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Abstract

As climate change intensifies and urbanisation increases, many major cities are put at high risk
of urban flooding and are compelled to be flood resilient. Despite a growing emphasis on
nature-based solutions, however, green roofs' potential as a flood adaptation measure is yet
to be acknowledged, and related research is mainly technical-oriented and focusing on the
roof-scale. On that account, this thesis aims to investigate the potential of green roofs by
accounting for technical and socioeconomic factors affecting green roofs' applicability and
their potential impact on flood susceptibility at a district level. By taking Jakarta as a case study,
this study employs exploratory design with mixed methods to perform suitability analysis and
flood risk assessment utilizing GIS-MCDA and AHP. Taken together, this thesis strengthens the
notion that there is no one-size-fits-all approach to green roofs implementation, opportunities
to adopt differ across places and type of users. While the impact of green roofs on the flood
risk was not very encouraging, it does show great potential if employed as a green
infrastructure network and applied over large surfaces. This indicates that mainstreaming
green roofs can be pivotal in diversifying flood adaptation measures in the city and thus
increasing the system's resilience against flooding in the future.

Key words: green roofs, flood resilience, technical factor, socioeconomic factor
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Chapter 1

Introduction

1.1.

From Grey to Green Infrastructure

For the past few decades, climate change and its effects have been accelerating. This condition
puts many major cities at high risk of climate-related disasters such as flooding. According to
the IPCC report (2021), extreme precipitation is expected to increase worldwide with rising
global temperature and sea levels. This will increase pressure on the cities' water systems and
their capability in managing excess runoff (Galderisi & Treccozzi, 2017). Heavy rainfalls and
inadequate drainage consequently will increase flood risks in more urban areas, resulting in
more frequent floods and potentially cause loss and severe damage to society.
The impacts of climate change are likely to worsen in the future, as the urban population is
rising worldwide. By 2050, 68% of the world population is expected to live in the cities (United
Nation, 2018). However, the expansion of urban areas is predicted to be much faster than the
population growth (Seto et al., 2013). With the limited space available, the densifying cities
may prompt land modifications, in which the current water infrastructure and its supporting
system are at stake (Carter & Jackson, 2007; Seto et al., 2013). For instance, these modifications
can be seen from the increase of impervious surfaces replacing green spaces in the city
(Berndtsson, 2010; Carter & Jackson, 2007; Syahirani & Ellisa, 2021). According to Arnold &
Gibbons (1996), impervious surfaces produce runoff to the city 55% more than green spaces.
So far, many city governments rely on massive engineering infrastructure or so-called 'grey'
infrastructure, e.g., ditches, drainpipes, storage reservoirs, to cope with these pressures to
anticipate flood events (Alves et al., 2020; Brears, 2018; Cristiano et al., 2021). Although grey
infrastructure is considered effective in managing runoff, relying solely on this technology to
cope with the aforementioned problems would be difficult. First of all, such technology is
generally massive and expensive (Berndtsson, 2010; Brears, 2018; Galderisi & Treccozzi, 2017).
Secondly, Lennon et al. ( 2014) argued that these 'hard' solutions are not flexible as they are
primarily designed as a 'defence' system; therefore, they have a limited drainage's capacity
and mostly requires large space (Copeland, 2013; Kolasa-Więcek & Suszanowicz, 2021). Yet,
most flood-prone locations are usually in very densely populated areas where spaces for such
development are very limited.
In recent years, there has been a growing discussion and interest in the concept of 'Green'
Infrastructure (GI) to increase flood resilience in urban areas. Flood resilience is an emerging
framework that refers to the city's ability to adapt to flood events, tolerate flooding, and
2

recover from socioeconomic disruption (Bertilsson et al., 2019). Compared to grey
infrastructure, GI is more flexible and cost-effective as an adaptation measure towards flooding
while simultaneously providing other environmental and social benefits (Copeland, 2013;
Pappalardo et al., 2017; Wright, 2011). However, the concept of GI itself is still evolving;
therefore, when it comes to practices, discussion related to the meaning and how it can be
applied is still going on among policymakers, researchers, and practitioners (Copeland, 2013;
Hansen et al., 2021; Wright, 2011).
1.2.

Needs and Opportunities of Green Roofs

One of the most common forms of GI in the city is green open space (e.g., parks). However,
due to densification, the number of green open spaces are decreasing rapidly in many cities.
According to Haaland & van den Bosch (2015), the more compact a city becomes, the more
challenging it is to plan and manage green open space for public and private use. In a highly
urbanised area, green roofs are considered an alternative to green spaces as they can be
retrofitted to existing buildings (Shin & Kim, 2015).
Many studies have also mentioned the potential of green roofs in managing stormwater
effectively (Calheiros & Stefanakis, 2021; Mentens et al., 2006; Shafique et al., 2018). These
studies revealed that green roof could retain rainwater runoff from 40% to 80% of the total
rainfall volume depending on the type and climatic conditions (Lamera et al., 2014; Mentens
et al., 2006; Rowe & Getter, 2006; Shafique, Kim, & Rafiq, 2018). Moreover, roofscapes account
for 40-50% of impermeable surfaces in the city (Dunnett and Kingsbury, 2004, As cited from
Mentens et al., 2006). Therefore, turning this plenty of roof area to green roofs could curb
significantly the amount of stormwater runoff and increase the city's drainage's capacity
alongside existing grey infrastructure.
Despite the potential, there are still barriers that hinder green roofs implementation in urban
areas. According to Akther et al. (2018), there are influential variables that affect the
performance and thus the applicability of green roofs under different climatic zones. Kuller et
al. (2017) classified such variables under the Water Sensitive Urban Design (WSUD) suitability
framework into 'two sides of suitability': opportunities ('WSUD need a place') and needs ('a
place needs WSUD'). Opportunities here describe the technical and socioeconomic suitability
factors of green roofs implementation. Technical factors are related to the site character that
affects the performance of green roofs, such as design, climatic condition, and vegetation type
(Calheiros & Stefanakis, 2021; Shafique, Kim, & Kyung-Ho, 2018). Socioeconomic factors
include public awareness (Hossain et al., 2019; Sarwar & Alsaggaf, 2020; Teotónio et al., 2021)
and financial barriers (Calheiros & Stefanakis, 2021; Mees et al., 2013; Zambrano-Prado et al.,
2021). On the other hand, needs describe the factors related to the site demand answering the
question of "where is the highest need for green roofs?".
Teotonio et al. (2021) stated that such factors could be varied differently depending on the
context of the areas; thus, planning green roofs should always be approached as a case3

sensitive study. Nevertheless, in reality, most research on the green roof is primarily conducted
in developed countries under cold climates and stable economic conditions (Shafique, Kim, &
Rafiq, 2018). In several developed countries, such as Japan, South Korea, Germany, and the
Netherlands, the outcome of this research has become a baseline for the policymakers to
encourage further adoption of green roofs through providing design standards and financial
incentives schemes (Liberalesso et al., 2020; Mentens et al., 2006).
On the contrary, only little is known about related studies in developing countries (Hossain et
al., 2019b; Shafique, Kim, & Rafiq, 2018; Shin & Kim, 2015). Developing countries’ conditions
could be more challenging than developed countries with intensified natural disasters and
uncontrollable urbanisation, inadequate city planning, and governance (Rana, 2009;
Shackleton et al., 2018; Shin & Kim, 2015). Yet, green roofs implementation in most developing
countries is still insignificant and mostly still at the initial stage (Chen et al., 2019; Lestari et al.,
2018; Shafique, Kim, & Rafiq, 2018).
In Jakarta, the capital city of Indonesia, uncontrollable urbanisation contributed most to
converting green space and land cover to impervious surfaces (Farid et al., 2021). In contrast
to rapid city expansion, the drainage system in Jakarta was often neglected and still
underdeveloped, causing the flood events to be more frequent and extensive (Caljouw et al.,
2005). Despite green roofs' potential as an 'additional green space', no building standard
related to the green roof is initiated, and incentive programs hardly mention green roofs
adoption on buildings. In such a situation, it is clear that the potential of ‘greening roofscape’
has yet to be acknowledged as a strategy to deal with flooding. Therefore, research related to
this is often neglected by society and the government (Sarwar & Alsaggaf, 2020). However,
with the future climate challenges in mind, assessing the applicability and potential of green
roofs in Jakarta is crucial to diversify flood adaptation measures to increase flood resilience
and make society less vulnerable and more prepared for floods disaster in the future.
1.3.

The Gap between Research and Practice

Although most studies show very positive and promising results about the potential of green
roofs as the solution to urban flooding, there are still doubts about the effect of green roofs
on stormwater management and whether investing in such technology is worthwhile. First,
Shin & Kim (2015) argued that stormwater reduction, in practice, is not as significant as has
been reported. Much research related to technical factors above in recent years has focused
on analysing the hydrological performance of green roofs both in the quantity of stormwater
reduction (Shafique & Kim, 2017; Soulis et al., 2017; Viola et al., 2017) and the quality of runoff
(Razzaghmanesh et al., 2014; Vijayaraghavan et al., 2012). These studies are generally
conducted at a small-scale (building-unit) through a series of experiments of green roof
construction (Hidayat et al., 2021; Soulis et al., 2017; Wilkinson & Reed, 2009; Zellner et al.,
2016).
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However, examination of the performance under such 'controlled condition' might not be
sufficient to represent the effect of the green roof in a dynamic urban environment (Shin &
Kim, 2015). Apart from green roof properties, environmental factors such as topological and
geographic conditions play a significant role. Akhter et al. (2018) found that green roofs
perform differently in different climatic zones, and design (e.g., plant selection) relies heavily
on this. In addition to this, Yao et al. (2020) and Hoeben and Posch (2021) also argued that
spatial variabilities, such as the urban density and access to the drainage system, where the
study is conducted, influences the expected benefits of green roofs. Grunwald et al. (2017)
exemplify the influence of spatial distribution on ecosystem service by looking at the built-up
area with a high density. Such an area is argued to have the highest need for ecosystem service
and thus will benefit most from implementing green roofs. Nevertheless, most green roof
adoption policies are still based on the present 'roof-scale' approach (Versini et al., 2020).
As previously stated, green roofs implementation on a city level is quite complex and thus
cannot be solely assessed from the performance of only one green roof. Currently, there is a
growing interest in using GIS analysis to investigate green roofs' potential on a city level
(Grunwald et al., 2017; Hoeben & Posch, 2021; Santos et al., 2016). By using spatial analysis,
green roofs suitability studies thus can include various factors in a complex urban environment
such as proximity to the drainage system, access to green space, and user preferences on the
function (Venter et al., 2021). Moreover, observing this scale allows the researcher to analyse
the link or relationship between different layers or factors. However, despite the potential, such
studies are still limited compared to the roof-scale study. This is arguably due to the complexity
and limited data availability on a large scale (Yuliani et al., 2020). Collecting spatial data can
become quite challenging, particularly in developing countries like Indonesia, where access or
study on green roofs is still in its infancy.
Second, there are still some debates about the benefits of green roofs and who will be
responsible for their development from a socioeconomic perspective. Compared to the
technical factor's studies, the scope of socioeconomic research is much larger, covering a
district or a city scale. Research analysing green roofs potential from this side typically
investigates willingness and perception of green roofs adoption and their economic benefits
through cost-benefit analysis (Hossain et al., 2019b; Sarwar & Alsaggaf, 2020; Yuliani et al.,
2020b). Although most results concluded that green roofs are worth investing in in the longterm, promoting adoption might not be solved by, in many cases, providing subsidy schemes
only.
Dhakal & Chevalier (2017) argued that social acceptance is critical to green roofs
implementation on a wide scale. In the early stage, Zakeri & Mahdiyar (2020) stated that public
awareness is identified as the most significant barrier in green roof adoption. These
socioeconomic factors explained why some countries manage to have a higher
implementation rate than others and thus provided information related to the potential of
green roofs implementation beyond the performance. Nonetheless, most studies related to
5

green roofs are still primarily concerned about technical rather than socioeconomic aspects.
Research using a combined approach (technical and socioeconomic) for green roofs is still
limited and primarily conducted in developed countries (Kuller et al., 2019; Pappalardo et al.,
2017; Venter et al., 2021). However, it is essential to understand that analysing green roofs'
potential on a city scale requires a more comprehensive approach, taking technical and
socioeconomic factors into account.
Overall, two academic gaps are identified in the green roofs study 1) study conducted on a
large-scale with a city-scale approach is still limited and mostly found in developed countries,
2) socioeconomic aspects are often overlooked. Therefore, this study will analyse green roofs
potential on a large scale and consider both technical and socioeconomic factors. Due to its
complexity, this study might not provide a detailed result, but at least aim to have a balanced
perspective of green roofs applicability that acknowledges the complexity of the technical and
socioeconomic condition in an urban environment. By doing so, it is possible to understand
the potential and limitation of green roofs (what green roofs can do, what green roofs cannot
do under such complex situations) as a starting point for further green roofs development.
1.4.

Research Objective

This research investigates the potential of green roofs to increase flood resilience in Jakarta by
accounting for technical and socioeconomic factors affecting green roof implementation. By
analysing these factors, the stakeholders could better understand the potential of green roofs
as an alternative to diversify flood adaptation measures in the current water infrastructures in
the city. A green roofs suitability analysis was performed in one of the districts in Jakarta, and
the impact on the flood susceptibility level was assessed and simulated to show the effect of
green roofs in flood-prone areas. By taking a case study of Jakarta as an example, this research
aims to add value in understanding the possibility of green roofs implementation in
developing countries and contribute to the knowledge development of green infrastructure in
the city.
1.5.

