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Abstract

Slums are basically recognized as a multi-causality phenomenon which is rapidly growing worldwide. While the contribution of social and
ecological factors is separately well understood, the interplay of interconnected socio-ecological systems in slums, such as urban heat
islands, is insufficiently addressed in research. This study identifies the most important socio-ecological research areas applicable in
analyzing slum settlements by using a narrative literature review method. This type of review was applied to clarify an overview of
knowledge regarding the linkage between socio-ecological perspectives and informal settlements. Further, it advances the definition and
the reasons behind slum shaping. The results of this study show that there are particularly three main research areas including: urban
sustainability and metabolism, climate change, and ecosystem services for slum analysis in the literature. Exploring the gaps through a slum
socio-ecological research framework paves the way for studying further research. We also highlighted the need for analyzing energy
efficiency and flows, application of renewable energies, drought dynamics, biodiversity services and urban heat islands more than other
possible subjects for future directions in slum socio-ecological research.
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1. Introduction

The global population of slum dwellers is estimated in
about 1 billion which this number is approximately grown
every week (Butera et al. 2019; Niva et al. 2019).
Unfortunately, informal settlement is one of the
substantial phenomena accompanying the accelerated
urbanization process worldwide (Khalifa 2015, P.Amado
et al. 2016). People in these regions are facing some
complicated urban problems such as health, energy, water
and sanitation which are basically categorized a subset of
coupled natural and human systems’ components. While
the literature highlights how social factors, ecological
conditions and informal communities are correlated, it has
not yet shown, in an integrated framework, the status quo
behind these relationships.

We use the term “socio-ecological research” according to
Liu et al. (2007) to refer to research that focuses on
various aspects of coupled socio-ecological systems.
While research on the socio-ecological systems (SES) has
frequently emerged in the international peer-reviewed
journals, such studies are rarely underlined in studying
different factors of SESs in informal settlements cases and
we do not have a general overview about what has been
done and what is needed for future study. While slums
have been widely studied within legal, political,
anthropological, socio-spatial, agro-ecological, physical,
health, formal and economic frameworks, the
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characteristics of interconnected social and ecological
systems in these settlements have not been sufficiently
marked in the literature (Mehretu et al. 2000, Dunne
2005, Dovey & King 2011, McFarlane 2012, Von Braun
& Gatzweiler 2013, Husmann 2016, Adegun 2017,
Lindley et al. 2018). Some researchers have pointed out
the social and ecological aspects of informal settlements
independently (Fernandes 2004, Roy 2004, Shatkin 2004)
which cannot provide comprehensive frameworks to
analyze the complex human-environment relationships in
these communities. To be more specific, the present
status of socio-ecological research in the informal
settlements discourse may not be whole and there is not a
typology of various research regarding the aim of
understanding range of subjects in this area (Miranda et
al. 2016, Kovacic et al. 2016, Kovacic & Giampietro
2016, Smit et al. 2017).

This research aims to investigate linkages between socio-
ecological systems and marginality. This study, therefore,
is not only the first to apply the concept of socio-
ecological systems on the informality y theme but by
using a narrative literature review of different sources, it
is also unique in providing a comprehensive review about
the nature of marginality and informality from the
interconnected socio-ecological perspective. Analyzing
peer-reviewed articles and other scientific sources, we
show what areas and analytical approaches of socio-
ecological systems are more investigated to better
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understand informal settlements. Conceptualizing the
linkage between socio-ecological systems’ approaches
and slums upgrading help urban planners, designers and
geographers figure out potential inquiries, concepts,
frameworks and analysis about better utilizing and
planning informal settlements for the future.

2. Materials and Methods
2.1. Literature review

The methodology followed for this research includes a
narrative literature review. This study is not a systematic
review but attempts to incorporate the major references
regarding the relationships between socio-ecological
systems and slum or informal settlement concepts. It is
intended to describe how different concepts and
approaches of socio-ecological systems could be helpful
in analyzing the main issues of informal settlements
planning. Bridging this gap help clarify applicable
knowledge and methodologies and draws promising
pathways to slum upgrading and planning. We synthesize
salient literature by searching electronic databases
including Google Scholar, Web of Science and Scopus on
“socio-ecological systems” factors and how these factors
are related to “informal settlements” or “slum
settlements™ planning and upgrading.

This type of review helps us reach an overview of
knowledge (Green et al. 2006). We also used snowballing
technique for gathering all possible relevant literature
which are not explicitly found in our search. Total 53
publications were selected primarily and then they were
investigated to recognize the main theoretical approaches
of our topic and those focusing on specific study areas,
narrowly separated social or environmental aspects (e.g.,
the technical characteristics of sanitation system of
specific cases), or on socio-ecological policies and
management rather than on components identification and
analysis, were excluded. Of these articles a total number
of 30 articles were selected for further review due to their
applicability in our discussion. The potential linkages
between different aspects of socio-ecological systems and
slums have been mentioned in these selected articles.
Specifically, we reviewed literature from the following
perspectives: (1) definitions of informality/marginality
and reasons behind shaping them, and (2) the variety of
theoretical approaches and attributes used to describe the
informal settlements’ socio-ecological systems. During
the second phase, all of the socio-ecological systems’
components in informal settlements have been described
in proposed categories.

2.2. Urban informality and slums; a review of definitions
and characteristics

Informality, firmly identified as a substantial issue faced
by cities and poor urban dwellers, has been a considerable
debate in  most fast-growing contemporary  cities
worldwide. many literatures define the concept of
marginality and informality through some characteristics
i.e. belongings of specific class, poverty, color, culture,
religion, and spatial disparity (Atkinson 2000, Smit et al.

2017, Zahra et al. 2017). Marginality is usually described
by means of negative characteristics such as social
exclusion, rooflessness, social and environmental
injustice, ethnical or racial discrimination, or illegality
(Goodhand 2003, Gurung & Kollmair 2005, Mehretu et
al. 2000). Urban informal dwellers have little or no access
to resources and opportunities, adequate and durable
housing, education, secure tenure, safe water and
sanitation, drainage systems, meaningful employment,
spatial advantage , freedom of choices, social cohesion,
high level of infrastructure, and the development of
personal capabilities (UN-Habitat 2010, Smit et al. 2017,
Zahra et al. 2017, Von Braun & Gatzweiler 2013, Pandey
et al. 2018, Zehra et al. 2019, Lombard 2014, Kennett &
Mizuuchi 2010). Moreover, Williams et al (2019) stated
that insecure employment and unemployment, poverty,
the lack of alternate housing opportunities, social and
economic exclusion, and the need to be located close to
urban resources and opportunities, are the main causes of
slum shaping.

Urban informality is described in different terms such as
informal urban settlement, illegal settlement, squatter
settlement, and slums (Inam 2015, Soyinka & Siu 2018,
Z. Kovacic et al. 2019); however, all of these settlements
lack of three required columns of sustainability (B.W.
Wekesa et al. 2011, Soyinka & Siu 2018). As previously
indicated, the aim of this paper is not to clarify the
differences between these terms or assessing the various
indicators of urban sustainability. There is a considerable
body of literature regarding the evaluation of different
elements of urban sustainability in slums of diverse
contexts including: health assessment, sanitation,
displacement, electricity, water services, hazard and so on
(A. Chakraborty et al. 2015, Uddin 2018); however, there
is a need for monitoring the detrimental impacts of illegal
actions on environmental conditions in informal
settlements. For example, the significant impacts of
overfishing to illegally provide food for the urban poor
on the degradation of marine ecosystems in different
socio-cultural contexts must be evaluated.

