 and 10) and attributes for the
cadastral database. After conceptual modelling, the cadastral database is designed
together with a field mobile app for data collection. After collecting and verifying field
data, the land information is transferred to a central storage with three main functions:
Disaster Resilience, Community Health and Poverty Management.
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The purpose of the disaster resilience system is to improve resilience through
predicting, monitoring, managing and improving response to disasters. The community
health system monitors epidemic outbreak and the development of eradication
scenarios, their implementation and approaches to circumvent them. The poverty
management system is for poverty mapping and targeting interventions that reduce
poverty through economic empowerment programs, food packages and educational

bursaries for learners.

E. KURWAKUMIRE et al., Vol.12(2), pp.052-073, 2021
© European Association of Geographers

Figure 11: Linkage between SDGs and Informal cadastre and Disaster Resilience
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The activities from these three systems are evaluated against the indicators set
together with the outcomes required from the sustainable development goals and
feedback provided for improvement. As this feedback cycle continues and improvement
measures effected, the SDG outcomes will eventually be realized and community
resilience enhanced.

7. ANALYSIS
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Natural disasters such as floods have been increasing in intensity and frequency
(Salami et al, 2017a; Rajabifard et al, 2018; Kurwakumire et al, 2019). Flood disasters
thus claim the lives of millions worldwide. They also result in massive destruction of real
property and other economic infrastructure (Salami et al, 2017b) such as roads, bridges
and telecommunications networks. Informal settlements have higher exposure to floods
because they often occur in restricted areas (Doberstein and Stager, 2013; Abunyewabh,
2018) such as wetlands and alongside dams as they provide dwellers with a source of
water. The natural disasters occur in the wake of poor disaster preparedness by
communities in informal settlements (Abunyewah, 2018).

Figure 12: Risk Vulnerability Mapping

Land Tenwre Security

A A Disaster Resilience
& o &
£ Low 43 Low
23 Vulnerability E £ Vulnerability
= B
L . i .
g High R High
gi Vulnerability A 2 Vulnerability
=
> >
LOW HIGH LOW HIGH
Poverty Fisk Disaster Risk
Evictinn Risk Epidemir Risk
4 SDG Achievement
4 = High 5DG
= Atminment
E-ﬁ Capability
F E Low 5D
g . Attainrnent
S g Capahility
Low HIGH

Dis s er Resilience
Foverty Eradication Capability
Epide mic Defence S trategies

Source: Authors elaboration

It is impossible to reduce or prevent natural disasters in informal settlements, but
the impact of such disasters can be reduced (Tas et al, 2013) such that communities
are less vulnerable to risk. This is achieved through disaster risk planning and decision
making which requires land information from cadastres (Unger et al, 2019). This greatly
enhances the disaster resilience of the communities and the municipalities (Rajabifard
et al, 2018; Kurwakumire et al, 2018). In figure 12, land tenure security and disaster
resilience influence the achievement of the SDGs. The combination of low risk in poverty
and eviction coupled with registered land rights translates to low vulnerability to risk by
the community. Communities with available disaster information can lower disaster and
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epidemic risks due to their ability to plan around risk mitigation strategies hence
improving their community resilience. The use of spatial data for disaster resilience,
designing poverty eradication capabilities and epidemic defense strategies enhances
the achievement of the sustainable development goals.

The expansion of the model in figure 7 provides a more detailed view of the social
tenure situation and how it can be mapped. The detailed models depicts the complex
nature of land tenure systems and hence land administration systems. This view
provides the different tenure arrangements (see figure 10) prevalent on the ground in
informal settlements and the disaster vulnerabilities faced by inhabitants. It provides a
basis to record adequate land information to support disaster planning and
management.

While family land described in (Griffith-Charles, 2011) relates to customary
tenure, it still lies on the informal rights sections of the continuum of rights models
discussed in (Whittal, 2014) in a similar manner to informal settlement land rights. Family
land is more formal and recognised by authorities unlike informal settlements. There are
thus similarities in the manner in which land information can be recorded as
demonstrated in figures 8 to 10. Both family land and informal settlements can use
general rather than fixed boundaries extracted from satellite imagery as a low cost
boundary determination approach as recommended in (Kurwakumire and Chaminama,
2012). Present day, it is easier to carry out a drone survey and use the imagery for
boundary mapping for the spatial unit (Figure 10) and mapping of individual structures
for the building unit. Of interest is the point parcel represented by the centroid coordinate
as it provides a geographical address and is used for network analysis which is useful
in emergencies when disasters strike.

8. CONCLUSIONS

The aim of this study was to design conceptual models for the development of an
informal cadastre that documents land information in informal settlements. This
procedure was broken down into boundary determination and mapping and UML
modelling. Boundaries where extracted from google earth imagery using AutoCAD
software and the cadastral layer with parcel numbering and centroid coordinates
generated. The land tenure arrangements in informal settlements where successfully
modelled using unified modelling language (UML) resulting in the Informal Settlement
Spatial Unit, Informal Settlement Party and Social Tenure Relationship classes. Disaster
risk information was integrated into the Informal Settlement Spatial Unit class as
disasters occur or impact on the land object. Parties or people are affected by these
disasters because they dwell on the spatial units. It is recommended to integrate the
class diagrams provided in this study with municipal bylaws into a more comprehensive
conceptual model. This conceptual model can then be operationalised through the
development of a database that can be applied for recording land information and
disaster risk planning in informal settlements. This study demonstrated that the social
tenure domain model can be applied in modelling land rights in informal settlements
based on a pro-poor land administration approach through inexpensive boundary survey
mapping. Mapping informal tenure rights and disaster risk information is a starting point
for building community resilience. With this information disaster management can be
effectively executed thus minimising risk in communities. Minimising risks translate
positively towards attainment of SDGs 1 and 3 as these are linked to land information
availability and the level of resilience to disasters by these communities. Land
information is key to the development of strategies supporting disaster resilience,
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poverty eradication and improvement of community health systems. The cadastre
provides consistent spatial data for targeting interventions towards achievement of the
sustainable development goals.
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