Structure

This report consists of seven chapters. The first chapter is the introduction, where relevant
issues are discussed. This chapter is followed by a theoretical framework that reviews the flood
resilience and green infrastructure theory related to green roofs. Chapter 3 presents the
research questions given the conceptual framework previously discussed. After that, the
methods employed for data collection and analysis are elaborated on in chapter 4. Chapters 5
& 6 present the results and discussion. Lastly, chapter 7 will provide the conclusion of this
thesis report.
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CHAPTER 02

Theoretical
Framework

Chapter 2

Theoretical Framework

This chapter shows two principal theories used as the background in this research: flood
resilience and green infrastructure (green roofs). First, the framework of flood resilience is
discussed. Then, the concept of green infrastructure, in particular green roofs and their
applicability, is analysed. This chapter ends with a conceptual framework presenting an
overview of this research's framework.
2.1.

Flood resilience

2.1.1. Flood Resilience Framework
Since Holling (1973) first introduced it, the term 'resilience' has been discussed in many works
of literature from different disciplines for many years (Meerow et al., 2016). In the beginning,
Holling defined resilience as an ability to "persist" or maintain its status quo after a disruption
(Meerow et al., 2016). This ability is related to the system's capacity to absorb shock and
bounce back to the 'normal' situation. However, the 'ideal' situation is ambiguous and entails
subjectivity, resilient of what to what, for whom, and why (McClymont et al., 2020; Meerow et
al., 2016). Several authors argued that resilience is not only about persistency but also
'adaptability' and 'transformability' in which a system can incrementally adopt or radically
transform to pressure (Meerow et al., 2016). These aspects allow a system, particularly under
challenging situations, to 'bounce forward' from an undesirable state (Davoudi et al., 2012;
Disse et al., 2020; Galderisi & Treccozzi, 2017; Restemeyer et al., 2015). Combining these views,
Sayers et al. (2013) then define resilience as "the ability of an individual, community, city or
nation to resist, absorb, or recover from a shock (such as an extreme flood), and successfully
adapt to adversity or a change in conditions in a timely and efficient manner."
Due to climate change and urbanisation, flood risk is expected to increase significantly in urban
areas. In response, Flood Risk Management (FRM) has become popular as a strategy or
approach to reduce the detrimental effect of flooding (Disse et al., 2020). Previously, such a
strategy was considered a resistance approach (engineering resilience) or a 'defensive system'
where the goal is to keep the water away from the land, such as dikes and canals (Restemeyer
et al., 2015). However, recent discussions regarding flood disasters are changing; flooding is
now considered inevitable or bound to happen. Thus adaptation measures aiming to reduce
the adverse impacts of floods are necessary (Disse et al., 2020; Restemeyer et al., 2015).
Accordingly, there is a need to shift from resistance to resilience-based approaches by
applying more adaptive flood resilience measures in the FRM (McClymont et al., 2020).
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Figure 1 Flood resilience framework by McClymont et al. (2020)
Several studies have observed resilience in the context of floods. De Graaf et al.(2009)
identified four components affecting flood vulnerability: threshold capacity, coping capacity,
recovery capacity, and adaptive capacity. Additionally, resilience can also be found at each
stage of the flood disaster cycle: 1) pre-flood (resistance capacity), 2) during-flood (coping
capacity), 3) post-flood (recovery and adaptation capacity)(Zhu et al., 2021). Following this,
McClymont et al. (2020) then suggested three main frameworks (see Figure 1.) for flood
resilience, as follow:
1. Engineering resilience
This term explains the ability of a city to remain 'stable' or maintain the status quo
against a large disturbance. Here, the aim is to allow a system to return to normal
condition immediately and is associated with the recovery stage after a shock event.
Engineering resilience concerns efficiency, constancy, and predictability (Holling, 1973).
This concept is similar to threshold or resistance capacity in the pre-flood cycle.
Implementation of this framework in FRM is quite common, particularly on a large
scale. Such an approach is mainly related to applying grey infrastructures such as flood
protection schemes that attempt to control rivers through a dike, dam, canals, or
bridges (Disse et al., 2020).
2. System resilience
This term is also known as 'ecological resilience' and describes the ability of a city to
maintain its function or keep going during a disturbance. Similar to engineering
resilience, the purpose of this framework is to allow a city to return to its normal state.
9

However, in this case, a city can adopt different measures to ensure its function run
normally. System resilience has an arranged flexibility in which the city has coping,
recovery, and potentially adaptive capacity towards flooding. This framework offers the
ability for a city to 'bounce back' and 'bounce-forth', particularly during and after flood
events. An example of this in FRM can be seen from integrated flood measure schemes,
where grey infrastructure is accompanied by green infrastructure, enriching the options
in the system against flooding.
3. Complex adaptive systems resilience
This term refers to the city's ability to withstand, recover, and reorganise as a response
to a crisis. Compared to other types, this framework emphasises the adaptive and
transformative capacity to increase future resilience in the post-flood. This framework
aims to allow a system to transform incrementally or radically to a new state in the face
of a large disturbance. Examples of this in FRM can be seen from the transition from
traditional strategies to water-sensitive approaches in urban water management
worldwide, such as nature-based solutions (NBs), water sensitive urban design (WSUD),
and low impact development (LID) (Dhakal & Chevalier, 2017; Kuller et al., 2019; Wong
et al., 2020).
2.1.2. Defining 'Resilience' in Practice
As previously stated, the term 'resilience' entails subjectivity. The reason is that building
resilience requires political decisions regarding access, costs, risks distribution and impacts for
the greater public good (Friend & Moench, 2013). Therefore, there is a potential 'trade-off’
between motivations and power dynamics among diverse stakeholders (Meerow et al., 2016).
According to Friend & Moench (2013), in practice, the 'resilience' framework rarely addresses
the issue of equity and therefore might have a 'negative' implication for the poor and
marginalised populations. For example, in many Asian cities, informal settlements are often
found within the flood plain due to the competitive land price and densification. However,
from the 'engineering' resilience perspective, these areas need to be open and clear from the
settlement as they function as natural drainage systems. Therefore, many evictions happened
for the sake of building' flood resilience'. Looking at this phenomenon, Friend & Blake (2009)
stated that under logical-technical thinking, resilience has become a concept that is not
'necessarily accessible or of benefit' to the poor and only beneficial for 'certain groups'.
Therefore, discussion on defining 'by whom, for whom' should always acknowledge the social
dynamic in urban areas.
Identifying neighbourhood typology can be used as an approach to understanding the social
dynamic, particularly in an area dominated by sprawling neighbourhoods. Gershoff et al.(2009)
proposed a cluster analytic strategy using five socioeconomic factors as indicators: status, flux,
services, density, and danger. On the other hand, Congedo & Macchi (2015) researched climate
change and identified non-climatic factors such as urban sprawl (density), connectivity, and
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car dependence. Both research have linked the community’s character with the urban density.
In this regard, Stewart & Oke (2012) introduced a more detailed clustering system based on
the urban form to address Urban Heat Island (UHI) and called it the Local Climate Zones (LCZ)
framework (Figure 2.). Diwangkari (2018) suggests that such classification can also be adapted
to the local context to address the area and communities more susceptible to climate change.
For instance, people living in the urban kampung (traditional Indonesian neighbourhood) are
much likely more vulnerable to climate change impact compared to others (Diwangkari, 2018).

Figure 2 Local Climate Zones (LCZ) by Stewart & Oke (2012)

Apart from the urban forms and social diversity, some factors should also be determined
before formulating the resilience framework, which is: spatial scale for analysis (related to the
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spectrum of flood impacts from building to national scale), potential end-users (the beneficiary
from this approach), and potential purposes (function) (McClymont et al., 2020). Defining these
factors is necessary to address the resilience term's vagueness. In this study, the potential of
green roofs was observed from a district scale, targeting the district in Jakarta with the highest
need for green roofs intervention. Potential end-users here can be defined as the primary
stakeholders: public actors (government), private actors (architect, engineers), and users
(residents, developers).
It is also essential to frame ‘flood resilience’ in a measurable way. In this thesis, resilience refers
to the attempt to reduce flood risk in Jakarta through alternative adaptive measures. Luu et al.
(2020) stated that flood risk includes three main elements: hazard, exposure, and vulnerability
(Figure 3.). Hazard is the potential harm or damage in one location, such as flood-prone areas,
and exposure is the potential for personal danger or property damage during flood events,
e.g., population density (Luu et al., 2020). Vulnerability is a non-technical factor that describes
the community's character making it vulnerable to flood damage, e.g., low-income, high
population density. By identifying these three aspects, the authority can take up the suggested
course of actions, e.g., modifying FRM, mitigation & adaptation measures.

Figure 3 Flood risk assessment adapted from Luu et al. (2020)

Among three resilience frameworks, green roofs have a significant role in increasing the system
resilience of a city. Liao (2012) argued that urban resilience to floods roots in the idea of 'living
with floods', which depends on the city's “floodability” – the physical ability of a city to
accommodate flooding and reorganisation- instead of the resistance capacity that
'engineering' resilience suggested. In the context of Jakarta, engineering resilience is already
present in the form of flood-control infrastructure (i.e., canals, coastal defence); however, the
challenge ahead as described in 1.1. requires more flood adaptation measures incorporated in
the current FRM. Acknowledging that other measures can be added to the current flood
strategy will improve 'diversity of options', which is the key to increasing resilience (Liao, 2012).
In this regard, green roofs contribute to this 'system resilience' framework due to their ability
to reduce rain-induced flooding by decreasing stormwater runoff in urban areas.
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2.2.

Green Infrastructure

2.2.1. Green Infrastructure Planning
Initially, Green Infrastructure (GI) was defined as an interconnected network of multi-functional
green space to provide ecological, social, and economic benefits (Ferreira et al., 2021).
However, nowadays, GI is defined in a broader term as "a strategically planned network of
(semi-) natural areas which is designed and managed to deliver a wide range of ecosystem
services...in both rural and urban settings" (European Commission, 2013). This infrastructure
can take various forms (large and small scale), e.g., urban parks, street trees, green roofs, and
permeable surfaces. It is also essential to understand that the interpretation of green
infrastructure is contextual primarily. Therefore, the application varies differently across cities
(Wright, 2011).
GI has been extensively used as an emerging strategy in managing stormwater due to its ability
to reduce floods through rainwater infiltration, evaporation, and retention (Lennon et al.,
2014). In most cities, flood prevention is often related to grey measures and land-use
regulation (e.g., natural flood plain protection) (Galderisi & Treccozzi, 2017). The protection
regulation often fails due to a high level of urbanisation, followed by increased land cover
modification of green spaces (Galderisi & Treccozzi, 2017; Haaland & van den Bosch, 2015). In
practice, Ferreira et al. (2021) argued that general green infrastructure planning principles are
sometimes too theoretical and hard to execute in spatial planning. Moreover, there are only a
few studies concerning GI's practical procedures and implementation strategies. However,
Monteiro et al. (2020) argued that applicability is the core of GI principles since applicability
will determine whether GI planning is realistic and can be developed or adaptable to the area.
Therefore, this research aims to investigate the applicability dimension of GI, specifically green
roofs in a highly densely populated area.
2.2.2. Green Roofs Properties
Green roofs are one of the GI measures that utilise the roof spaces and offer numerous social,
economic, and environmental benefits, particularly against urban flooding. Several studies
have mentioned the potential of green roofs in managing stormwater effectively in different
climatic situations (Akther et al., 2018). Many experiments conducted worldwide have found
that green roofs can reduce stormwater by between 40% and 80% depending on the type of
the layers (intensive and extensive), climatic conditions (Lamera et al., 2014; Mentens et al.,
2006; Rowe & Getter, 2006; Shafique, Kim, & Rafiq, 2018), and application on different spatial
scales (Carter & Jackson, 2007).
Compared to the conventional roofs, green roofs reduce total runoff and help delay the
rainwater runoff time and store the excess water in the substrate layer (Castleton et al., 2010;
Mentens et al., 2006) (Figure 4.). This process is similar to the "resist – store – delay – store –
discharge" strategy to make cities' water resilient' in Water Sensitive Urban Design (WSUD)
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framework (Dolman & Ogunyoye, 2019). Because of this potential, green roofs have been
applied in many adaptive flood risk management frameworks (Berardi et al., 2014).