To this end, while several factors have been recognized in
the literature as causatives of slums shaping from
different  perspectives, the conceptualization  of
informality from a socio-ecological system approach is
not sufficient. Population growth and rapid migration
from rural to urban areas (B.W. Wekesa et al. 2011, Niva
et al. 2019; ), the high cost of land possession in the urban
centers (Srinivas 1994, B.W. Wekesa et al. 2011), poor
building standards, technologies and rules (B.W. Wekesa
et al. 2011, Potsiou 2014), the lack of funds to provide the
basic community services and infrastructure (UN-Habitat
2006), the ignorance of national rules about the basic
needs of the urban poor (B.W. Wekesa et al. 2011),
natural disasters (earthquakes, flooding, etc.) and climate
change (Potsiou 2014, Amado et al. 2016), are some of
the major causes behind informal settlements’ growth.
Broadly speaking, there is a need for research about
coupled human-environment systems as suggested above
to conceptualize slum’s characteristics (Table 1).
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Table 1

The main social, ecological, economic, and physical characteristics of slums

Perspective Characteristics

Notable literature

Social Social exclusion, ethnical or racial discrimination

Gurung & Kollmair 2005, Mehretu et al. 2000

Ecological
of drainage systems, ecosystem loss

Environmental injustice, unsafe water and sanitation, lack Goodhand 2003, Pandey et al. 2018, Zehra et al.

2019, Lombard 2014, Kennett & Mizuuchi 2010,
Smit et al. 2017, Zahra et al. 2017

Economic Unemployment, poverty, economic exclusion

Wekesa et al. 2011, Williams et al. 2019

Physical Spatial disparity, inadequate and endurable housing, low
level of infrastructure, poor building standards

Atkinson 2000, Smit et al. 2017, Zahra et al. 2017,
Pandey et al. 2018, Zehra et al. 2019, Lombard
2014, Kennett & Mizuuchi 2010, B.W. Wekesa et al.
2011, Potsiou 2014

2.3. Connections between socio-ecological systems and
slums

As  previously indicated, marginality is a
multidimensional term that includes interconnected social,
legal, political, economic, physical, biophysical, and
ecological systems. Doubtless, the social dimension of
informal settlements has been frequently studied in
previous research. Residents in these communities
generally have their own social behaviors and norms
which are not aligned with other relations in formal
settlements and sometimes are so complicated to be
realized by investigators. Understanding the social
relations and everyday life in slums can provide local
knowledge about their attitudes toward the environment.
On the other hand, as Husmann (2016) and Adegun
(2017) state the majority of features related to slums and
informal settlements do not include the ecological or
biophysical domain. The insecure and low living
standards of slum dwellers prevent them to shape a safe
environment and therefore environmental issues
specifically ecological disfunction in the face of extreme
weather events arise (Niva et al. 2019). As Gatzweiler et
al (2011) assume the urban marginality often is associated
with the lack of appropriate location for people who
illegally seize public or private lands. For instance, they
must directly gather water from a well or a river because a
lack of access to a safe water source or adequate durable
housing material forces them to the destruction of nature
and the ecosystem. The poorer people there are, the more
pressures there are on limited environmental resources. In
light of the lack of secure sanitary systems in poor
communities, critical water resources such as rivers can
rapidly become polluted. Solid household waste is also a
major issue in informal communities from the a socio-
ecological point of view. Municipal garbage collection
does not service to slum settlements which in turn results
in an enormous amount of trashes which can contaminate
the environment and locate perilous disease vectors.
Routinely, the informal dwellers choose invisible or non-
ownership lands for their housing which are often marked
by the absence of secure land tenure and urban planning
regulations, lowest environmental quality and hazardous
landscapes, such as wastelands, steep hillsides, railway
setbacks, floodplains, dump sites, and lack security of

tenure which are at a high risk from extreme weather
events (Baker 2012, Chatterjee 2010, Douglas et al. 2008,
B.W. Wekesa et al. 2011, Niva et al. 2019, Diep et al.
2019). Studying marginal sites needs to be taken into
account through socio-ecological perspective because the
households of these communities want to rely on illegal
usage of urban infrastructures and facilities such as urban
canals or rivers for drinking, cooking and washing. They
use waste disposal because of their non-civil behaviors
and norms in one hand and the lack of safe water supply
systems on the other hand which results in deterioration of
human and environmental conditions. Douglas (2012) and
Joan et al (2010) report how poor sanitation, open
wastewater drainage and unsafe garbage disposal spread
transmissible diseases among low-income dwellers. “This
leads to a collapse in livability of the urban poor” (Roy et
al. 2018: 3).

In terms of health-related issues regarding slums, the data
revealed that a socio-ecological degradation causes
detrimental effects as the development and spread of new
diseases, hunger and insecure food production. Infectious
diseases such as tuberculosis, hepatitis, cholera and
malaria which commonly occur in urban poor areas, for
instance, are derived from poor socio-environmental
conditions such as lack of access to safe water and food
and poor sanitation which are typical in slums. Unplanned
urban development exacerbates non-communicable
diseases risks related to outdoor and indoor air pollution
(WHO 2019, J. du Toit et al. 2018, Alcayna-Stevens
2015). Besides the previously-mentioned facts, drug
addiction and criminal activities as societal problems in
slums are considered as main roots of spreading
dangerous infectious diseases such as HIV. The slum
dwellers do everything for their survival and these actions
lead their communities to be less vulnerable in the face of
extreme weather events.

Accordingly, the vulnerability of informal settlements to
the natural hazards such as flooding is so low (Gtizey
2016). The location of informal settlements on floodplains
and steep hillsides, and their lack of insecure waste and
drainage systems associated with the low quality of road
pavements exacerbate the negative impacts of flooding on
the urban poor. In this respect, a wide variety of social,
environmental, economic and physical are imaginable if
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flood occurs (Williams et al. 2019). Additionally,
informal dwellers are typically deprived from access to
formal risk reduction mechanisms which occur in formal
cities (Christoplos et al. 2009) due to their illegal
possession of the land. Since environmental status of
slums are directly or indirectly rooted in societal issues
such as population growth, household characteristics and
social behaviors, opting for socio-ecological system
approach for analyzing complex human-environmental
issues is more lucrative than separately social or
ecological analysis (M. Gotts et al. 2018).

A growing body of literature argues that tackling complex
real-life issues in slum settlements often require a holistic
approach to the interconnected socio-economic-ecological
factors (Chatterjee 2010, Agrawal 2010, UN Habitat
2016, Minnery et al. 2013, Smit et al. 2017). Accroding to
Niva et al. (2019) socio-ecological systems (SES) can
provide a multi-dimensional approach to analysis
different components of complex human-environmental
systems. A social-ecological system can be defined as ‘a
system where social and ecological systems are mutually
dependent’ (Fidel et al. 2014). As Rubio Scarano (2017)

states both natural system and social system are directly
or indirectly interconnected and help each other to be
more efficient. “According to SES, urban areas emerge
from the interaction between socio-economic-technical
and ecological subsystems, and metabolism of resources,
energy, policies and institutions” (Niva et al. 2019: 3).
The concept of socio-ecological systems can be accurately
used to explore the connections between the social and
environmental systems in informal settlements. For
example, in “Climate Change Vulnerability and
Adaptation in Metro Manila,” Emma Porio connects
social vulnerabilities to environmental degradation factors
in Metro Manila as a slum (Gray and Ocampo 2017).
Moreover, as M. Gotts et al. (2018) state, the feedback
loops between which can crystalize the dynamics of
human-environmental complex systems are crucial to
understand the nature of informal settlements in face of
extreme weather events such as climate change, drought,
ecosystem disservices. Therefore, considering marginality
in SES needs to be taken into account through concepts of
resilience and adaptability (D. Callo-Concha et al. 2014).

Urban Sustainability &
Metabolic Analysis

- Energy efficiency

- Water services

- Sanitation

- Waste disposal

- Materials flow

- Electricity and gas security
- Household characteristics

Ecosystem Services Analysis

- Green infrastructures

- Green Spaces

- Water management

- Food production

- Recreational activities
- Renewable energies

- Air quality regulation

- Vulnerability

- Resilience

- Adaptive capacity
- Urban flooding

- Disaster risk

- Urban heat island

Climate Change Analysis

Fig.1. Slum socio-ecological research areas framework

To this end, research on marginality in the context of

ecosystem services and climate

socio-ecological systems can be overlay categorized in
some theoretical and analytical approaches that have been
mostly emerged in the literature. The connection between
informal settlements and socio-ecological systems reveals
prospects for urban sustainability and metabolism,
ecosystem services and climate change analysis as it is
shown in figure 1 (Figure 1). The review analyzed 15, 13,
and 12 articles in each three categories of the research
including urban sustainability and metabolic analysis,

respectively.