Figure 4 Comparison between conventional and green roofs on the rainfall-runoff response (Castleton et al.,
2010)

Green roofs, in general, are described as rooftops with vegetated layers on top and are
considered an alternative to traditional green space (Berardi et al., 2014; Rowe & Getter, 2006).
There are five components that green roofs generally have: waterproofing membrane,
drainage layer, filter layer, growth media (substrate layer), and landscape material or
vegetation layer (Hashemi et al., 2015). Table 1. shows a classification of green roofs that are
currently widely applied, divided into three types: intensive, semi-intensive, extensive (Berardi
et al., 2014; Shafique, Kim, & Rafiq, 2018).
Table 1 Classification of Green Roofs
Criteria

Type of Green Roofs
Intensive

Semi-intensive

Source
Extensive

Soil depth

>12 inch

6-12 inch

<6 inch

Vegetation

High plant

Low plant

Low plant

diversity

diversity

diversity

type

(Calheiros & Stefanakis, 2021;
Hashemi et al., 2015)

(Diversity)
Maintenance
Weight of the

High

Moderate

Low

(Calheiros & Stefanakis, 2021)

>350 kg/m2

150-350 kg/m2

80-180 kg/m2

(Calheiros & Stefanakis, 2021)

Flat (<10o)

Flat (<10o)

Flat and Slope

(Hashemi et al., 2015; Mentens et

system
Slope

of

building
Construction

(>45o)
Complex

Moderate

Easy

al., 2006; Shin & Kim, 2015)
(Hashemi et al., 2015)

An intensive green roof is a roof garden with a soil layer depth above 12 in and is the heaviest
type among others. This type also is more complex to construct and requires high installation
and maintenance costs (Hashemi et al., 2015; Teotónio et al., 2021). Despite this, intensive
green roofs could accommodate many plantings, including trees, shrubs, and lawns (Calheiros
& Stefanakis, 2021; Hashemi et al., 2015). The runoff reduction on green roofs is highly
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influenced by the selection of vegetation cover and substrate depth (Soulis et al., 2017).
Therefore, many studies also revealed that intensive green roofs perform better in managing
stormwater than the other types (Teotónio et al., 2021).
On the other hand, an extensive green roof has a soil layer depth below six and is the most
commonly implemented in many cities (Shafique, Kim, & Rafiq, 2018). This type weighs less,
builds easier, and costs cheaper than the others. Hence, it is possible to retrofit such types on
various buildings, including the old ones with limited structural support (Shin & Kim, 2015;
Soulis et al., 2017). However, due to the soil depth, the choice of plants for the extensive type
is quite limited, e.g., sedum, mosses, grass (Calheiros & Stefanakis, 2021; Hashemi et al., 2015).
Lastly, semi-intensive green roofs have more vegetation options but are still limited to small
plants. Even though this type requires regular maintenance, it is much easier to maintain than
the intensive one (Calheiros & Stefanakis, 2021). An illustration for this classification can be
seen in Figure 5.
Given the abovementioned potential and constraints, the extensive green roof is the type of
green roof most applicable to the Jakarta context and, therefore, will be considered in this
study. Extensive green roofs are the lightest and, therefore, are more feasible to retrofit to
more existing buildings than intensive or semi-intensive ones. This condition is essential since
the building structure is considered one of the biggest challenges in green roof retrofitting on
a wide scale (Calheiros & Stefanakis, 2021).

Figure 5 Cross-section of different types of green roofs (Calheiros & Stefanakis, 2021)

2.2.3. Green Roofs Applicability
Recently, the aim to adopt green roofs in the city has become increasingly popular worldwide.
The early application of the green roof dates back to the fifth century when Babylon
implemented it as a 'hanging garden' (Berardi et al., 2014). Swiss architects Le Corbusier
introduced green roofs application in the modern era, particularly the intensive type on
buildings, as part of modern architecture principles (Köhler et al., 2002; Berardi et al., 2014).
Among other countries, Germany is one of the frontiers in green roofs development; almost
10% of roofscapes in Germany are green roofs (Shafique, Kim, & Rafiq, 2018). This trend is
15

followed by other developed countries such as the USA, the Netherlands, Belgium, Japan, and
Singapore, where green roofs are promoted through incentive and design guidelines
(Zambrano-Prado et al., 2021).
Many studies have tried to investigate the factors that affect or hinder the adoption of green
roofs. According to Akther et al. (2018), influential variables affect the performance and thus
the applicability of green roofs under different climatic zones. Zambrano- Prado et al. (2021)
identified 129 potential barriers to green roof implementation and divided them into five
categories: technological, economic, legal, environmental, and social. Kuller et al. (2017)
classified such variables under the Water Sensitive Urban Design (WSUD) suitability framework
into 'two sides of suitability': opportunities ('WSUD need a place') and needs ('a place needs
WSUD). In the context of green roofs adoption, opportunities here can be described as the
technical suitability factors and the socioeconomic suitability factors related to the site
character affecting green roofs performance and their applicability. Needs discuss the factors
linked to the site demand, where in this context, are described as the area with the worst floods
issue.
As listed in Table 2., the opportunities are translated into suitability factors that determine the
applicability of green roofs in specific locations; whether such technology is realistic or not,
and most or least suitable for the designated area (Monteiro et al., 2020).
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Table 2 Technical and socioeconomic factors affecting green roofs adoption
Category
Technical factors

Aspect

Sources

Environmental
Season
Rainfall pattern
Climatic condition
Spatial scale
Access to the drainage system

(Akther et al., 2018; Speak et al., 2013;
Zambrano-Prado et al., 2021)
(Rowe & Getter, 2006)
(Carter & Jackson, 2007)
(Kuller et al., 2017a)

Technological
Type of green roofs
- Growing media composition
- Growing media depth

(Akther et al., 2018; Rowe & Getter, 2006)

- Type of vegetation

(Akther et al., 2018; Berardi et al., 2014; Rowe
& Getter, 2006; Shafique, Kim, & Rafiq, 2018;
Soulis et al., 2017)

Water system (Irrigation and drainage)
- Filter membrane
Building structure
- Roof slopes
- Age of building
- Building heights
- Load-bearing capacity
Socioeconomic factors

Social
Public awareness

(Berardi et al., 2014; Shafique, Kim, & Rafiq,
2018)
(Rowe & Getter, 2006; Shafique, Kim, & Rafiq,
2018)
(Shin & Kim, 2015; Soulis et al., 2017)
(Shafique, Kim, & Rafiq, 2018; ZambranoPrado et al., 2021)
(Calheiros & Stefanakis, 2021; Sarwar &
Alsaggaf, 2020; Zakeri & Mahdiyar, 2020;
Zambrano-Prado et al., 2021)

Economic
Willingness to pay
- Maintenance cost
- Installation cost
Legal
Guidelines and standardisation
Subsidy
Regulation

(Calheiros & Stefanakis, 2021; Kuller et al.,
2017a; Sarwar & Alsaggaf, 2020; Shafique,
Kim, & Rafiq, 2018)
(Berardi et al., 2014; Calheiros & Stefanakis,
2021; Mees et al., 2013)

Technical Factors
As seen in Table 2., environmental and technological factors fall into this category. Both
environmental and technological factors are interrelated in determining green roofs'
hydrological performance. This performance is mainly calculated from the rainfall depth
retained and the runoff release rate (Teotónio et al., 2021).
First, in the environmental category, most studies agreed that climate condition is imperative
in the green roofs study (Akther et al., 2018; Speak et al., 2013). Akther et al. (2018) found that
green roofs behave differently in five climatic groups (tropical, dry arid and semi-arid,
temperate, continental, and polar), the stormwater retention rate is argued to be higher in a
tropical and dry arid compared to others. Moreover, climate conditions significantly impact
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plant selection; only drought-tolerant plants can survive under extreme temperatures (Rowe
& Getter, 2006). The season and rainfall pattern also affects the retention performance. A study
of intensive green roofs conducted in the UK concluded that the retention values are much
higher during summer due to increased evapotranspiration rates (Speak et al., 2013). As for
the rainfall pattern, a study in Sweden found that the lower the rainfall intensity, the larger the
retention rate (Villarreal et al., 2004).
However, the hydrological performance of green roofs on the city's water system implies
analysis at the proper spatial scale (Carter & Jackson, 2007). Most studies have focused on
analysing green roofs performance on a roof-scale under a 'controlled condition' (Shin & Kim,
2015). However, Shin & Kim (2015) argued that the result of these studies is 'insufficient' to
claim the benefit of green roofs on a wide scale in a complex urban environment. This is
because, on a city level, external factors also influence the performance significantly, e.g., the
extension of impervious surfaces, the access to green space, and the existing drainage system.
Accordingly, Yao et al. (2020) pointed out that analysing urban forms is vital in deciding which
areas should be prioritised and how green roofs could perform. In this regard, Grunwald et al.
(2017) argued that area with the highest impervious surfaces, such as the city centre, benefits
most from green roofs intervention as it helps manage runoff. This is in line with Diwangkari’s
previous argument that the more compact a neighbourhood, the more vulnerable it is to
climate-related disasters (Diwangkari, 2018), and thus the higher its need for GI intervention.
Second, the technological category is much related to the factors that pertain to green roofs
construction. Many researchers suggested technical aspects such as design (roof slopes),
drainage and irrigation system, and building structure as the first point to start in planning
green roofs (Akther et al., 2018; Berardi et al., 2014; Rowe & Getter, 2006; Shafique, Kim, &
Rafiq, 2018). So far, rooftop weight has been identified as the most significant barrier in green
roof retrofitting, especially on old buildings (Shafique, Kim, & Rafiq, 2018; Zambrano-Prado et
al., 2021). Due to their heavy weight, Shin & Kim (2015) argued that the installation of intensive
and semi-intensive types needs to be defined in the building design stage, therefore, these
types are most suitable for new buildings. Other researchers also highlighted that plant
selection and soil composition play a significant role in absorbing runoff (Berardi et al., 2014;
Rowe & Getter, 2006; Soulis et al., 2017). Nagase & Dunnett (2012) studied 12 plant species
commonly used for extensive green roofs and concluded that different species have different
capacities in retaining water, with grasses being described as the most effective.
Socioeconomic Factors
Some studies have emphasised the importance of understanding green roofs barriers from
social and economic perspectives. Socioeconomic factors are divided into social, economic,
and legal categories (see Table 2.). Social acceptance has been identified as the most
significant driver in mainstreaming green infrastructure (Dhakal & Chevalier, 2017). High social
acceptance has multiple impacts. It will: 1) encourage the government to formulate regulations
that pro to GI, 2) incorporate GI into the planning and engineering standards, 3) foster markets
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and promote GI stewardship. Social acceptance can be enhanced by investing in human
capital, e.g., public awareness of GI adoption. In line with this, Zakeri & Mahdiyar (2020) also
stated that public awareness plays a crucial role in green roofs development. Nevertheless,
there are still hindrances in raising public awareness, such as a lack of knowledge regarding
the costs and benefits from the stakeholders.
Much research related to green roofs mentioned the high initial and maintenance cost of a
green roof as one of the socioeconomic barriers. Therefore, implementation of green roofs is
generally conducted along with funding or subsidy schemes (Viola et al., 2017). Sarwar &
Alsaggaf (2020) studied the perception of green roofs in Pakistan and found that the
willingness to adopt green roofs can also be increased by spreading awareness about this
technology. Compared to conventional roofs, green roofs may increase roofs' life span up to
40 years, reducing future maintenance costs (Calheiros & Stefanakis, 2021). Zakeri & Mahdiyar
(2020) argued that ensuring the stakeholders know about the life cycle cost of green roofs
could be more effective in increasing their willingness to adopt GR rather than solely providing
financial incentives.
To increase social acceptance, the role of governmental bodies is essential: "authorities need
to acknowledge green rooftops as a viable and sustainable development decision" (Sarwar &
Alsaggaf, 2020, p. 25711). Most cities with high implementation rates use hierarchical
arrangements early, meaning local authorities are accountable for making green roofs
accessible for the public through supported regulation (Mees et al., 2013). Nevertheless,
policymakers often face scepticism on whether green roofs can perform better than
conventional practices (Copeland, 2013). Many architects and engineers are also hesitant to
apply green roofs due to the lack of information regarding the performance of green roofs,
availability of green roofs material, and expertise in constructing green roofs (Hendricks &
Calkins, 2006; Shafique, Kim, & Rafiq, 2018). The implementation also becomes difficult if a city
does not have guidelines or standards yet (Calheiros & Stefanakis, 2021). Sangkakool et al.
(2018) described this condition in Thailand as a lack of facilitating factors, where the lack of
subsidies and awareness (knowledge & expertise) become the significant adoption barriers.
2.3. Operationalisation
Green roofs are one of the GI components that can manage stormwater effectively.
Implementing green roofs as an adaptation measure in the Flood Risk Management (FRM) can
thus increase the city's flood resilience and shift the framework from engineering to system
resilience. On a widescale application, this could also transform the city's water management
entirely if combined with other measures (e.g., bioswales, green walls) and turn into 'complex
adaptive resilience.
Below the framework for this research is presented (Figure 6.). This research will be conducted
on a district scale and target residents living in Jakarta's flood-prone areas. First, two main
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factors determine the feasibility of green roofs implementation in the city: technical and
socioeconomic. However, it is important to denote that these factors need to be adapted to
the local context because: 1) green roofs implementation is case-sensitive, 2) the concept of
resilience should acknowledge social dynamics. Second, the contribution of green roofs to
increase flood resilience was observed and analysed from its hydrological performance point
of view through flood risk assessment, in which hazard, exposure, and vulnerability factors are
considered.

Figure 6 Research framework

This research aims to identify the potential of green roofs as alternative measures that can
enrich the FRM in Jakarta by 1) exploring the applicability of green roofs from technical and
socioeconomic aspects and 2) the impact on flood-prone areas. As seen in Figure 6., there are
two stages in this study. In the beginning, related datasets were collected and categorised into
technical and socioeconomic factors. These factors were later consulted with the stakeholders
(public actors, private actors, and users) to suit the case in Jakarta. Suitability analysis was
subsequently conducted to determine the potential for retrofitting green roofs on a widescale.
Lastly, a flood risk assessment was performed to look at the impact of green roofs on flood
risk levels.
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CHAPTER 03

Research
Questions

Chapter 3

Research Questions

3.1. Research Questions
Following the theoretical framework, the main research question was formulated as:
"What is the potential of green roofs to increase flood resilience in Jakarta?"
The potential here was interpreted as the opportunity for green roofs to be applied on a large
scale given two influential factors mentioned above and the ability of green roofs to reduce
runoff in an urban area. The analysis was conducted on a district scale, where the chosen
district demonstrates the need for green roofs and is prone to flooding issues in Jakarta. Thus,
the result and approach can also be extrapolated to other areas. These concerns are captured
in these three specific research questions:
1. Given the technical factors, which areas hold the highest potential for green roof
construction in Jakarta?
Most technical factors were tangible; therefore, the applicability and the possibility of
green roofs construction is more apparent. The potential area thus is translated as the
area with the highest possibility of green roofs construction technically, and what are
the characters that create this ‘enabling’ environment.
2. Given the socioeconomic factors, which areas hold the highest social acceptance
towards green roofs? How do users perceive and relate to green roofs adoption?
Socioeconomic factors include intangible factors such as awareness and willingness of
users, and therefore has a different approach than the technical one. The highest
potential is defined as the area with the highest acceptance towards green roofs
adoption.
3. What effect does green roofs adoption have on flood susceptibility in Jakarta?
Lastly, the hydrological performance of green roofs is measured through flood risk
assessment to show the potential impact of green roofs on flood-prone areas.
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CHAPTER 04

Methodology

Chapter 4

Methodology

This chapter introduces the methodology used in this study. It starts with describing the
research design and case study in which a specific site is selected in Jakarta. This is followed
by explaining the data collection and analysis method; they are structured according to the
SRQs mentioned in the previous chapter. Lastly, issues related to reliability and validity are
reflected in the end.
4.1. Research Design
This thesis employs an exploratory design using mixed methods to comprehensively assess
the potential of green roofs, accounting for technical and socioeconomic factors. Many studies
have revealed the potential of green roofs implementation on a wide scale in mainly developed
countries; however, not much has been done to investigate the possibility of applying green
roofs in developing countries to tackle flood-related issues. This question thus can be
answered through exploratory research design, which is often used to gain a better
understanding of a problem that is not clear yet (Swedberg, 2020).
Quantitative and qualitative tools were utilised as the applicability of green roofs is multidimensional and touches upon various aspects. Therefore, it is crucial in this initial study to
understand the potential from multiple perspectives to gain more holistic output. The
quantitative method was mainly used to assess green roofs' technical and socioeconomic
suitability factors in the study area. On the other hand, the qualitative method was chosen: 1)
to explore the criteria and their relative importance within the suitability factors, and 2) collect
some data on socioeconomic factors, as such data are difficult to find in Jakarta and tend to
be more open and context-specific. Nevertheless, all these data were made spatially explicit
and were combined to generate a green roofs suitability map. Area with high suitability has a
higher opportunity for green roofs implementation and, therefore, is potential for green roofs
development.
A case study is chosen to better illustrate green roofs' applicability in urban areas. Case study
research aims to get an up-close or in-depth understanding of a single case (contemporary
phenomenon) in a real-world setting. This kind of study is often used in the initial stage to
generate 'hypotheses' (Flyvbjerg, 2006). As green roofs research in developing countries is still
reasonably limited, using a case study thus could become a starting point for adopting green
roofs widely in order to diversify flood adaptation measures. Further description of the case
will be elaborated on below.
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4.2. Case study
Jakarta, the capital city of Indonesia, consists of 5 city administrations and 42 districts. It has
an area of 662.33 km2 with a population density of 15,900 people/km2 (BPS Provinsi Jakarta,
2020). By 2035, the population is estimated to be 13.68 million people, making it one of the
most populous cities in the world (World Population Review, 2022).
Sited in the coastal area of Java, it is widely known that Jakarta had suffered from seasonal
flooding way before the city itself was officially established. This is, first, due to its geographical
location. Jakarta is located on a low ground level and is being traversed by 14 rivers from the
upstream area (Figure 1.). This means the risk of (natural) flooding is inevitably high, especially
during the wet season when Jakarta experienced major flood disasters that led to severe
environmental, economic, and social damage (Caljouw et al., 2005)
Furthermore, with the limited space available, the population growth will cause a significant
increase in land use modifications where the current water infrastructure could be at stake.
This can be seen from the decreasing number of green spaces and permeable surfaces in the
city, which affect the cities' ability to manage water runoff (Syahirani & Ellisa, 2021). In addition,
the high rainfall frequency in a short period has increased by 5-16% from 2005-2019 (Farid et
al., 2021). However, the current drainage capacity is incapable of accommodating this burden.
So far, the mitigation measures related to this issue mainly focus on installing large-scale
infrastructures such as sea walls, river barriers, dikes, and canals (Rahmayanti, 2021). Green
infrastructure has not been explored much apart from green open spaces. Moreover, there are
not many studies and applications related to the use of GI in other forms to manage
stormwater.
Site Selection
The analyses performed in this study focused on a district within the larger city because some
factors (e.g., access to drainage, building function) are better analysed from this scale. Due to
time constraints and data availability, a criteria-based assessment is presented below to
determine the study area with a high 'need' of green roofs regarding flooding (Table 3.).
Table 3 Criteria list to select an area with the highest need of green roofs
Criteria

Indicator

Sources

Urban density

High density - Less permeable surfaces

(Syahirani & Ellisa, 2021)

Green spaces

A low number of green spaces

(Ekaputra, 2012)

Flood prone area

Experience frequent flood

(Farid et al., 2021)

Following the assessment above, Kramat Jati, in East Jakarta, was selected as the most suitable
district for this study. Kramat Jati has an area of 13 km2 with a population of 298,123, and a
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density of 22,933 people/km2 (BPS Jakarta Timur, 2020). This district is being crossed by the
Ciliwung river and has a high precipitation rate during wet seasons (an average of 227.8 mm).
Moreover, green spaces are quite limited in this area; only five public parks are found. These
parks serve as public spaces for children and are part of the governor’s plan to provide a childfriendly space in each village (Permanasari et al., 2019). All of them have differing quality of
size and accessibility. Most of them function as playgrounds and have an area of a minimum
of 750 m2. They are located in a residential area and thus are difficult to access from the main
road.
Kramat Jati consists of seven villages (Kramat Jati, Batuampar, Balekambang, Kampung
Tengah, Dukuh, Cawang, and Cililitan) and 640 Neighbourhoods. Among these villages, Batu
Ampar is the largest village in Kramat Jati and one of the worst-hit village by floods in 20192020 (BNPB, 2020). As it was difficult and time-consuming to gain data for the whole district,
purposive sampling was conducted. This study tried to delineate green roofs potential in this
district by taking Batu Ampar as the sampling frame. This is because this village possesses
specific characteristics that are analytically relevant: 1) the largest village in Kramat Jati, 2) the
area within the district most impacted by floods.

Figure 7 Study area
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Batu Ampar has a population of 53,797 and an area of 2.49 km2 consisting of 6
neighbourhoods (RW) and 86 community groups (RT) (BPS Jakarta Timur, 2020). A buffer of
0.5 km around the district was also included in the spatial analysis to ensure that essential
geographical features, e.g., river, were included and avoid any boundary effect (Figure 7.).
Figure 8. shows a detail of the study area. This area consists of 8 different villages: Batu Ampar,
Bale Kambang, Cililitan, Gedong, Kampung Tengah, Kramat Jati, Pejaten Timur, and Rawajati.
It is divided by two main artery roads: Raya Bogor Street (East) and Condet Raya Street (West)
and crossed by two streams from the Ciliwung river (OSM, n.d.). In terms of land use, the
central area is dominated by residential function, often known as Kampung (traditional
Indonesian neighbourhood), whereas commercial businesses are dispersed along the main
roads.

Figure 8 Study area (Left), Villages and neighbourhood’s boundary (Right)

4.3. Methodology
This research mainly explored the potential of green roofs by conducting a suitability study
using spatial analysis. This study utilised SSANTO (Spatial Suitability Analysis Tool) as an
approach to generate a suitability map that will show the potential of implementing green
roofs in a specific location (Kuller et al., 2019). SSANTO is a framework designed to define
location's suitability for Water Sensitive Urban Design (WSUD) implementation using the GISMCDA method, combining 'opportunity' with spatial 'needs' assessment. This approach was
chosen due to 1) its broad scope (using urban context and considering both technical and
socioeconomic factors), 2) its ability to visualise the result explicitly (Kuller et al., 2019).
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However, SSANTO framework's scope is quite broad as it assesses the suitability of multiple
instruments in WSUD based on various needs. Therefore, it was not used straightforwardly,
and few modifications on the technical and socioeconomic factors were implied to suit the
context of this research. In this study, 'need' was defined as the area benefitting most from
green roofs implementation (Table 3.) and therefore was considered to determine the study
area. On the other hand, 'opportunity' was the most applicable area for green roofs
considering the technical and socioeconomic factors.
Overall, this research applied two main methods: GIS-Multi Criteria Decision Analysis (MCDA)
and Analytical Hierarchical Process (AHP). GIS-MCDA was applied in this study to assess 1)
green roofs potential from technical and socioeconomic factors in Jakarta, 2) flood
susceptibility level. This method was chosen because of its capability to integrate multiple
perspectives and was often used to assess the suitability of a location for specific purposes
(Kuller et al., 2019). However, this approach is typically 'data-hungry' (Kuller et al., 2019).
Acquiring appropriate data, such as structural load and building age, might be challenging in
Jakarta. Therefore, a proxy can be used as an alternative.
However, it is first and foremost essential to fit the criteria into Jakarta context. Thus, a Focus
Group Discussion (FGD) with the stakeholders was subsequently conducted. Additionally, a
survey was distributed to the residents to collect socioeconomic data related to green roofs
currently unavailable in Jakarta. AHP was utilised to determine the weight of each attribute
according to the stakeholders, as they may have different levels of relative importance. The
input maps were standardised using a mid-value function to create commensurate attributes
and were combined using Weighted Linear Combination (WLC) technique which is widely
applied in the GIS-based decision rules process for suitability analysis, site selection and
evaluation (Jacek Malczewski, 2006a). The combination rules in the WLC model worked
following this equation (Eq.1):
S = ∑wixi . ∏cj

(1)

WLC model includes three main elements: criteria weighting (wi), criterion score of factors i (xi)
and cj criterion score of the constraint j. S is the overall value (represented in raster cells).
Lastly, a sensitivity analysis was performed to measure the reliability of the results if the criteria
weights were changed. In doing these methods, two software were utilised: ArcGIS and Google
Earth. Explanation of the methodology was structured following the research flow below
(Figure 9.).
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Figure 9 Research flow

4.4. Data Collection & Analysis
Following Figure 8., the research flow was structured according to a two-stage study design.
The first phase focused on the data collection process. The second phase involved analysing
the data collected and was conducted in two steps: 1) preliminary data analysis 2) spatial
analysis. The first analysis aimed to process the primary data such as survey and Focus Group
Discussion (FGD) and would be used as the inputs for the spatial analysis. The second one was
the spatial analysis using GIS-MCDA and was critical as it was applied to answer all three
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research questions. In the end, the spatial quality of the results was tested by using sensitivity
analysis. A summary of this process can be seen in Table 4.
Table 4 Overview of data collection and analysis
Item

Method(s)
Data Collection

Data Analysis
1

Preliminary stage

Focus Group Discussion

SRQ 1

Results from FGD-AHP

2

AHP
GIS-MCDA

Literature review
SRQ 2

Results from FGD-AHP

SRQ 3

GIS-MCDA

Survey (Likert scales)

Descriptive statistics

Results from SRQ 1 &

GIS-MCDA (SRQ 1 +

SRQ 2

SRQ 2)

GIS-MCDA

Literature review
Sensitivity Analysis

Results from SRQ 1 &

One-At-Time (OAT) in

SRQ 2 (suitability maps)

GIS-MCDA

4.4.1. Preliminary stage: Focus Group Discussion (FGD) & Analytical Hierarchical Process (AHP)
Data Collection
An Online-Focus Group Discussion (FGD) with the stakeholders was conducted with the aim
to 1) assess the relevancy of each technical and socioeconomic factor affecting green roofs
applicability in Jakarta (and add new criteria if needed), 2) compare and weigh the importance
of each criterion as an input for the GIS-MCDA. FGD is frequently used as a technique in
qualitative approach to obtain data from a purposely selected group to understand
stakeholder's perception and value (O.Nyumba et al., 2018). The details of the participants
involved in this FGD can be seen in Table 5.
Table 5 Details of the participants in the FGD
Role

ID
KR

Background

Occupation

Architect with Green Professional
(GP) certificate

Architect

Private Actors

Criteria
has sufficient
knowledge of green
roofs, associated with

AA

Architecture Lecturer

Academician

green buildings
development

Infrastructure feasibility reviewer
SE

at Ministry of Public Works and
Housing

Public Actors
HS
JH
Users
RF

Rating

specialist

from

Green

Building Council Indonesia (GBCI)
Property executive at a private
developer in Jakarta
Batu Ampar's resident, and owns a
semi-intensive green roof

Civil servant

has sufficient

(Government)

knowledge of planning,

Professional (NonGovernment)
Developer

regulation, and flood
adaptation measures
Owner of building(s)
and has an interest in
green buildings or

Clients

green roofs
development

30

The FGD was conducted online due to the pandemic situation. A total of six participants with
various background was involved. Overall, the FGD took about 90 minutes, with the last 30
minutes was dedicated for AHP. It was recorded and conducted in Bahasa Indonesia but was
subsequently transcribed into English.
This discussion adopted semi-structured interviews with predetermined topics (see Appendix
1.). The semi-structured format is the most commonly used interview technique (DiCiccoBloom & Crabtree, 2006) and is widely applied in qualitative research due to its versatility and
flexibility (Kallio et al., 2016). This method allows mutual exchange between the interviewer
and participant and allows participants to express their opinions (Kallio et al., 2016). However,
previous knowledge of the research topic is required. Therefore, a literature review was
conducted prior to this discussion to gather the initial attributes and parameters related to
green roofs' technical and socioeconomic factors (Chapter 2.). A literature review allows the
researcher to have a new interpretation of old material and identify gaps in a particular
problem (Hart, 1998).
At the end of this discussion, the participants were asked to rank the relative importance of
the technical and socioeconomic factors (see Table 2.) on a scale between 1 to 9 (Table 6.) as
a part of the Analytical Hierarchical Process (AHP) (Saaty, 1987). AHP is a practical decision
approach to complex multiple criteria problems and is commonly used to extract the weights
for criteria for suitability analysis in GIS-MCDA/WLC (Malczewski, 2000). It works by employing
pair-wise comparisons to generate a matrix of relative rankings for each criterion. An example
of the AHP form can be seen in Appendix 2.
Table 6 The fundamental scale in Analytical Hierarchical Process (AHP) (Saaty, 1987)
Scale