3. Analysis of socio-ecological research in slum
settlements
3.1. Urban sustainability and metabolic analysis of slums

The process of analysis of material and energy flow and
consumption in urban ecosystems which is recognized as
urban metabolism, is used as one of the related topics in
socio-ecological system research (Frank et al. 2017). As
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Roy et sl. (2014) state the urban metabolism is a
multiscalar mechanism that help us perceive the growth
and emergence of informal settlements through analysis
of urban flows. To our knowledge, Although some
authors such as Guibrunet and Castan Broto (2015) point
to the need for applying urban metabolism to informal
settlements, metabolic analysis in slums are limited and
available for instance in the fields of waste flows
(Guibrunet et al., 2016) waste-to-energy (Demaria and
Schindler 2016, Butera et al. 2019), water flows (Attia
and Khalil, 2015), energy flows and policies (Godshalk &
Zencey 2014, Kovacic et al. 2016), food production and
flow (Mollat 2014) and money flows (Smit et al. 2017;
Miranda et al. 2016) (Table 2)

Some research studies use the concept of societal
metabolism for analyzing metabolic patterns of informal
settlements which is partially identical to the analysis of
socio-ecological systems’ flows in informal settlements
(Kovacic et al. 2019, Attia & Khalil 2015). The majority
of these literatures consider societal metabolism as the
rationale behind the multiscalar integrated assessment of
the societal and ecosystem metabolism (MuSIASEM)
approach (Robinson et al., 2013, Guibrunet & Castan
Broto 2015, Kovacic and Giampietro 2016, Miranda et al.
2015, Smit et al. 2017, Kovacic et al. 2016). Of all
different methods used for urban metabolism assessment,
the MUSIASEM approach is assumed most helpfu | in
examining the dynamics of slum development in terms of
energy and material flow (Smit et al. 2017, Royden-
Turner 2012). Although societal metabolism approach is
unable to capture both informal and formal drivers of
informal settlement such as political, social, cultural and
economic towards their urban development, it enables an
analysis of socioeconomic and socio-ecological factors
related to water, energy, waste, food and money flows in
cities (Makinde 2018, Smit et al. 2017). In other words,
“the notion of societal metabolism is described as
analyzing the ‘metabolism of human society’ through a
characterization of the processes that a society employs to
transform energy and material to ensure its continued
existence” (Smit et al. 2017: 107).

Furthermore, in light of the interconnection between
urban sustainability and metabolism analysis, we found
some literature relating to analyze metabolism patterns of

slums from the urban sustainability point of view (Degert
et al. 2016, Montoya et al. 2019). For instance,
“sustainability adopts the metaphor of metabolism; a city
can be defined as becoming more sustainable if it is
reducing its resource inputs (land, energy, water, and
materials) and waste outputs (air, liquid, and solid waste)”
(Uddin 2018: 2). Accordingly, they assess sustainability
indicators in Chittagong city, a slum in Bangladesh.
Similarly, Montoya et al (2019) assess sustainability
indicators in two informal communities in Latin American
cities. Teferi and Newman (2017) apply sustainability
assessment in slum settlements of Addis Ababa through
integrating the extended urban metabolism model
(according to Newman’s (1999) model) including
indicators of land, water, food, energy, building materials,
solid waste, liquid waste, sewerage, air pollutants,
greenhouse, gas waste, health, employment, income,
education, housing, leisure accessibilities and urban
design quality and sustainable development goals (SDGS).
Sanitary services are considered as a significant indicator
of a sustainability of the informal residents. According to
UN-Habitat (2003), improves sanitation is defined as a
form of private toilets or public toilets which are available
for slum’s households (UN-Habitat 2003). Analyzing
sanitation systems in slums through a combined socio-
ecological approach to support sustainability has been
mentioned by some authors (Zehra et al. 2019, Kayaga et
al. 2015).

Energy flows and consumption are amongst growing
challenges in slums. Some studies indicate the lack of
access to modern and clean form of energy which has
been provided as an essential characteristic condition for
defining or measuring slums. Energy used in urban
informal settlements is generally low-grade fuels, which
are normally less affordable (Karekezi & Majoro 2002).
This happens because slum dwellers as low-income
people, spend approximately one-third of their income on
energy (UN-Habitat 2014). The low-grade fuels, such as
kerosene and biomass, are the most popular sources of
air-pollution and health-related problems in such
households. Makinde (2018) indicates that the
MuSIASEM approach is a lucrative framework for assess
the energy metabolism of urban slums.

Table 2

The most applicable urban sustainability and metabolic themes and approaches for slum analysis in the literature
Themes Notable literature

Waste flows Guibrunet et al. 2016,

Waste-to-energy

Demaria and Schindler 2016, Butera et al. 2019

Water flows

Attia and Khalil, 2015

Energy flows and policies

Godshalk & Zencey 2014, Kovacic et al. 2016

Food production and flow

Mollat 2014

Money flows

Smit et al. 2017; Miranda et al. 2016

Sanitary services

UN-Habitat 2003, Zehra et al. 2019, Kayaga et al. 2015

MUuSIASEM approach

Makinde 2018, Smit et al. 2017, Royden-Turner 2012
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3.2. Addressing ecosystems services in slums

Human beings are both part of and benefit from
ecosystem services. The concept of ecosystems services
can be appropriately applied in characterizing the socio-
ecological system (J.J. Waters 2013). According to J. von
Braun and F.W. Gatzweiler (2013), the vulnerability of
poor people in slums are more than other formal
communities to the loss of ecosystem functions due to
their limited access to natural resources and services.
Adegun (2017) and du Toit et al (2018) suggest different
ecosystems services in informal settlements, including:
provisioning (e.g. food and water), regulatory (e.g. water
management, moderating micro-climate, shade, carbon
storage, erosion prevention, pollination, noise reduction,
sediment trapping, retention of nutrients, watershed
protection and air quality regulation), socio-cultural (e.g.
aesthetics, recreation, religious fulfillment , educational,
relieves stress, sense of place, heritage and hunting), and
supporting (e.g. soil formation, critical infiltration,
habitat, Maintenance of functional diversity and
groundwater recharge). Informal dwellers take great
advantages from ecosystem services due to their direct
relationships with nature; however, their overusing or
misusing the natural resources causes some cascading
effects for environment (Table 3).

Doubtless, provisioning ecosystem services plays an
important role in the livability of slum dwellers (Adegun
2017, Sukhdev 2009, Shackleton et al. 2014). The
provisioning ecosystem services provide considerable
benefits mostly to the survival of many of the poorest
households. According to Du Toit et al. (2018), gathering
of medicinal plants, crop cultivation for food, fuelwood ,
utilization for building materials, wild food, livestock
grazing and fodder, fresh water from a natural source,
harvesting e.g., papyrus, fish farming, hunting, wood
tools, brushes, fiber and hedge have been recognized as
some of the most important provisioning services in slums
of Africa where the number of slums is rapidly growing.
Regarding socio-cultural benefits, wetlands, lakes,

mountains and some other natural environments are
identified as major places for holding religious/cultural
ceremonies in slums (Negrada et al. 2013). Moreover,
water provision is one of the most important examples of
provisioning services in informal settlements. In light of
the lack of insecure water supply system in informal
settlements, residents depend on ground/surface water
sources such as streams and wetlands (Vollmer and Gret-
Regamey 2013). These sources supply unsafe water for
drinking, cooking, bathing and laundry which are
sometimes called as ‘informal water supply’ in literature
(see e.g. Drechsel et al. 2006).

Furthermore, some recent literature relating to the linkage
between ecosystems services and informal settlements
have been published about the role of green
infrastructures in slums (Adegun 2017, Diep et al. 2019,
Douglas 2016, Lindley et al. 2018, Herslund et al. 2017,
Roy et al. 2018). Other studies indicate green spaces
(Cilliers et al. 2013), water supply management (Phukan
2014, Ochieng et al. 2011, Parikh et al. 2012, VVollmer and
Gret-Regamey 2013) and urban agriculture (Webb 2011,
Prain & Lee-Smith 2010, Adegun 2017) as main
ecosystems services in informal communities. People who
reside in informal settlements benefit more from
ecosystem services specifically green infrastructures
which regulate the natural environment (Adegun 2017).
For instance, they mostly use the shade of trees to live at
the hottest times of the year. Moreover, slum dwellers are
inclined to use green and open spaces as most well-known
and accessible ecosystem services for social interaction,
recreational, educational and cognitive development aims
(Dubbeling et al. 2009). In addition, urban agriculture as a
new emerging field in cities has the strong potential to
help poor people produce and consume costly food
(Pingali et al. 2013). For instance, M. Gallaher et al
(2013) suggest sack gardening as a form of urban
agriculture in the Kibera slums of Nairobi, Kenya. They
state that this form of agriculture has a positive impact on
household food security and increase social capital.

Table 3

The most applicable ecosystem services themes and approaches for slum analysis in the literature

Ecosystem services Themes Notable literature

Provisioning - Gathering of medicinal plants Du Toit et al. 2018, Vollmer and Gret-Regamey 2013,
- Crop cultivation for food Sukhdev 2009, Shackleton et al. 2014, Negrada et al.
- Fuel wood 2013, Drechsel et al. 2006, Webb 2011, Prain & Lee-
- Utilization for building materials Smith 2010, Pingali et al. 2013
- Wild food

- Livestock grazing and fodder freshwater -

Harvesting papyrus
- Fish farming
- Hunting

- Wood tools, brushes, fiber and hedge
- Water provision from ground sources

Socio-cultural
resources

- Religious/cultural ceremonies at natural

Demaria and Schindler 2016, Butera et al. 2019, Adegun
2017, Dubbeling et al. 2009

- Social and recreational benefits from green

spaces

Regulatory - Trees shading

3.3. Climate change analysis in slums
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Generally, informal settlements and extreme weather
events are mutually dependent. These settlements are the
most vulnerable type of human settlements to climate
change due to their hazardous locations (Revi 2008,
Khalil et al. 2018). The impacts of climatic hazards on
slum communities are influenced by multiscaled
historical, social, economic, environmental, and political
factors (Ajibade and Mcbean 2014: 84). As evident in
literature, this connection occurs in two main ways.
Vulnerability analysis is one, while resilience and
adaptive capacity monitoring is the second form of
linkage (Table 4).

The link between slums and vulnerability to climate
change impacts includes flooding which has been
acknowledged more than other extreme weather events
such as droughts and wind in the literature (Bouchard et
al. 2007, Sakijege et al. 2012, Douglas et al. 2008,
Adelekan 2010, Satterthwaite 2013, Zehra et al. 2019)
mainly  because these settlements lack regular
development and planning and have high density which in
turn can exacerbate flood risk for their residents. As
Grahn & Nyberg (2017) and Zehra et al (2019) state,
urban informal settlements are more wvulnerable to
flooding according to the high population densities,
located in flood risk zones near-natural drainage paths
and riverine, and limited coverage of drainage
infrastructure.

Community-driven research has been featured in a
number of literatures specifically in flood management of
informal settlements (Mulligan et al., 2016; Dobson,
2017). The main benefit of this approach is increasing
social resilience of slum dwellers through including
public opinion and local knowledge in climate-related
issues (Christoplos et al. 2009, Elias 2011) and can be
considered as an integral part of socio-ecological systems
analysis in urban poor communities. According to
Mensah Darkwabh et al (2018), poor residents’ experiences
and responses to extreme weather events can mitigate
some detrimental effects of climate change through
producing informal urban spaces which sometimes leads
to the destruction of nature. Dobson (2017) suggests six
community-driven strategies, including: self-build slum
upgrading, clean energy distribution, peer-to-peer
exchange, slum mapping, engaging local government and
situ upgrading for implementing flood resilience in slums
specifically South Africa.

As megacities, like Tehran, the capital of Iran continues to
grow often through rapid unplanned urbanization or slums
(Madanipour, 2006), populations are increasingly
concentrated in climate change-affected hazardous spaces.
As previously mentioned, the people's responses to their
environments will ultimately influence their vulnerability
to natural disasters. Through an analysis of vulnerability
in informal settlement of Kenya, Williams et al. (2019)
use system dynamics and participatory mapping to
understand the complexity of a socio-ecological system
constructed in relation to a natural hazard in informal

settlements. Pandey et al. (2018) investigated the
household vulnerability and proposed adaptive strategies
for urban slum dwellers in Dehradun, Indian Himalayas.
Furthermore, Alcayna-Stevens (2015) applied the
conceptual vulnerability framework developed by the
Research and Assessment Systems for Sustainability
Program suggested by Turner et al (2003) to the slum
setting of Manila to characterize of “slum socio-
ecology”. In this study, the dynamics of coupled human-
environment systems is linked with the interactions of
climate-change related hazards.

Vulnerability and disaster risk are interconnected terms
which are assessed for reducing disaster consequences.
Generally, there is limited literature in hazard risk
management in informal settlements (Abunyewah et al.
2018). Specific socio-economic-ecological characteristics
of informal settlements are the main causes of increasing
vulnerability to natural hazards. Slums are complex
settlements where include heterogeneous socio-cultural
groups from various contexts and backgrounds. People
who reside in informal settlements generally come from
various cultures and background but similar economic
status. Their weak capabilities for harnessing appropriate
strategies for hazard risk reduction can lead to increase
disaster risks. A study by Abunyewah et al. (2018)
suggested three theoretical prepositions for
simultaneously analysis of hazard risks, vulnerability and
informal settlements including: the linkage between
population density and hazard vulnerability, th importance
of Vulnerability reduction policies and strategies for
building resilience and the impacts of communicating
existing social structures on disaster risk; however, there
is a need for systematic approach to explore those
characteristics which have the highest impacts on disaster
risk analysis and vulnerability in slums.

The second form of connection between informal
settlements and climate change literature is placed on
resilience monitoring and analysis. Resilience in poor
urban areas such as slums will be made up of both social
and ecological components (J.J. Waters, 2013). In a slum
context the concept of resilience emphasizes the need to
understand informal settlement dynamics within the
context of the wider urban fabric and in the extended
timeframe of urban transition. Recently, the concept of
resilience has been indicated to reduce the vulnerabilities
of marginalized communities (Woolf et al. 2016). D.
Callo-Concha et al. (2014) suggest a new framework for
resilience analysis in slums from SES point of view. In
this regard, marginal systems will be the most vulnerable
due to their lower adaptive capacity (Bele, Sonwa, &
Tiani 2014). “Adaptive capacity for marginalized groups
is largely determined by household-level resources and
decision-making capacity” (Pandey et al. 2018: 379). A
study by Heltberg et al. (2009) revealed some adaptation
strategies to mitigate vulnerability through enhancing
public’s ability to deal with extreme weather events’
impacts.
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Table 4

The most applicable climate change themes and approaches for slum analysis in the literature

Themes

Notable literature

Flood vulnerability
Community-driven research
Hazard risk management
Resilience and adaptive capacity

Bouchard et al. 2007, Sakijege et al. 2012, Douglas et al.
2008, Adelekan 2010, Satterthwaite 2013, Zehra et al.
2019, Abunyewah et al. 2018, Bele, Sonwa, & Tiani
2014, Woolf et al. 2016, J.J. Waters, 2013, Pandey et al.
2018, Alcayna-Stevens 2015

3.4. Future directions

With comparison between selected socio-ecological
themes featured in the literature for analyzing slums (table
1) and slum socio-ecological research areas framework
(Figure 1), we can conclude some research gaps for
further studies which are not fully covered in literature.
Firstly, we strongly need to assess urban heat island
(UHI) in slum settlements due to some illegal activities of
residents (Khalil et al. 2018). Understanding the link
between UHI and socio-ecological systems’ components
such as green spaces or sanitary services can be useful to
analysis UHI effect in such a community.