Definition

Explanation

1

Equal importance

Two factors contribute equally

3

Moderate importance of one over

Experience and judgment favour one factor over

another

another

5

Essential or strong importance

Experience and judgment favour one factor over

7

Very strong importance

A factor is strongly favoured and dominant

9

Extreme importance

The evidence favouring one factor over another, and

another

considered the highest possible order
2,4,6,8

Intermediate values

In between scale, used only when compromise is
needed

Data Analysis
The spatial analysis was conducted following the GIS-MCDA method. In this process, the
influential factors in technical and socioeconomic categories were later referred to as
‘attributes’. Some attributes were redefined, modified, or eliminated. The reasons for these
changes were twofold. First, some factors interrelated with others (or the data sources) and
therefore were not independent. Second, according to the FGD, some were not relevant in
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Jakarta's context. Malczewski (2000) argued that attributes used in the GIS-MCDA need to be:
complete (cover relevant aspect), operational (meaningfully used), decomposable (can be
evaluated independently), non-redundant (avoid double counting). However, the last two
qualities are challenging to satisfy because, in the real world, some attributes are much more
likely to be correlated, especially in a condition where data may not be available or of poor
quality. Therefore, interaction analysis between attributes was also performed to anticipate
misleading results. As a result, only four technical attributes and three socioeconomic
attributes were chosen and used in further analysis.
The weight for each attribute was derived from the AHP results, where the relative weight
(eigenvector) and maximum eigenvalue (λmax) were calculated and validated following this
equation (Eq.2):
CI

=

CR

=

(λmax −n)
(n−1)
𝐶𝐼
𝑅𝐼

(2)

CI is the consistency index for each matrix, CR is the consistency ratio, and RI is random
consistency index (RI 4 = 0.89; 3 = 0.58) (Saaty, 1987). Both results for the technical (4 items)
and socioeconomic (3 items) attributes were tested and proven consistent (Appendix 3.).
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Table 7 Final technical and socioeconomic criteria
Attribute

Weight

Description

Levels

A. TECHNICAL CRITERIA
Environmental
Attribute
1

Access to drainage

27%

system

Drainage components (installed or

Office

located near the site) help manage

buildings

excessive runoff from green roofs.

Residential buildings

Certain

Other types of buildings

building

functions

have

&

commercial

infiltration well installed.
Attribute
2

Access to Green

21%

spaces

The proximity to green spaces affects

0-100 m

green roofs retention performance.

101- 400 m

The closer, the more runoff infiltrated.

>400 m

The age of a building affects the

Non-Historic buildings

structural load limitation. The older,

Historic buildings

Technological
Constraint

Building age

1

the weaker the structure.
Attribute

Building heights

16%

3

Attribute

Roof types

36%

4

Building heights affect the quality of

1 floor

the microclimate that determine

2-3 floors

green roofs performance. The lower,

4-5 floors

the better, with a maximum height of

5-10 floors

ten floors

>10 floors

Roof slopes and material affect the

Concrete floors

structural load. Green covers are

New-tile roofs

commonly applied on concrete roofs,

Old tile & Metal roofs

not tile roofs
B.SOCIOECONOMIC CRITERIA
Social
Attribute

Public awareness

58%

1

Knowledge about green roofs and

Very high

awareness towards the benefits of

High

green roofs

Moderate
Low
Very low

Economic
Attribute

Willingness to pay

20%

2

Willingness to pay for installation and

Very high

maintenance of green roofs

High
Moderate
Low
Very low

Legal
Attribute
3

Need for subsidy

22%

Need

financial

incentives

and

Very Low

and supported

supported regulation (e.g., standard,

Low

regulation

guidance) to install and maintain

Moderate

green roofs

High
Very High

Table 7. above shows the final attributes used to determine green roofs' potential. The bold
text in the level’s column indicates the preferable condition. Several factors in the technical
category were employed to set the context of the research (decision environment), such as
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season, climate condition, and type of green roofs. It is essential to understand that the
decision environment has the same value throughout the study area. Therefore, these factors
were not directly visible in the spatial analysis and were used later to measure green roofs'
overall impact.
4.4.2. Method for SRQ 1
Data Collection
SRQ 1 aims to analyse the suitability of green roofs from the technical side. The datasets
related to the technical criteria assessed on the selected site were collected to apply spatial
analysis. However, conducting such analysis requires data with a high accuracy that often is
unavailable or hard to obtain in Jakarta. Alternatively, a proxy was used. All data used in this
study are open access and free of charge; they were taken from the government platform
(Jakarta Satu) and Google Earth. The description of each attribute and its levels are elaborated
below:
A1 – Access to the drainage system
Access to a drainage system is defined as drainage components or networks in or around the
building that can help control excessive runoff from roofs, particularly during the wet season.
Many researchers argued that green roofs should be approached as a system to perform
effectively and thus need to be integrated into other runoff reduction measures (Shin & Kim,
2015). Additionally, this integration is critical to ensure that the water load is evenly distributed
to prevent structural failure and leaks.
Spatial data related to this is partly available. Therefore, a proxy was used in this case where
the drainage component refers to the vertical drainage (infiltration well) managed according
to the regulation of the governor of Jakarta (Pergub Jakarta No. 20 Tahun 2013). The office
and commercial buildings are mandated to install individual infiltration well, whereas the
residential buildings are required to have a shared one.
A2 - Access to green spaces
Another critical factor is access to green open spaces. Zhang et al. (2015) mentioned the
importance of urban green spaces in reducing rainwater runoff in a high-density area, and
some referred to it as ‘infiltration hotspots’ (Gillefalk et al., 2021). Having access to green
spaces thus will support green roofs installation. The excessive runoff can be directed from
green roofs to green spaces to avoid any inundation or additional burden to the local drainage.
The closer the building to green spaces (0-100 m), the better the access. Many metropolitan
cities, such as Vancouver and London, set 400 m as the maximum distance for green space to
be accessible (City of London, 2015; City of Vancouver, 2012).
C1 - Building Age
The age of a building greatly influences the technological aspect of green roofs. This aspect
relates to the building structure and permits. So far, data related to building age or
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construction period is not accessible for public use. Only a historical buildings map is available.
It is essential to understand that these buildings are protected and restricted to any
modification. Therefore, in this study, this map was used as a constraint.
A3 - Building heights
The building level affects the performance of the green roof. Joshi & Teller (2021) argued that
buildings with lower heights have a better ‘microclimate’ for plants to survive, thus impacting
biodiversity better. Buildings with more than five floors tend to experience stronger wind and
more intense sunlight. Moreover, the higher the buildings, the more maintenance and cost it
requires. In addition, most participants in the FGD agreed that more than ten floors are
generally not recommended for green roofs.
A4 - Roof types
Structural load limitation has been identified as the most significant barrier in green roof
retrofitting. Most research used LIDAR and DTM to determine the roofs’ structure (Velázquez
et al., 2019). However, such data are not available in Jakarta. Alternatively, satellite imagery
was chosen to identify roof types. This map was taken from Google Earth and processed using
supervised classification in GIS. The discussion concluded that flat concrete roofs are more
suitable for green roofs, whereas tile and metal roofs are not as they generally have light
structures. Many studies also recommend flat roofs as the ideal base for green roofs
(Brenneisen, 2006; Velázquez et al., 2019). However, some participants in the FGD argued that
not all sloped roofs are ineligible; the newer tile roofs have a better structural capacity than
the old ones.
Data Analysis
The datasets (xi) compiled above were analysed using GIS-MCDA. In GIS-MCDA, there are two
critical operations: value scaling and combination rules (Kuller et al., 2019). First, the value
scaling was conducted to ensure that the spatial datasets (xi) have common and comparable
units. Malczewski (2000) called this step ‘transformation procedure’ as it transforms the
different levels of an attribute of raw spatial data into a standardised attribute score. This step
is essential as it reflects the most or least appropriate circumstance for green roofs in Jakarta
according to the literature review and stakeholder’s preference. The standardisation used a
mid-value method with fuzzy logic (membership value range from 0 to 1). It is operated first
by defining the minimum (0.00) and maximum (1.00) of the attribute map, then the midpoint
(0.50). Additionally, quarter points can also be added. The maps thereupon were reclassified
and normalised, and the standardised score assigned was treated as interval, e.g., 0.00, 0.25,
0.50. Table 8. below shows the attributes coupled with their sources and standardised scores.
Second, the combination rules in this study used the WLC technique. The respective weights
(wi) were taken from the AHP. The criterion score of each attribute (xi) was taken from the
previous standardised score (Table 8.). Constraints (cj ) were applied on the map of the
historical buildings, which are not permitted for building modification. All attributes’ maps
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were multiplied by their respective weights and later were combined with the constraints to
generate the overall score – the final suitability map, ranging from 0 (least suitable) - 1.0 (most
suitable). The area with the highest suitability index has the highest technical potential for
retrofitting green roofs.
Table 8 Technical criteria with levels and standardised scores
Attribute

Weight

Description

Sources

Proxy

Levels

Standardised
Scores

A. TECHNICAL CRITERIA
Environmental
Attribute

Access to

27%

Drainage components

1

drainage

(installed or located

map

system

near the site) help

(Jakarta

manage

excessive

runoff

from

Land use

v

infiltration

well

1.00

buildings

Satu)

Residential

0.50

buildings

roofs. Certain building
have

&

commercial

green

functions

Office

Other types

0.00

installed.
Attribute
2

Access to

21%

The proximity to green

Green

0-100 m

1.00

Green

spaces affects green

spaces

101- 400 m

0.50

spaces

roofs

>400 m

0.00

Non-

1.00

retention

performance.

The

closer, the more runoff

map
(Jakarta
Satu)

infiltrated.
Technological
Constraint
1

Building

The age of a building

Historic

age

affects the structural

buildings

load

limitation.

The

older, the weaker the
structure.
Attribute

Building

3

heights

16%

Historic

map

buildings

(Jakarta

Historic

Satu)

Building heights affect
the

v

quality

1 floor

1.00

the

map

2-3 floors

0.75

that

(Jakarta

4-5 floors

0.50

Satu)

5-10 floors

0.25

>10 floors

0.00

Concrete

1.00

of

microclimate

0.00

buildings

determine green roofs
performance.

Zoning

The

lower, the better, with
a maximum height of
ten floors
Attribute

Roof

4

types

36%

Roof
material

slopes
affect

and

Google

the

Earth

v

roofs

structural load. Green

New-tile

covers are commonly

roofs

applied on concrete

Old tile &

roofs, not tile roofs

Metal roofs

0.50
0.00
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4.4.3. Method for SRQ 2
Data Collection
SRQ 2 aims to investigate green roofs' potential from a socioeconomic perspective. Similar to
SRQ1, the socioeconomic factors were derived from the literature review and adapted
according to the FGD results. The selected attributes in this category are elaborated below:
A1 – Public awareness
Public awareness is defined based on the people’s awareness of green roofs and perceived
benefits from an ecological, economic and social perspective. Many studies have concluded
that awareness is pivotal in fostering green roofs adoption (Hendricks & Calkins, 2006; Sarwar
& Alsaggaf, 2020; Yuliani et al., 2020b). However, there is a gap in knowledge and common
misconceptions about green roofs, e.g., users did not recognise green roofs (Hossain et al.,
2019a). Therefore, the higher the awareness, the more likely people will install green roofs.
A2 – Willingness to pay
The willingness to pay aims to identify the users’ perception towards green roofs from the
economic perspective. Yuliani et al. (2020) argued that in Indonesia, economic level affects
economic capacity but does not necessarily reflect the willingness of the community to adopt
green roofs. Zambrano-Prado et al. (2021) referred to a lack of engagement (and awareness)
as the reason for the minimal interest in investing in green roofs. Similarly, Sarwar & Alsaggaf
(2020) related this to the lack of sustainability consciousness that motivates people to spend
their money on green roofs. As many factors might be correlated to the level of willingness,
therefore, to measure this intrinsic motivation, the respondents were asked directly about their
willingness to pay for the installation and maintenance cost of green roofs given a hypothetical
calculation as an example. The higher the willingness, the more likely people are to bear the
cost of green roofs.
A3 – Need for subsidy and supported regulation
The last attribute in this factor is related to the need of users to gain financial support or
regulation that will encourage them to install or maintain green roofs. Given the high cost of
green roofs, a lack of financial incentive has been identified as a barrier to green roofs adoption
in many cities (Sangkakool et al., 2018; Teotónio et al., 2021; Wilkinson & Reed, 2009).
Currently, there are no subsidy schemes provided for green roofs in Jakarta. The only local
regulation found is about ‘green building’ implementation that specifically targets specialised
buildings and implicitly suggests the use of green roofs. In the FGD, it was discovered that
there was an attempt to create a standard for green roofs, but it still lacked compulsory
requirements or incentives. The higher the need, the less likely people are to adopt green roofs
voluntarily, and thus the lower the suitability for retrofitting green roofs.
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Clustering system and survey
Due to data availability, these socioeconomic variables were first collected through surveys.
However, to gain an overview of the social dynamic, the survey's results were extrapolated and
clustered into several groups based on a study of neighbourhood vulnerability to climate
change by Diwangkari (2018). A cross-reference was conducted using the classification of LCZ
and the Land-use map from Jakarta Satu (Table 9.). Five clusters were identified within site with
different levels of density and socioeconomic background (Table 10.). However, it is crucial to
understand that only the built-up area was considered in this clustering system as the aim is
to analyse green roofs' suitability.
Table 9 Cross-reference Land use and Local Climate Zones (adapted from Diwangkari,2018)
Code

Local Climate Zones (LCZ)

Land use dataset

OLR

Open low-rise

Planned house

CLR

Compact low-rise

High-density kampung

LLR

Lightweight low-rise

Low-density kampung

CMR

Compact mid-rise

Commercial business

CHR

Compact high-rise

Commercial business

CLR

Compact low-rise

Education public facility

OMR

Open mid-rise

Government facility
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Table 10 Clustering system in the study area
CLR

LLR

OLR

CMR

OMR

Compact Low-rise

Large Low-rise

Open Low-rise

Compact Mid-rise

Open Mid-rise

Urban form

Land use
(Diwangkari,
2018)
Zoning code

High density kampung

Medium density kampung

Planned house

Commercial business

Government Facility

R.2 - R.3

R.4

R.5

K.1 - K.2

K.1 - K.2

Description

Area: 60 m2 - 150 m2
Building type: row house; small
individual house
Road access: Alley

Area: 150 - 350 m2
Building type: row house; medium
individual house
Road access: Local Street and alley

Area: 150 - 350 m2
Building type: medium and large individual
house, gated community
Road access: Local Street; Minor road

Area: 60 - 350 m2
Building type: offices; shops
Road access: Minor road; Major road

Area: 60 - 350 m2
Building type: offices, schools, public market,
hospital
Road access: Minor road; Major road

Built types
(Stewart and Oke,
2012)
CLR

Dense mix of low-rise buildings (1-3
stories). Few or no trees. Land cover
mostly paved.
(High density)

Open arrangement of large low-rise
buildings (1-3 stories). Few or no trees.
Land cover mostly paved

Open arrangement of low-rise buildings
(1-3 stories). More pervious land cover (low
plants, scattered trees).
(Medium density)

Dense mix of low-rise and mid-rise
buildings. Few or no trees. Land cover
mostly paved.

Open arrangement of midrise buildings.
Abundance of pervious land cover (low
plants, scattered trees).
(Low density)

LLR

OLR

CMR

OMR

Due to the pandemic, the survey was conducted through online questionnaires and aimed to
measure the user's perception of green roofs based on the aforementioned attributes. A survey
technique is widely known for its ability to describe and explore social and psychological
phenomena (Ball, 2019). The questions were semi-structured, using a mixture of close-ended
and open questions following the topics in Table 11. In close-ended questions (17 items), the
respondents were asked to indicate their preferences towards green roofs based on a 5-point
Likert scale (1 least important - 5 strongly important). The Likert-type scale was chosen because
it is less time-consuming and easy to comprehend (Terh & Cao, 2018). Besides this, the
respondents were asked in open questions to provide their concerns and suggestions for
green roofs implementation.
Table 11 Survey topics
No
1
2

Topics
Introduction
Demographic

3

Building Condition

4

Public awareness

5

Willingness to pay

6

Need for subsidy and
regulation

Sub-topics
Research purpose and consent
Age, Gender, Education, Income
Address (Street and Postcode)
Building ownership
Roof's structure
Environmental awareness
Knowledge about green roof technology
Knowledge about the benefit of green roofs
Willingness to pay for green roofs installation
Willingness to pay for green roofs maintenance
Need of financial incentives
Need of supported regulation

The questionnaire was distributed across the study area, and 94 responses were received. Each
cluster at least has ten representatives. This is in line with what Guerra et al. (2016) referred to
about Likert-scale analysis for a group; the appropriate sample size (N) should be between 10
and 30. The sampling method was selective purposive sampling because 1) it targeted building
owners 2) the sampling points need to be distributed equally. Survey answers were coded and
divided into themes (attributes). Details of the survey can be seen in Appendix 4.
Data Analysis
The survey results were analysed using descriptive statistics, where the mean value for each
attribute was calculated and extrapolated to the cluster map. The mean approach is commonly
used in analysing Likert-scale data to give a quick overview of a group population. However,
there is a risk of the results being influenced by outliers (Guerra et al., 2016). In response to
this, a pre-test was conducted on 30 users to check the reliability and validity of the questions.
The outcomes were validated using Cronbach's Alpha and Pearson Correlation in SPSS
(Appendix 5.). Items with a low validity score were taken out or modified.
Similar to SRQ 1, socioeconomic data were standardised and combined following GIS-MCDA
procedures. First, value scaling was performed on the survey results using the mid-value
method, with a range of 0-1. Likewise, the minimum (0.00), maximum (1.00), and mid-point
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(0.50) scores of attribute maps were determined according to the literature review and
stakeholder’s inputs. The quarter points were added in all attributes because the range of levels
in the socioeconomic condition is quite broad. The value of attribute maps first was reclassified
according to the standardised score and was normalised. Lastly, all attributes were combined,
using WLC as combination rules to generate the suitability map. There were no constraints
identified in the analysis. Therefore, the attributes can be directly combined with the relative
weights taken from the AHP. The suitability output was generated with a score ranging from
0 (least suitable) to 1.0 (most suitable). The area with the highest suitability indicates the
highest social acceptance towards green roofs.
Table 12 Socioeconomic criteria with levels and standardised scores
Attribute

Weight

Description

Source

Proxy

Levels

Standardised
Scores

B. SOCIOECONOMIC CRITERIA
Social
Attribute
1

Public

58%

awareness

Knowledge about

Survey

5- Very high

1.00

green roofs and

4- High

0.75

awareness towards

3- Moderate

0.50

the benefits of

2- Low

0.25

green roofs

1- Very low

0.00

Economic
Attribute
2

Willingness

20%

to pay

Willingness to pay

5- Very high

1.00

for installation and

Survey

4- High

0.75

maintenance of

3- Moderate

0.50

green roofs

2- Low

0.25

1- Very low

0.00

Legal
Attribute
3

Need for

1- Very Low

1.00

subsidy and

22%

Need financial
incentives and

Survey

2- Low

0.75

supported

supported

3- Moderate

0.50

regulation

regulation (e.g.,

4- High

0.25

standard, guidance)

5- Very High

0.00

to install and
maintain green
roofs

4.4.4. Method for SRQ 3
Data Collection
SRQ 3 aims to investigate the impact of green roofs implementation on flood-prone areas in
Jakarta by generating a flood susceptibility map. The flood risk was assessed based on the
flood risk framework by Luu et al. (2020) (hazard, exposure and vulnerability) and simulated
under two scenarios: 1) without green roofs 2) with green roofs. The first scenario is based on
the existing condition in the study area, without any intervention to the roofscape. On the
other hand, the second one assumes that green roofs are applied in areas with the highest
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suitability index and is taken from the combined potential (technical and socioeconomic) of
green roofs. Both results from SRQ 1 and SRQ 2 were merged with the relative weights derived
from the AHP (Table 14.) to produce a combined-potential map.
Table 13 Relative weights of technical and socioeconomic factors for combined-potential map
No
1
2
3

Factors
Technical factor

Categories
Environmental

18%

Relative Weights
41%

Socioeconomic factor

Technology
Social

23%
12%

59%

Economy
Legal

23%
24%

4
5

The flood risk assessment method utilised GIS-MCDA (scoring and overlay method) and was
mainly based on data derived from Digital Elevation Model (DEM) (Swain et al., 2020; Pradhan,
2009; Nurharsono & Rosyidin, 2018). Following Luu et al. (2020), three attributes were
identified for this assessment:
A1 – Flood Hazard
Flood hazard is the potential harm of floods due to heavy rains in one location (Luu et al.,
2020). Identifying such an area requires highly accurate data that are hard to obtain in
developing countries like Indonesia. A spatial analysis using GIS-based on DEM data was
conducted following a method proposed by Wicht & Osinska-Skotak (2016), identifying flows
accumulated in each watershed. This study used 8 m DEM data that is available, provided by
the national government platform (DEMNAS) (Badan Informasi Geospasial, n.d.). Besides this,
weight raster maps were generated based on two scenarios: 1) existing conditions 2) if green
roofs are applied. The levels of attribute map used the classification (natural breaks) function
in GIS, where the smaller number of flows in a watershed indicates lower flood hazard.
Likewise, the more significant number of flows identified, the more prone the area to floods.
A2 – Flood Exposure
Flood exposure is defined as potential personal danger or property damage during flood
events (Luu et al., 2020). This attribute is closely linked to the number of people that are
potentially exposed to floods. The denser the neighbourhood, the larger the population and
thus more damage potentially induced by floods. According to the BPS (Central Bureau of
Statistics) of East Jakarta, the whole study area, on average, has a high population density. The
population density was derived from the population map by WorldPop with a resolution of
100 m, with the units being the number of people per pixel (Worldpop, 2020). The levels of
this attribute were determined through classification function (natural breaks). The higher the
number of people in a pixel, the higher the potential damage caused by floods.
A3 – Flood Vulnerability
Luu et al. (2020) described the vulnerability as the community's character that makes them
vulnerable to flood, for instance, socioeconomic conditions of users such as age, gender, and
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economy. Out of all, this attribute resonates most with the current condition in Jakarta that
describes the majority of people living in urban kampung constantly in peril. Data related to
the poverty rate was not available at a village or neighbourhood level; thus, a proxy was used.
This data was replaced by a slum settlement map identifying the severity level per village by
BPS Statistics of Provincial Jakarta (BPS Provinsi Jakarta, 2017). The more severed the slum
level, the more vulnerable it is to floods.
Data Analysis
In the beginning, a combined-potential map of green roofs was generated by integrating the
results from SRQ 1 and SRQ 2 with the relative weight in Table 13. A threshold of 0.75 was
applied to delineate the area with the highest potential for retrofitting green roofs. The
threshold was set relatively high as the aim is to identify the area with high potential from both
technical and socioeconomic perspectives that has a high prospect for green roofs
development; buildings are feasible technically, and users, in general, are positive towards
green roofs implementation.

Figure 10 Flood susceptibility model (Adapted from Luu et al., 2020)

Afterwards, the flood risk assessment was performed following the model above (Figure 10.).
The assessment method was based on a study by Wicht & Osinska-Skotak (2016) that
identified flood-prone areas in the city centre of Warsawa.
First, the flood hazard was computed using hydrological analysis in GIS, including flow
accumulation and flow direction calculation. In the flow accumulation step, the input was
weighted using the weight raster that reflected 1) the existing condition (scenario 1) and 2)
the infiltration capability of extensive green roofs if they are implemented (scenario 2). The
flood exposure was taken from the population density map, and the flood vulnerability was
generated from the slum settlement map in the study area
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Table 14 Runoff coefficient to generate weight raster
No
1

Runoff Coefficient

Source

Roofs
Sloped roofs
Tiled roofs

Type of surfaces

0.93

(Rahaman, 2021)

Metal roofs (Asbestos - Galvanized iron sheet)

0.95

(Ugai, 2016)

0.81 - 0.84

(Ugai, 2016)

0.85 - 0.96

(Rahaman, 2021)

Flat roofs
Concrete roofs

Extensive green roofs
2

Water

3

Road
Asphalt/Concrete Road

4

0.81

(Ugai, 2016)

0.85 - 0.92

(Rahaman, 2021)

0.35

(da Silva et al., 2020)

0

0.92

(Goh et al., 2017)

0.20

(Goh et al., 2017)

Green spaces
Park/Open spaces

The weight raster was generated based on the classification of surface types and its runoff
coefficient (Table 14.). The average runoff (% of total runoff - precipitation) for an extensive
green roof is assumed to be 60%, and non-greened roofs 81% (Mentens et al., 2006; Kim et
al., 2018). In tropical climates, the retention rate is much higher due to the high
evapotranspiration rate. In a green roof study in Rio de Janeiro, Brazil, the retention rate is 65%
(da Silva, 2020). For simplicity, in this study, the retention rate value for extensive green roofs
was assumed as 65%.
Second, these datasets were compiled and processed using GIS-MCDA. Value scaling was
performed using the mid-value method, in which the maximum and minimum score was first
defined, and then the mid-score. Each attribute map was assigned the same weight as many
studies emphasised the importance of accounting for all three factors in dealing with floods.
The flood risk assessment criteria can be seen in Table 15.
Lastly, the flood risk assessment results were classified into four classes (using manual breaks):
None/Very Low (≤0.25), Low (≤0.50), Moderate (≤0.75), High (≤1.00). The changes in the floodprone area were observed and calculated to show how much can green roofs reduce flood risk
in the study area.
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Table 15 Flood risk assessment criteria
Attribute

Weight

Description

Sources

Proxy

Levels

Standardised
Scores

FLOOD RISK CRITERIA
Hazard
Attribute
1

Flood-prone

33.3%

area

The

<31

1.00

accumulated

total

of
in

flows
each

DEMNAS

<23

0.75

watershed

identified

<16

0.50

from hydrology analysis.