Another gap which is shown, is a need to investigate
potential application of renewable energies to produce
durable power in informal settlements which has not been
clearly conceptualized (Smit et al. 2019). Electricity and
gas security as vital indicators of sustainability in
disadvantaged communities need to be taken into account
by means of clean low-cost energies. Although a number
of literatures have indicated the low standards of housing
in slums Regarding energy consumption, there is limited
understanding and analyzing energy efficiency and flows
of low-quality housing in slums (Muringathuparambil et
al. 2017) due to this fact that overusing of energy is one of
the most important impacts of illegal constructions. On
the other hand, this is also important to know about
energy flows in slums because in some cases, slum’s
residents have built their shelters by wood or mulch which

Table 5

exhibits normal thermal and energy performance. In this
regard, building technology solutions for efficient
utilization of energy for slum dwellers should be
investigated (Wekesa et al. 2011). In addition, clean
energy application for improving the living conditions in
slums is a crucial action that can play a fundamental role
in achieving sustainable goals which has not been
properly investigated by the literature.

Moreover, there is limited literature about analyzing those
socio-economic features of informal households which
cause drought in informal settlements from coupled
human-environmental system approach. For example,
digging deep wells aiming at the illegal exploitation of
groundwater resources is a common action in the majority
of slums which in turn cause environmental degradation
such as drought especially in hot-arid climates. The last
but not least, there is need to study about biodiversity
characteristics in slums. The awareness of slum dwellers
about the importance of biodiversity is highly crucial
because plant and animal species can provide crucial
services as shading, medical or food. A study of
biodiversity services to slum dwellers’ socio-cultural
aspects will enhance understanding the potentials of such
services which in turn may offer solutions for people and
experts to make right decisions of improving socio-
ecological systems’ conditions. similar research can also
suggest solutions for reducing environmental degradation.

Most featured socio-ecological themes and components in the literature and proposed for analyzing slums

Socio-ecological research themes

Components in the literature

Urban sustainability and metabolism

waste flows, waste-to-energy, waste disposal, water flows, quality of

life, energy flows, energy policies, sanitary services

Ecosystem services

green infrastructure, green spaces, water supply, urban agriculture,

fuel wood, medicinal plants, crop cultivation, wild food, fish
farming, hunting, irrigation

Climate change

flood resilience, disaster risk, air pollution

4. Conclusion

This paper sought to further our knowledge of the
research areas in informal settlements from the socio-
ecological point of view. The findings from this study
build upon the literature of slums and socio-ecological
systems indicate that urban sustainability and metabolism,
ecosystem services and climate change are the main
research areas that have been mostly investigated in this

view. The review further showed that, while current
literature exists on distinct aspects of social and
ecological research in informal settlements, the integrated
socio-ecological research of such communities has not
been studied sufficiently and as Callo-Concha et al.
(2014) suggest, there is a need to pay attention to the all-
interlinked components of the SES instead of
concentrating on a single component. The majority of
authors have highlighted the importance of environmental


https://www.sciencedirect.com/science/article/pii/S1877705818300407#!

Linking Urban Marginality and Socio-Ecological...

Sina Razzaghi-Asl

systems such as water, energy or food supply in slums and
have not clarified the social behaviors and rationales
behind these phenomena. It appears that knowledge about
the life regulation, everyday life, living standards or even
slum residents’ psychological status which some scholars
have described as “socio-cognitive” factors is scanty (J.J.
Waters 2013, Adegun 2017, Graham & Ernstson 2012).
Effective researches need to incorporate both social and
ecological aspects of informal settlements in different
international contexts to help recognize complex socio-
ecological systems. It should be emphasized that there is a
need to analyze the interactions between three research
areas’ components in this paper. Ecosystem services must
be accompanied by climate change monitoring and
materials flow for conserving biodiversity in slums. To be
more specific, the application of ecosystems services for
increasing resilience in marginalized communities is
noticeable or the exploration of the potential green
infrastructure  services for conceptualizing urban
agriculture in slums may be useful. Current environmental
problems such as land degradation in slums require the
monitoring of residents’ individual or collective actions
such as deforestation. Such actions should be assessed
through an interconnected analysis of climate change,
metabolic and ecosystem services areas. In other words,
all human action in slums that might be harmful to the
environment should be monitored and analyzed by using
different aspects of the above three themes to achieve
sustainable and resilient solutions for slum upgrading.

The author further recognizes that some research gaps
can help clarify the conceptualization of, and approaches
to, the socio-ecological research of slums. These aspects
relate to: (i) the possible links between the usage of
renewable energies and living systems in slum
settlements; (ii) the linkage between local norms and
energy efficiency in self-built housing of informal
settlements; (iii) possible connections between slum’s
socio-ecological systems and urban heat island; (iv) the
linkage between biodiversity and social structures in
slums; and (v) the linkage between extreme weather
events such as droughts and informal actions.

Acknowledgement

The author thanks anonymous reviewers for their
comments on an earlier version of this article. Any errors
or omissions remain the responsibility of the author.

Disclosure statement

No potential conflict of interest was reported by the
author.

Funding

This study has been fully done by the author’s funding.

References

1) Abunyewah, M., Gajendran, T. & Maund, K.
(2018). Profiling Informal Settlements for
Disaster Risks. Procedia Engineering, 212: 238-
245.

2)

3)

4)

5)

6)

7)

8)

9

10)

11)

12)

13)

14)

Adegun, O. (2016). Developing Green
Infrastructure in a Johannesburg Informal
Settlement: Investigating residents’ willingness
to pay. Urban Transition Conference, Shanghai.
Adegun, O. B. (2017). Green infrastructure in
relation to informal urban settlements. Journal of
Architecture and Urbanism 41(1): 22-33.
Adelekan, 1. O. (2012). Vulnerability to wind
hazards in the traditional city of Ibadan, Nigeria,
Environment and Urbanization 24(2): 597-617.
https://doi.org/10.1177/0956247812454247
Adelekan, 1., (2010). Vulnerability of poor urban
coastal communities to flooding in Lagos,
Nigeria. Environ. Urban. 22 (2), 433-450.
Agrawal, A. (2010). Local institutions and
adaptation to climate change. In R. Mearns, & A.
Norton (Eds.). Social dimensions of climate
change: Equity and vulnerability in a warming
world (pp. 173-197). Washington DC USA: The
World Bank.

Ajibade I, McBean G. (2014). Climate extremes
and housing rights: A political ecology of
impacts, early warning and adaptation constraints
in Lagos slum communities. Geoforum
8;55(0):76-86.

Ajibade, I. & McBean, G. (2014). Climate
extremes and housing rights: A political ecology
of impacts, early warning and adaptation
constraints in  Lagos slum communities.
Geoforum 55: 76-86.

Alcayna-Stevens, T., (2015). Slum Socio-
ecology: An Exploratory Characterization of
Vulnerability to  Climate-change  Related
Disasters in the Urban Context (M.Sc.). Harvard
Humanitarian Initiative, Universidad de Oviedo.
Amado, P., Ramalhete, M., Amado, I., R,
Freitas, J., (2016). Regeneration of informal
areas: An integrated approach. Cities 58: 59-69.
Atkinson, R. (2000). Combating Social
Exclusion in Europe: The New Urban Policy
Challenge. Urban Studies, 37(5-6), 1037-1055.
Cameron, S. J. (2016). Urban inequality, social
exclusion and schooling in Dhaka, Bangladesh.
Compare: A Journal of Comparative and
International Education, 47(4), 580-597.

Attia, S., Khalil, H.A., (2015). Urban
metabolism and quality of life in informal areas.
In: Schrenk, M., Popovich, V.V., Zeile, P.,
Elisei, P., Beyer, C. (Eds.), Proceedings REAL
CORP 2015: Plan Together — Right Now -
Overall. Ghent, Belgium, pp. 661-674. Retrieved
from. http://www.corp.at.

Baker, |, Peterson, A., Brown, G. & McAlpine,
C. (2012). “Local government response to the
impacts of climate change: an evaluation of local
climate adaptation plans”, Landscape and Urban
Planning Vol 107, No 2, pages 127-136.
Bouchard, B., Goncalo, A., Susienka, M. Wilson,
K. Weininger, S., Jiusto, S., Wood, B. & Kenny,


https://www.sciencedirect.com/science/article/pii/S1877705818300407#!
https://www.sciencedirect.com/science/article/pii/S1877705818300407#!
https://doi.org/10.1177/0956247812454247

Space Ontology International Journal, (2022) Vol. 11, Issue 1 No. 40, Pages: 1- 14

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

M. (2007). Improving Flood Risk Management
in Informal Settlements of Cape Town, Doctoral
dissertation Worcester Polytechnic Institute,
(WPI).

Butera, F.M., Caputo, P., Adhikari, R.S. & Mele,
R. (2019). Energy access in informal settlements.
Results of a wide on-site survey in Rio De
Janeiro. Energy Policy 134, 110943.
Callo-Concha, D., Henning Sommer, J,
Kleemann, J., W. Gatzweiler, F., and Denich,
M., (2014). Marginality from a Socio-ecological
Perspective In: Marginality: Addressing the
nexus of poverty. (Ed: Von Braun and J.,
Gatzweiler, F.W.).

Chakraborty, A., Wilson, B., Sarraf, S. & Jana,
A. (2015). Open data for informal settlements:
Toward a user's guide for urban managers and
planners. Journal of Urban Management 4: 74-
91.

Chatterjee, M. (2010). Slum dwellers response to
flooding events in the megacities of India.
Mitigation and Adaptation Strategies for Global
Change, 15(4), 337-353

Christoplos, 1., Anderson, S., Arnold, M., Galaz,
V., Hedger, M., Klein, R. J. T., et al. (2009). The
human dimension of climate adaptation: The
importance of local and institutional issues.
Stockholm, Sweden: Commission on Climate
Change and Development.

Cilliers, S., Cilliers, J., Lubbe, R., & Siebert, S.
(2013). Ecosystem services of urban green
spaces in African countries — Perspectives and
challenges. Urban Ecosystems, 16(4), 681-702.
Darkwah, R.M., Gobbinah, P.B. and Anokye,
P.A. (2018). Contextualising urban resilience in

Ghana: Local perspectives and experiences.
Geoforum 94: 12-23.
Degert, 1., Parikh, P. & Kabir. R.(2016).

Sustainability assessment of a slum upgrading
intervention in Bangladesh, Cities 56: 63-73.
Demaria, F. & Schindler, S. (2016). Contesting
urban metabolism: Struggles over waste-to-
energy in Delhi, India. Antipode, 48: 293-313.
Diep, L., Dodman, D. & Parikh, P. (2019). Green
Infrastructure in Informal Settlements through a
Multiple- Level Perspective. Water Alternatives
12(2): 554-570.

Dobson, S. (2017). Community-driven pathways
for implementation of global urban resilience
goals in Africa. International Journal of Disaster
Risk Reduction.
(http://dx.doi.org/10.1016/j.ijdrr.2017.09.028).
Dodman, D., Kibona, E., & Kiluma, L. (2011).
Tomorrow is too late: responding to social and
climate vulnerability in Dar es Salaam, Tanzania
(Case study prepared for Cities and Climate
Change: Global Report on Human Settlements
2011) [Retrieved October 20, 2017 from -
http://mirror.unhabitat.org/downloads/docs/GRH
S2011/

10

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

GRHS2011CaseStudyChapter06DaresSalaam.pd
f].
Douglas, I. (2016). The challenge of urban
poverty for the use of green infrastructure on
floodplains and wetlands to reduce flood impacts
in intertropical Africa. Landscape and Urban
Planning 180: 262: 272.

Douglas, 1., Alam, K., Maghendra, M.,
McDonnell, Y., McLean, L., & Campbell, J.
(2008). Unjust waters: climate change, flooding
and the urban poor in Africa. Environment and
Urbanization, 20(1), 187-205.

Dovey, K., & King, R. (2011). Forms of
informality: Morphology and visibility of
informal settlements. Built Environment, 37(1),
11-29.

Drechsel, P., Graefe, S., Sonou, M., & Cofie, O.
0. (2006). Informal irrigation in urban West
Africa: An overview. vol. 102 IWMI.

Du Toit, M., Cilliers, S., Dallimer, M., Goddard,
M., Guenat, S. & Cornelius, S. (2018). Urban
green infrastructure and ecosystem services in
sub-Saharan Africa. Landscape and Urban
Planning [online]. 180. pp 249-261. DOI:
10.1016/j.landurbplan.2018.06.001

Dubbeling, M.; Bracalenti, L.; Lagorio, L.
(2009). Participatory design of public spaces for
urban agriculture, Rosario, Argentina, Open
House International 34(2): 36-49.

Dunne, R. J. (2005). Marginality: A conceptual
extension. In R. M. Dennis (Ed.), Marginality,
power, and social structure: Issues in race, class,
and gender analysis. Research in race and ethnic
relations 12: 11-28. Oxford: Elsevier.

Elias, P. (2011). Local knowledge and capacity
for global environmental change adaptation in
urban slums and informal settlements of the
developing world. UGEC Viewpoints 6: 38-42.
Fernandes, L. (2004). The politics of forgetting:
Class politics, state power and the restructuring
of urban space in India. Urban Studies, 41(12),
2415-2430. https://doi.
0rg/10.1080/00420980412331297609.

Gallaher, C.M., Kerr, J.M., Njenga, M., Karanja,
N.K. and WinklerPrins, A.M.G.A. (2013). Urban
agriculture, social capital, and food security in
the Kibera slums of Nairobi, Kenya, Agriculture
and Human Values 30 (3): 389-404.

Garland, A. M., Massoumi, M., & Ruble, B. A.
(2007). Global urban poverty: setting the agenda.
Washington, D.C. Woodrow Wilson
International Center for Scholars. Retrieved from
https://www.wil-
soncenter.org/sites/default/files/GlobalPoverty.p
df

Godshalk, A. & Zencey, E. (2014). Bio-centers:
ecological sanitation and renewable energy
harvesting in informal settlements. Landscape
Research Record 4: 287-299.


http://dx.doi.org/10.1016/j.ijdrr.2017.09.028

Linking Urban Marginality and Socio-Ecological...
Sina Razzaghi-Asl

39)

40)

Goodhand, J. (2003). Enduring disorder and
persistent poverty: A review of the linkages
between war and chronic poverty. World
Development 31(3), 629-646.

Gotts, M.. van Voorn, N., A.K., Polhill, G, de
Jong, J. G., E., Edmonds, B., Hofstede, G.J., and
Meyer, R. (2018). Agent-based modelling of
socio-ecological systems: Models, projects and
ontologies. Ecological Complexity
(https://doi.org/10.1016/j.ecocom.2018.07.007)

Graham, M. & Ernstson, H. (2012). Co-management

at the fringes: examining  stakeholder
perspectives at Macassar Dunes, Cape Town,
South Africa — at the Intersection of high
biodiversity, urban poverty, and inequality,
Ecology and Society 17(3):
34.https://doi.org/10.5751/ES-04887-170334

42) Grahn, T. & Nyberg, L. (2017).

43)

44)

45)

46)

47)

48)

49)

50)

Assessment of pluvial flood exposure
and vulnerability of re- sidential areas,

Int. J. Disaster Risk Reduct. 21 367-375.
Green, B.N.; Johnson, C.D. & Adams, A. (2006).
Writing narrative literature reviews for peer-
reviewed journals: Secrets of the trade. J.
Chiropr. Med., 5, 101-117.

Guibrunet, L. & V. Castan Broto. (2015). The
sustainability of the informal city: An urban
metabolism approach. Paper presented at the
11th International Conference of the European

Society for Ecological Economics (ESEE),
Leeds, UK on 30 June — 3 July 2015.
Gurung, G. S., & Kollmair, M. (2005).

Marginality: Concepts and their limitations. 1P6
working paper, 4.

Herslund, L.; Backhaus, A.; Fryd, O.; Jargensen,
G.; Jensen, M.B.; Limbumba, T.M.; Liu, L;
Mguni, P.; Mkupasi, M.; Workalemahu, L. and
Yeshitela, K. (2017). Conditions and
opportunities for green infrastructure — Aiming
for green, water-resilient cities in Addis Ababa
and Dar es Salaam. Landscape and Urban
Planning 180: 319-327.