<9

0.25

The higher the number,

<3

0.00

Very high

1.00

High

0.75

Moderate

0.50

Low

0.25

Very low

0.00

High

1.00

the

more

prone

to

floods.
Exposure
Attribute
2

Population

33.3%

density

The number of people

World

living in an area (per

Pop

pixel). The higher the

(2020)

number,

the

higher

potential damage.
Vulnerability
Attribute
3

Poverty rate

33.3%

The severity level of

BPS

slum areas. The more

Provincial

severed,

the

more

vulnerable to floods.

v

Medium

0.75

Jakarta

Low

0.50

(2017)

Very Low

0.25

None

0.00

4.4.5. Method for Sensitivity Analysis
A sensitivity analysis was performed using the One-at-Time (OAT) method, which analyses the
robustness of the GIS-MCDA by modifying the criteria weights (Chen et al., 2010). The purpose
of the SA procedure is to investigate how changes in criteria weights might impact the spatial
pattern in the final suitability outcomes. By doing this, it can help reduce uncertainty of the
GIS-MCDA model by 1) identifying the stability of the rankings if the weights are changed, and
2) visualising the spatial change in the suitability results.
Ideally, the simulation run is calculated based on the total number of criteria and the number
of increment of percent change (IPC) within a range of percent change (RPC); in which IPC is
plus or minus 1%. However, due to limited time and tools, the IPC was set higher (5%) and the
RPC was set to ±10%, thus the simulation only runs five times. The simulation run for technical
factors is coded as TT (Technical Test), in which out of five simulations, TT3 is the base run. On
the other hand, the simulation run for socioeconomic factors is coded as ST (Socioeconomic
Test) where ST3 is decided as the base run that contains the original weight.
The main changing attribute (cm) need to be decided as a base run. SRQ 1 analysis used ‘access
to drainage system’ as the base run, whereas SRQ 2 used ‘public awareness’. The weight of
this attribute was adjusted incrementally, following the IPC (increment of percent change).
Likewise, the weights of other attributes were adjusted proportionally. It is important to note
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that the sum of all weights (W(pc)) at any range of percent change (RPC) should equal to one.
It can be achieved by following this formula:
(3)

𝑊 (𝑝𝑐) = ∑𝑛𝑖=1 𝑊 (𝑐𝑖, 𝑝𝑐) = 1 , 𝑅𝑃𝐶𝑚𝑖𝑛 ≤ 𝑝𝑐 ≤ 𝑅𝑃𝐶𝑚𝑎𝑥

W (ci, pc) is the weight of the i attribute at a certain IPC level; n is the number of criteria, the
minimum and maximum values of RPC are RPC min and RPC max. The weight of the main
changing attribute at certain PC level (W(cm,pc)) can be determined from:
(4)

𝑊(𝑐𝑚, 𝑝𝑐) = 𝑊(𝑐𝑚, 0) + 𝑊(𝑐𝑚, 0) 𝑥 𝑝𝑐, 1 ≤ 𝑚 ≤ 𝑛

W (cm, 0) is defined as the weight of the main changing attribute at the first run. Other
attributes weights (W(ci,pc)) are adjusted along with W(cm,pc) following this equation:
𝑊 (𝑐𝑖, 𝑝𝑐) = ( 1 − 𝑊(𝑐𝑚, 𝑝𝑐)) 𝑥 𝑊(𝑐𝑖, 0)/ (1 − 𝑊(𝑐𝑚, 0)) ,

𝑖 ≠ 𝑚, 1 ≤ 𝑖 ≤ 𝑛

(5)

W (ci,0) is the weight of the i attribute at the base run.
Following this arrangement, a series of suitability maps and a summary table were computed.
A classification system was imposed on the results to better observe the changes caused by
the changing weights; S1 – highly suitable (0.75-1.00), S2 – moderately suitable (0.50-0.75), S3
– marginally suitable (0.25-0.50), N - unsuitable (0.00-0.25). By having these data, it is possible
to observe the number of cells located in each class through several simulation runs and if
there are changes within the overall ranking (e.g., in base run the largest class is S1, in +5%
the largest class is S2). Apart from this, it is also possible to identify which class that is most
sensitive to criteria weight changes.
4.5. Trustworthiness and Ethical Concerns
To the author's knowledge, there are many limitations on conducting green roofs suitability
studies under such a challenging context where green roofs study is still emerging, and related
data are quite limited. Moreover, this study relies heavily on the spatial analysis method as the
ambition is to represent the result in a 'practical' output under one platform. There is a threat
to the data validity and reliability, such as the indicators or proxies used might be
oversimplified due to limited data available. However, this research intends to provide holistic
but not exhaustive results as an initial step to study green roofs' potential.
Two main methods are utilised in this study: spatial analysis and survey. First, the data quality
is assessed to ensure the spatial data used are valid and reliable for this study. The spatial data
quality consists of data completeness, precision, and consistency. Here, the spatial data are
taken only from trusted sources (governmental bodies and trusted organisations, e.g., Open
Street map). The data displays using the same coordinate system were taken from at least a
similar time of the year and provided the same level of detailed information (district). Lastly,
to ensure its accuracy, the image quality preferred for the analysis showed minimal or no cloud
coverage and haze. A classification accuracy test was also conducted using a confusion matrix
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on the roof types of maps derived from Google Earth, where it was proven accurate overall
(86,2%) with a kappa coefficient of 0,80 (Appendix 6.).
Second, as for the survey, the questions with close-ended questions with a rating scale (Likerttype) aimed to focus directly on the objective, avoid unnecessary information and reduce
'survey' fatigue. The scale used is an odd number to make it easy to analyse. According to
Malczewski (2000), it is crucial to ensure that all participants have a common understanding
of the topic and the parameter used. Therefore, each factor was described briefly in the survey
to avoid misinterpretation of the questions. A sampling test was conducted in the beginning
to a few target respondents (30 respondents) to ensure the quality of the questions and
validated using Cronbach's Alpha and Pearson Correlation in SPSS (Appendix 5.). As green
roofs are considered a new topic in Jakarta, an explanation of the technology was provided at
the beginning of the survey to avoid misunderstandings.
In the beginning of the survey and focus group discussion, the respondents/participants were
asked for a consent and were explained the purpose of the study. To protect the respondents'
privacy, the respondents' identity was anonymized. The language for the questionnaire was
Bahasa Indonesia; however, the results were translated in English. The data will only be
accessible for this research purpose and not for public use.
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CHAPTER 05

Results

Chapter 5

Results

This chapter presents the results of suitability analysis of green roofs and flood risk assessment.
As previously explained in Chapter 1., factors affecting green roofs implementation can be
classified into: technical and socioeconomic. This chapter starts with depicting the potential of
green roofs from the technical (5.1) and later socioeconomic (5.2) perspectives. The end of this
chapter features a result of flood risk assessment by comparing two scenarios: 1) without green
roofs 2) with green roofs.
5.1. Technical green roofs' potential
SRQ 1: Given the technical factors, which areas hold the highest potential for green roofs
construction in Jakarta?
Green roof potential from a technical perspective is defined as the potential for implementing
(extensive) green roofs in the study area, given the technical factors presented in Table 8. The
suitability analysis was performed using the GIS-MCDA method (Chapter 4.). According to
technical concerns, the suitability values reflect the feasibility of green roof construction. The
spatial representation of this process can be seen in Figure 11.
Inputs and standardisation
Five criteria are chosen based on a recent study of the technical aspect of green roofs and data
availability in Jakarta. They are access to a drainage system, access to green spaces, building
heights, roof types, and building age.
First, access to a drainage system can be identified from vertical drainages, such as infiltration
wells in a building. As shown in map 1 in Figure 11., this site is dominated primarily by the
residential function where such areas are encouraged to install communal infiltration well by
the local government. Assuming that each neighbourhood at least owns one, it is essential to
note that the capacity of a shared drainage component is often limited. Therefore, residential
areas were given a mid-score due to this limiting condition. On the other hand, areas with a
maximum level are occupied mainly by offices and commercial areas and dispersed along two
main roads, Condet Raya street and Raya Bogor Street. Such buildings are mandated to install
individual vertical drainage. Additionally, as they are located along the main street, they also
have better access to the city's combined sewer system.
Second, green open spaces are limited and not evenly distributed throughout the study area.
The majority of green spaces are inaccessible and situated along the river on the Westside.
Some public parks (RPTRA) are found around the central area and are primarily located on the
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southern side of Batu Ampar village. This condition explains why the areas in the South have
better accessibility to green spaces than others. According to the city's regulation, each village
is ordered to possess at least one public park as a part of the greening program (Rustanto &
Akhmad, 2020). However, compared to the village size, such green space is relatively small and
located quite far. For instance, some high-density neighbourhoods in the Northern part of
Batu Ampar fall under ‘more than 400 m’ category as very few green spaces are nearby. In
contrast, the planned housing complex, an area with a low-density neighbourhood, gain
relatively high accessibility level as they commonly possess private parks.
Similar to the first attribute, most areas gained the maximum level for the building heights
criterion. The majority scores were relatively high because the study area is dominated
primarily by low-rise buildings. The residential area commonly has 1-3 floors, and therefore
more feasible for green roofs application. On the other hand, other functions such as offices,
commercial business, and government facilities tend to have more than three floors (mid-rise).
On such heights, green roofs become more difficult and costly to install and maintain.
Therefore, areas dominated by mid-rise buildings generally gain mid-score. However, there
are two types of commercial areas identified on this site. The commercial areas along Condet
Raya Street, the western part of the site, are dominated by low-rise, whereas buildings along
Raya Bogor Street are typically mid-rise. Even though both serve the same function, they have
different suitability levels for green roofs.
In terms of roof types, it is common for houses in Jakarta to use tiles as roofing material with
sloped roof structures. As land use in this area is primarily residential, most buildings are
identified using roof tiles. Therefore, they are generally not suitable for green roofs and thus
score low in the value function. However, the new housing complexes- indicated with new-tile
roofs-are assumed to have better structures than the old ones. These buildings are given a
mid-score. Few exceptions are also shown in map 4 (Figure 11.). Some buildings have flat roofs
that are considered ideal for retrofitting green roofs. The area with this kind of roof can be
seen dispersed along the two main roads, and they primarily function as a government facility,
commercial and business areas. Metal roof types are often found in government facility
buildings, e.g., dorms, sports halls. These buildings typically have a light structure; thus, they
are given the lowest score.
Lastly, data related to building age is not yet available in Jakarta. Alternatively, information
about heritage buildings was chosen. On this site, historical buildings are found in two different
areas, namely: Rumah Tradisional Betawi (Betawi traditional house) on the Westside (Batu
Ampar) and Rumah Cilitan Besar (Colonial house) on East Side (Cililitan). Both buildings fall
under the protection of Heritage Building Regulation and cannot be modified; therefore, they
were excluded at the beginning of the analysis.
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Apart from the attribute maps, Figure 11. also presents the standardised maps of each attribute
derived from the mid-value function operation. These maps were classified based on the
maximum (100), mid-point (50), and minimum (0) levels (Table 8) according to the literature
review and stakeholder’s preference. After that, these maps were normalized to gain
comparable units using fuzzy sets (0.00 - 1.00). However, a different normalisation approach
was applied on the access to green spaces map as this map has continuous data.
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Figure 11 Technical green roofs’ suitability analysis
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Suitability analysis
After the standardisation, weights were assigned to these attribute maps based on
stakeholders' preferences in AHP (Table 8.). These maps were later aggregated to produce a
suitability map (Figure 11.). The most suitable locations are indicated as blue, and the least are
red.
As shown in Figure 11., it is pretty apparent that most buildings in the study area have a low
to average overall suitability, as indicated by the dominance of red to green colour on the
map. Only a few buildings have a high potential for green roof retrofitting and are sparsely
distributed. If a threshold of 0.75 was applied on this map, the area eligible for constructing
extensive green roofs is estimated at only 50 Ha or 13,1% of the total roof area (381.57 ha).
86,8% of the study area fall under low to moderate suitability. A detailed description of this
result is elaborated following the Highlight below.
In highlight A (Figure 12.), buildings with high potential are situated along the main artery road
(Raya Bogor Street). This area is occupied mainly by commercial businesses and government
facilities. As shown in detail (Figure 11.), the shopping centre (Lippo Kramat Jati) has high
suitability for retrofitting green roofs. It has a large concrete flat roof combined with metal
roofs, which indicate a strong building structure. Moreover, green spaces can be seen nearby.
On such a function and strategic location, the buildings have better access to green spaces
and better drainage systems as they are mandated to install individual infiltration well.
Moreover, these buildings typically have flat concrete roofs, an ideal structure for constructing
green roofs. Therefore, the area with these buildings is more likely to provide a higher
opportunity for green roofs implementation than other functions.

Figure 12 Details on highlight A
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In highlight B (Figure 13.), many buildings in this area are not suitable for green roofs as shown
by their overall minimum score. This area serves primarily as a residential area and is mainly
occupied by small low-rise buildings with high compactness. Most residential areas in Batu
Ampar are identified as "urban kampung" (traditional housing complex) with a medium to high
density. A distinct feature of urban kampung is seen from the road network dominated by
alleys located arbitrarily. In such a densely populated area, there is a limited access to green
open spaces. As a result, the infiltration area is lacking. This makes installing green roofs more
complex. Moreover, the typical roof type for such residential areas is highly dominated by
sloped roofs with tiles material that are not ideal for green roofs. The roof types are critical as
they are considered the most important criteria in the technical factors. Due to the structural
load, retrofitting to green roofs will require a total modification of the current roofs. Therefore,
in terms of technical, many residential areas gain a low score compared to other land use (see
map 4 in Figure 11).

Figure 13 Details on highlight B

There are also places with more mix and diverse potential for green roofs, as seen in Highlight
C (Figure 11.). It appears that the closer the building to the main road (Condet Raya Street and
Bogor Raya Street), the higher the opportunity for retrofitting green roofs (Figure 14.). This is
because most buildings in this area are typically for commercial and business use. Accordingly,
in most cases, the building's profile is suitable for green roofs. Due to the high compactness,
some commercial business or government facility buildings are not centralised. In many cases,
such buildings are found in between the neighbourhood, e.g., local schools or local hospitals.
This clarifies the sparse distribution of areas with high suitability levels. Besides, it is necessary
to acknowledge that not all residential buildings have a low overall result; some
neighbourhoods hold a better opportunity towards green roofs, such as newly built housing
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complexes or planned houses complexes. They are in a less dense area and have better
structural and roof circumstances, that being the case, they have a higher prospect for green
roofs.