Husmann, C. (2016). Marginality as a Root
Cause of Poverty: Identifying Marginality
Hotspots in Ethiopia. World Development 78:
420-435.

Inam, A. (2015). Informality and urbanism. from
http://informalurbanisms.org/  informality-and-
urbanism-aseem-inam-ph-d/.

Kayaga, S., Godfrey, A., Cotton, A. Costa. C.B.
(2015). Improving on-plot sanitation
management in low-income settlements of cities
of developing countries: case study from
Maputo, Mozambique, Int. J. Environ. Waste
Manag. 16 (2) :112-132.

Karekazi, S. & Majoro, L. (2002). Improving
modern energy services for Africa’s urban poor.
Energy Policy 30(11-12): 1015-1028.

11

51)

52)

53)

54)

55)

56)

57)

58)

50)

60)

61)

62)

63)

Khalifa, M.A. (2015). Evolution of informal
settlements upgrading strategies in Egypt: From
negligence to participatory development. Ain
Shams Engineering Journal
(http://dx.doi.org/10.1016/j.asej.2015.04.008).
Khalil, H.A.E.E., Ibrahim, A., Elgendy, N. &
Makhlouf, N. (2018). Could/should improving
the urban climate in informal areas of fast-
growing cities be an integral part of upgrading
processes? Cairo case. Urban Climate 24: 63-
79.

Kovacic, Z., Kaviti Musango, J., Amollo
Ambole, L., Buyana, K., Smit, S., Anditi, C.,
Mwau, B., Ogot, M., Lwasa, S., C. Brent, A,
Nsangi, G. and Sseviiri, H. (2019). Interrogating
differences: A comparative analysis of Africa’s
informal settlements. World Development 122:
614-627.

Kovacic, Z. & M. Giampietro. (2016). Between
theory and quantification: An integrated analysis
of metabolic patterns of informal urban
settlements. Energy Policy 100: 377-386.
(http://dx.doi.org/10.1016/j.enpol.2016.06.047).
Liu, J., Dietz, T., Carpenter, S.R., Alberti, M.,
Folke, C., Moran, E., Ostrom, E., (2007).
Complexity of coupled human and natural
systems. Science 317 (5844), 1513-1516.
Lindley, S.; Pauleit, S.; Yeshitela, K.; Cilliers, S.
and Shackleton, C. (2018). Rethinking urban
green infrastructure and ecosystem services from
the perspective of sub-Saharan African cities.
Landscape and Urban Planning 180: 328- 338.
Lindley, S.; Pauleit, S.; Yeshitela, K.; Cilliers, S.
and Shackleton, C. (2018). Rethinking urban
green infrastructure and ecosystem services from
the perspective of sub-Saharan African cities.
Landscape and Urban Planning 180: 328- 338.
Lombard, M. (2014). Constructing ordinary
places: Place-making in urban informal
settlements in Mexico. Progress in Planning 94:
1-53.

Madanipour, A. (2006). Urban planning and
development in Tehran. Cities 23(6): 433-438.
Makinde, O. A. (2018). Energy metabolism in a
hybrid/multi-structured urban informal
settlement. Stellenbosch University.

McFarlane, C., (2012). The entrepreneurial slum:
Civil society, mobility and the co-pro- duction of
urban development. Urban Stud. 49 (13), 2795-
2816.

Mehretu, A., Pigozzi, B. W., & Sommers, L. M.
(2000). Concepts in social and spatial
marginality. Geografiska Annaler. Series B.
Human Geography 82(2), 89-101.

Mills, G. (1992). The Spatial Structure of
Ideology in Informal Settlements: A Case Study
in Southern Africa. Building and Environment 27
(1): 13-21.



https://doi.org/10.1016/j.ecocom.2018.07.007
https://doi.org/10.5751/ES-04887–170334%2038
https://doi.org/10.5751/ES-04887–170334%2038
http://dx.doi.org/10.1016/j.asej.2015.04.008
http://dx.doi.org/10.1016/j.enpol.2016.06.047

Space Ontology International Journal, (2022) Vol. 11, Issue 1 No. 40, Pages: 1- 14

64)

65)

66)

67)

68)

69)

70)

71)

72)

73)

74)

Minnery, J.; Argo, T.; Winarso, H.; Hau, D,
Veneracion, C.C.; Forbes, D.; Childs, I. (2013).
Slum upgrading and urban governance: Case
studies in three South East Asian cities. Habitat
Int. 39, 162-1609.

Miranda, R.F.C., Grottera, C. and Giampietro,
M. (2007). Understanding slums: analysis of the
metabolic pattern of the Vidigal favela in Rio de
Janeiro, Brazil. Environ Dev  Sustain.
(https://doi.org/10.1007/s10668-016-9810-v)
Montoya, J., Cartes, I. and Zumelzu, A. (2019).
Indicators for evaluating sustainability in
Bogota’s informal settlements: definition and
validation. Sustainable Cities and Society. in
press, 101896.

Mollat, M. C. (2014). Ecological food sense:
Connections between food waste flows and food

production in Enkanini informal settlement,
Stellenbosch.  Stellenbosch:  Faculty  of
Economics and  Management  Sciences,

Stellenbosch University, 2014.

Mulligan, J. Harper, J., Kipkemboi, P., Ngobi,
B., Collins, A. (2016). Community-responsive
adaptation to flooding in Kibera, Kenya,
Proceedings of the Institution of Civil Engineers-
Engineering Sustainability, vol. 170, Thomas
Telford Ltd: 268-280 No. 5.

Mulligan, J., Bukachi, V., Clause, J.C., Jewell,
R., Karimi, F. and Odbert, C. (2019). Hybrid
infrastructures,  hybrid  governance:  New
evidence from Nairobi (Kenya) on green-blue-
grey infrastructure in informal settlements.
Anthropocene.
(https://doi.org/10.1016/j.ancene.2019.100227).
Muringathuparambil, R.J., Musango, J.K., Brent,
A.C. and Currie, P. (2017). Developing building
typologies to examine energy efficiency in
representative low-cost buildings in Cape Town
townships. Sustainable Cities and Society. 33: 1-
17.

Niva, V., Taka, M. & Varis, O. (2019). Rural-
Urban Migration and the Growth of Informal
Settlements: A Socio-Ecological ~ System
Conceptualization with Insights Through a
“Water Lens”. Sustainability, 11, 3487.

Ochieng, G.; 0Ojo, 0.; Ogedengbe, K.
Ndambuki, J. (2011). Open wells, sanitary
features, pollutions and water qualities: case
study of Ibadan slums, Nigeria, International
Journal of the Physical Sciences 6(13): 3062—
3073.

Pandey, R., AlatalO, J.M., Thapliyal, K.,
Chauham, S., Archie, K.M., Gupta, A.K., Jha,
S.K. & Kumar, M. (2018). Climate change
vulnerability in  urban slum communities:
Investigating household adaptation and decision-
making capacity in the Indian Himalaya.
Ecological Indicators 90: 379-391.

Parikh, P.; Parikh, H. & Mcrobie, A. (2012). The
role of infrastructure in improving human

12

75)

76)

77)

78)

79)

80)

81)

82)

83)

84)

85)

settlements. Proceedings of the Institution of
Civil Engineers: Urban Design and Planning.
166(2): 101-118.

Phukan, D. K. (2014). Levels of some basic
amenities in the slums and their impacts on
ecology: a case study of Jorhat City, Assam.
International Journal of Science and Research
3(1): 71-74.

Pingali, P., Schneider, K., & Zurek, M. (2013).
Poverty, agriculture and the environment: The
case of Sub-Saharan Africa. In J. von Braun, &
F. W. Gatzweiler (Eds.), Marginality. Addressing
the nexus of poverty, exclusion and ecology (pp.
151-168). Dordrecht Heidelberg New York
London: Springer.

Potsiou, C. (2014). Policies for formalization of
informal development: Recent experience from
southeastern Europe. Land Use Policy 36: 33-46.
Prain, G., & Lee-Smith, D. (2010). Urban
agriculture in Africa: What has been learned? In
African urban harvest agriculture in the cities of
Cameroon, Kenya and Uganda (pp. 13-39).
Springer.
(https://doi.org/https://doi.org/10.1007/978-1-
4419-6250-8).

Revell, K. (2010). Working with informality:
increasing resilience in cities of the Global
South. 46™ ISOCARP Congress, Nairobi, Kenya.
Roy, A. (2005). Urban informality: Toward an
epistemology of planning. Journal of the
American Planning Association, 71(2), 147-158.
https://doi.org/10.1080/ 01944360508976689.
Roy, D., Lees, M. H., Palavalli, B., Pfeffer, K.,
& Peter Sloot, M. A. (2014). The emergence of
slums: A contemporary view on simulation
models. Environmental Modelling & Software,
59: 76-90.

Roy, M., Shemdoe, R., Hulme, D., Mwageni, N.
& Gough, A. (2018). Climate change and
declining levels of green structures: Life in
informal settlements of Dar es Salaam, Tanzania.
Landscape and Urban Planning, 180: 282-293.
Royden-Turner, S. (2012). From eradication to
intervention: Urban informal ecosystem. (Master
Thesis) University of Cape Town Accessed 14
April 2016 from: http://
www.informalsouth.co.za/wp-
content/uploads/2012/07/from-eradication-to-
intervention.pdf

Rubio Scarano, F. (2017). Ecosystem-based
adaptation to climate change: Concept,
scalability and a role for conservation science.
Perspectives in Ecology and Conservation, 15
(2), 65-73.

Sakijege, T., Lupala, J., Sheuya. S. (2012).
Flooding, flood risks and coping strategies in
urban informal residential areas: the case of
Keko Machungwa, Dar es Salaam, Tanzania,
Jamba: J. Disaster Risk Stud. 4 (1) 1-10.


https://doi.org/10.1007/s10668-016-9810-y
https://doi.org/10.1016/j.ancene.2019.100227

Linking Urban Marginality and Socio-Ecological...
Sina Razzaghi-Asl

86)

87)

88)

89)

90)

91)

92)

93)

94)

95)

96)

Satterthwaite, D., (2011). Upgrading dense
informal settlements: the potential for health and
well-being. Cities Health Well-Being 1-3.
Satterthwaite, D., (2013). The political
underpinnings of cities’ accumulated resilience
to climate change. Environ. Urban. 25 (2), 381—
391.

Shatkin, G. (2004). Planning to forget: Informal
settlements as “forgotten places” in globalising
metro Manila. Urban Studies, 41(12), 2469-
2484, https://doi.org/10.
1080/00420980412331297636.

Shackleton, C.; Hebinck, P.; Kaoma, H.,;
Chishaleshale, M.; Chinyimba, A.; Shackleton,
S.; Gambiza, S.; Gumbo, D. (2014). Low-cost
housing developments in South Africa miss the
opportunity for household level greening, Land
Use Policy 36: 500-509.
(https://doi.org/10.1016/j.landusepol.2013.10.00
2)

Sletto, B., Tabory, S. & Strickler, K. (2019).
Sustainable urban water management and
integrated  development in T informal
settlements: The contested politics of co-
production in Santo Domingo, Dominican
Republic. Global Environmental Change 54:
195-202.

Smit, S., Musango, J.K., Kovacic, Z. and Brent,
A.C. (2017). Conceptualizing slum in an urban
African context. Cities 62: 107-119.

Smit, S., Musango, J. K., & Brent, A. C. (2019).
Understanding electricity legitimacy dynamics in
an urban informal settlement in South Africa: A
community-based system dynamics approach.
Energy for Sustainable Development, 49, 39-52.
https://doi.org/10.1016/j.esd.2019.01.004.
Soyinka, O. & Siu, M\W.K. (2018). Urban
informality, housing insecurity, and social
exclusion; concept and case study assessment for
sustainable urban development. City, Culture
and Society
(http://doi.org/10.1016/j.ccs.2018.03.005).
Srinivas, H. (1994). Defining  squatter
settlements. Awvailable at http://www.gdrc.org/
uem/define-squatter.html Accessed 27.07.04.
Teferi, ZA. & Newman, P. (2017). Slum
regeneration and sustainability: Applying the
extended metabolism model and the SDGs.
Sustainability 9: 2273.
(http://doi.org/10.3390/su9122273).

Toit, J. du., Cilliers, M., Dallimer, S.S., Goddard,
M., Guenat, S., & Cornelius, S.F. (2018). Urban
green infrastructure and ecosystem services in
sub-Saharan Africa. Landscape and Urban
Planning
(http://dx.doi.org/10.1016/j.landurbplan.2018.06.
001)

13

97) Turner BL, Kasperson RE. & Matson PA.
(2003). A framework for vulnerability analysis in
sustainability science. PNAS 100(14):8074-8079.

98) Uddin, N. (2018). Assessing urban sustainability
of slum settlements in Bangladesh: Evidence

from Chittagong city. Journal of Urban
Management
(http://doi.org/10.1016/j.jum.2018.03.002).

99) UN-Habitat. (2003). The challenge of slums:

global report on human settlements Management

of Environmental Quality: An International

Journal 2004;15(3):337-338.

UN Habitat. World Cities Report

(2016). Urbanization and Development—

Emerging Futures; UN-Habitat: Nairobi, Kenya,

2016; p. 262.

101) UN-Habitat. (2014). Habitat Il issue papers:
Informal settlements. New York: UN-Habitat.

102) Vollmer, D. and Gret-Regamey, A. (2013).
Rivers as municipal infrastructure: Demand for
environmental services in informal settlements
along an Indonesian river. 23: 1542-1555.

103) Von Braun, J., & Gatzweiler, F. W. (Eds.)
(2013). Marginality. Addressing the nexus of
poverty, exclusion and ecology. Dordrecht
Heidelberg New York London: Springer.

104) Waters, J. (2013). The role of ecosystem services
and adaptive capacity in the resilience of poor
urban areas, Unpublished PhD thesis, school of
environmental studies, university of East Anglia.

105) Webb, N. (2011). When is enough, enough?
Advocacy, evidence and criticism in the field of
urban agriculture in South Africa, Development
Southern Africa 28(2): 195-208.
https://doi.org/10.1080/0376835X.2011.570067

106) Wekesa, B. W., Steyn, G. S., & Otieno, F. A. O.
F. (2011). A review of physical and socio-

100)

economic  characteristics and intervention
approaches of informal settlements. Habitat
International, 35(2), 238-245.

http://dx.doi.org/10.1016/j.habitatint.2010.09.
006.

107) Williams, D.S., Costa, M.M., Sutherland, C.,
Celliers, L. and Scheffran, J. (2019).
Vulnerability of informal settlements in the
context of rapid urbanization and climate change.
Environment and Urbanization. 31(1): 157-176.

108) Woolf, S., Twigg, J., Parikh, P. & Karaoglou, A.
(2016). Towards measurable resilience: A novel
framework tool for the assessment of resilience
levels in slums. International Journal of Disaster
Risk Reduction.
(http://dx.doi.org/10.1016/j.ijdrr.2016.08.003).

109) Zahra, K., Ashraf, A., Zafar, T. & Yaseen, B.M.
(2017). Marginality and Social Exclusion in
Punjab, Pakistan: A Threat to Urban
Sustainability. Sustainable Cities and Society
(https://doi.org/10.1016/j.s¢s.2017.11.009)



https://doi.org/10.1016/j.esd.2019.01.004
http://doi.org/10.1016/j.ccs.2018.03.005
http://doi.org/10.3390/su9122273
http://dx.doi.org/10.1016/j.landurbplan.2018.06.001
http://dx.doi.org/10.1016/j.landurbplan.2018.06.001
http://doi.org/10.1016/j.jum.2018.03.002
http://dx.doi.org/10.1016/j.ijdrr.2016.08.003

Space Ontology International Journal, (2022) Vol. 11, Issue 1 No. 40, Pages: 1- 14

110) zahra, D., Mbatha, S., Campos, L., Queface, A.,
Beleza, A., Cavoli, C., Achuthan, K. and Parikh,
P. (2019). Rapid flood risk assessment of
informal urban settlements in Maputo, T

14

Mozambique: The case of Maxaquene A.
International Journal of Disaster Risk Reduction
40, 101270.