Figure 14 Details on highlight C

5.2. Socioeconomic green roofs' potential
SRQ 2: Given the socioeconomic factors, which areas hold the highest social acceptance towards
green roofs? How do users perceive and relate to green roofs adoption?
The socioeconomic potential is determined from the level of acceptance for green roofs
adoption, given the socioeconomic factors as suitability criteria (as described in Table 9.).
Similar to 5.1, a suitability analysis was conducted using the GIS-MCDA method.
Inputs and standardisation
Three attributes were considered: public awareness, willingness to pay, and need for subsidy
and supported regulation. The value for these attributes maps was derived from the survey
results and was given a standardised score based on Table 12. The survey responses were
analysed using descriptive statistics to gain mean scores per attribute and cluster groups.
These scores were aggregated with the cluster map and assigned to five cluster groups (CLR,
LLR, OLR, CMR, and OMR). The non-built area such as green spaces, lakes, and rivers was also
categorised in the cluster map as NBA (non-built area). There is no raw criteria value presented
on the attribute maps (as input maps) as the standardisation was computed on the survey
results beforehand. An overview of the survey results can be seen in Table 16.
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Table 16 Survey results and standardised score per cluster group
Attributes

CLR
Mean
4.0

Score
0.75

LLR
Mean Score
4.30
0.75

OLR
Mean Score
4.30
0.75

CMR
Mean Score
4.10
0.75

OMR
Mean Score
4.40
0.75

1

Public
awareness

2

Willingness to
pay

3.2

0.50

3.60

0.75

3.70

0.75

3.40

0.50

3.70

0.75

3

Need
for
subsidy and
supported
regulation

4.2

0.25

4.70

0.00

4.40

0.25

4.50

0.25

1.40

1.00

As shown in the cluster map (Figure 15.), the distribution of the clusters is uneven. The study
area is dominated by high-density kampung (CLR). Many works of literature define CLR as the
space of the informal with poor infrastructure (Padawangi & Douglass, 2015). Despite this, all
clusters, including kampung, gain a relatively positive response towards green roofs
implementation (Table 16.). Even though their socioeconomic background varied (see
Appendix 7.), the result suggests that little difference was observed between each cluster.
However, it is still essential to look at how these clusters respond to socioeconomic issues
related to green roofs: public awareness, willingness to pay, and need for subsidy and
supported regulation. These will be elaborated further on below.

Figure 15 Clustering system
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First, as shown in Table 16., all clusters group generally have a high awareness of the benefits
of green roofs, even though most of them have difficulties distinguishing common types of
green roofs. Overall, survey results have shown that 21% of them are not familiar with green
roofs, 37% know about it, and the rest are aware but unsure about what it means (Figure 16.).
In the FGD, all participants acknowledged that most people usually referred to green roofs as
Taman Atap or 'Rooftop Garden' with vegetation type similar to semi-intensive green roofs.
Therefore, they relate to green roofs as having a garden with small plants installed on the roof.

FAMILIARITY WITH GREEN ROOFS
21%
37%

No
Partially yes

Yes

42%
Figure 16 Familiarity with green roofs in general

This perception makes its numerous benefits easier to understand. However, from a technical
perspective, it seems to be overly simplified. For instance, placing planter box on the roofs are
enough to claim that they own a 'green roof'. Other components such as irrigation and
drainage system are often overlooked. It can be concluded that there is a discrepancy in the
green roof’s knowledge between local perspectives and what is commonly described in the
literature.

Interest to Adopt Green Roofs
4%

10%

33%

8%

Strongly disagree
Disagree
Neutral
Agree
Strongly Agree

45%
Figure 17 Interest to adopt green roofs
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Secondly, the willingness to pay for installation and willingness is pretty high on most clusters.
As shown in Figure 17., 45% of the respondents are highly interested in adopting green roofs,
and less than 20% felt the opposite. Even though the majority are enthusiastic about
implementing and are willing to pay for green roofs, few exceptions can be seen in Table 16.
Among the clusters, areas with a high density, such as CLR and CMR, are slightly reluctant to
pay for green roofs installation and maintenance. This is illustrated in the standardised map 2
in Figure 19., where such clusters gain mid score (0.50). It is essential to understand that both
clusters have limited space and are dominated by the lower-middle class. Installing green roofs
requires additional space and cost, which those clusters lack. Conversely, other clusters have a
positive attitude towards green roofs and are willing to pay to gain their ecological benefits

"I am willing to install/maintain green roofs if there's financial
incentives provided"
7%

5%
9%

43%

Strongly Disagree
Disagree
Neutral

Agree
Strongly Agree

36%

"I am willing to install/maintain green roofs if there's supported
regulation"
10%
8%
4%

39%

Strongly Disagree
Disagree
Neutral
Agree
Strongly Agree

39%

Figure 18 Need of subsidy (Top), Need of supported regulation (Bottom)

Thirdly, there is no subsidy scheme for green roofs application from the national or city
government. Therefore, most clusters show a high interest in getting financial incentives from
the government, with 43% strongly agreeing with this idea and only 12% feeling the opposite
(Figure 18.). A cluster with a relatively high rejection towards this is the OMR. Most people in
this cluster partly agree that government should support the installation cost, but each user
should be held accountable financially for the maintenance. On the other hand, having green
roofs policies is necessary for all clusters. Most agreed that it is essential to keep the regulation
58

as a suggestion and not necessarily mandatory. Cluster with low willingness tends to have a
higher need of both subsidy and regulation, so does the opposite. In addition to this, the
government is expected to provide financial support and technical support such as practical
guidelines and standards.
Figure 19. shows the clustering system and the standardized maps based on the
aforementioned attributes. The survey responses were categorised based on the standardised
scores determined in Table 12. and was used as an input to generate standardised maps per
attribute (public awareness, willingness to pay, and need for subsidy and regulation). These
maps were later used to compute the socioeconomic suitability for retrofitting green roofs
maps.
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Figure 19 Socioeconomic green roofs' suitability analysis
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Suitability analysis
Similar to the previous method in 5.1., the standardised maps were assigned weights and
aggregated to generate the suitability map. Figure 19. shows the results of this suitability
analysis of green roofs from a socioeconomic perspective. It indicates that the higher the
suitability, the higher the level of acceptance towards green roofs adoption.
In this regard, the total area of buildings eligible for extensive green roof retrofitting (with a
suitability value higher than 0.75) is estimated at only 29.8 ha or 7.8% of the whole buildings
existing on the site. Nevertheless, around 90.7% of the area has a moderate to a high potential
(value between 0.50-0.75). The area with the highest prospects is located mainly on the East
of Batu Ampar and situated along the main road, Raya Bogor Street. OMR and CMR occupy
this area; the government facility and commercial business area. Interestingly, the area with
the lowest score is also found nearby. As indicated previously, many green spaces (non-built
areas) are located around the southern side, and the red area in highlight B indicates a
cemetery area occupied by informal settlements. These non-built areas were given a score of
0. Three main highlights of these results will be elaborated below:

Figure 20 Detail on highlight A

First, areas with the highest socioeconomic potential indicator score are located along the
main artery road, in denser communities in general. This includes a combination of OMR, CMR,
and CLR clusters. As shown in Figure 20., the prominent building with a high prospect of green
roofs in this cluster includes a public school (SDN Kramat Jati 2 Pagi) and a public hospital (RS
Polri Kramat Jati). These public-owned buildings are highly regulated. For instance, hospitals
with an area of more than 10,000 m2 are obliged to perform sustainably and hold AMDAL
(environmental impact assessment) based on PP No. 27 in 1999. Similarly, school buildings
must hold a certificate of worthiness to assess their quality. DCKTRP Jakarta (Spatial planning
and land use department) has set a path to green and resilient development in 2012, in which
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public buildings are gradually required to adopt the green building principle through green
building regulation (Pergub No. 38 Th. 2012).
Not only does this regulation target all government facilities, but also large buildings such as
shopping centres owned by developers. This includes the central market of Kramat Jati (PD.
Pasar Kramat Jati Jaya) and the Lippo Plaza Shopping mall. These two buildings are pretty
famous in this area as they are located in the central shopping district in East Jakarta. Having
green roofs provide the opportunity for the owner to not only follow the local regulation, but
also increase the building overall value. Therefore, their awareness and willingness to
implement green roofs is assumed to be high due to the increased value of the real estate and
the top-down regulation.

Figure 21 Detail on highlight B

Highlight B shows a residential area dominated by planned houses (gated neighbourhood)
(Figure 21.). In this area, various clusters are found: LLR, OLR, and OMR. The neighbourhood
highlighted above, Komplek TNI AD Bulak Rantai, is owned and managed by Indonesian
National Military-Land Force, and therefore the quality of the residential area is much better
(in terms of size and density) compared to other residential clusters. Moreover, this area is
dominated by users with a better economic income (middle to high income).
Although all clusters are aware of the benefits, there is a difference between old and new
neighbourhoods in perceiving green roofs. The newer housing complex (OLR) is located along
with green spaces, Rantai Timah street, and has a better prospect of green roofs than the old
housing complex. A slight difference is observed from the need for subsidy; most old buildings
(LLR) would require more financial support for installation due to the structural limitation and
building condition. Moreover, most people in this cluster felt the urgency to install green roofs
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is less important than the new complex. On the other hand, newer housing complex (OLR) is
dominated by new buildings that are often built with a better roof structure; some use a
combination of flat-concrete and sloped-tiles roofs. Therefore, people living in this cluster
demand less financial support as they do not feel the need to have a significant renovation on
their roofs structure to implement green roofs.
Some government facilities, such as private schools (Private elementary schools Kartika VIII-2),
may be a good option for implementing green roofs due to a similar regulation mentioned
for highlight A. Another important finding is the red area on the west side of this complex.
According to the land use map, this area serves as a public cemetery (Tanah Merah cemetery),
a non-built-up area. However, some scattered residential buildings do exist in this area. There
is a discrepancy between the land use map and the reality that might indicate the densification
impact in Jakarta. This phenomenon will be discussed in detail in the discussion part.

Figure 22 Detail on highlight C

As shown in Highlight C, the study area is mainly dominated by CLR and OLR clusters which
both have moderate potential for green roofs implementation (Figure 22.). Cluster with a high
income, such as LLR and OLR, have a higher willingness to pay for the installation and
maintenance. In contrast, clusters with a lower income, such as CLR expect to rely more on the
subsidy program to afford green roofs installation. However, the gap is not that wide,
particularly the level of awareness of green roofs and their function. Even though the
perception towards green roofs might vary technically, most users are familiar with green
roofs. However, the awareness of green roofs' benefits is mainly perceived for its aesthetic
value and its well-being benefit.
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5.3. Green roofs impact on flood susceptibility
SRQ 3: What effect does green roofs adoption have on flood susceptibility in Jakarta?
A flood susceptibility map was generated using GIS-MCDA to illustrate the effect of green roofs and
show how green roofs can be a potential tool to tackle urban flooding in Jakarta. The attributes
required were taken from the flood risk framework by Luu et al. (2020) that was adopted following
the context of the site. Two scenarios are proposed: 1. existing condition without green roofs, 2. if
green roofs are applied to the area with a high suitability score (threshold set at 0.75). Below, the
results of the assessment are presented.
Inputs and standardisation
Green roofs combined potential
Altogether, Green roofs potential maps from both perspectives were combined and weighted
using the score derived from AHP. Figure 23. below shows a combined-potential map of green
roofs that later are used to determine the flood hazard level in the study area. Overall, most
areas have a moderate to high potential for retrofitting green roofs, with 93.2% of the area
acquiring being assigned values of 0.50-0.75. Despite this, only 4.72% are categorized as
appropriate (value higher than 0.75) for retrofitting green roofs. Buildings with relatively high
outcomes are identified along two main roads that divided the site – Condet Raya Street (West)
and Raya Bogor Street (East) (Highlight B in Figure 23.), they are expected to be commercial
businesses and public-owned buildings. On the other hand, buildings located on non-built
areas, such as an informal settlement – Kampung Tanah Merah – around Tanah Merah

Figure 23 Green roofs' combined potential map
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cemetery, score the lowest in this suitability analysis as these areas are assumed as green
spaces, thus it was assumed that no buildings are associated within (Highlight A).
A. Flood hazard
Figure 24. below shows two weighted raster maps based on two scenarios proposed above (1.
Without green roofs, 2. With green roofs), where the weight reflects the percent of the water
that contributes to runoff. Hence, higher values show areas that cannot intercept much water
(e.g., concrete), whereas lower values indicate areas that can capture large amounts of water
(e.g., green spaces or green roofs). The accumulated flow is aggregated and allocated to each
catchment area to calculate the total amount of water accumulated. A total of 715 local
catchments were recognised in this study area. Afterwards, these watershed maps are classified
into five classes (natural break algorithm): Very Low, Low, Moderate, High, Very High (Figure
24.), following the mid-value function to generate standardised map.

Figure 24 Two weighted raster maps to generate flow accumulation map: 1- without green roofs (left), 2- with
green roofs(right)

Naturally, the most vulnerable areas are found around the East side which is mainly located on
lowlands – between Batu Ampar, Cililitan, and Kramat Jati. This is in line with the report by
BNPB that identifies these neighbourhoods as the worst-hit villages by floods in 2019-2020.
The reason for this is twofold. First, commercial business and residential areas, with a high
density and high level of imperviousness, are prevalent in this area. Second, not many green
spaces are found at hand. In comparison, the least vulnerable areas were discovered between
Batu Ampar and Bale Kambang and along Condet Raya street. This area, dominated by
residential function, is located on higher land and has better access to the river.
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The proximity to the river can be a double-edged sword. Intense rainfall can help excessive
runoff be discharged to the river. But there is also a risk of rising water levels that could
exacerbate urban flooding. Nonetheless, there is not much difference spotted between
scenarios 1 and 2 in terms of the level of flood hazard. The most prominent impact can be
seen on the east side, around the Lippo Plaza shopping district, which shows a slight reduction
of flow accumulation value (from low risk to very low risk). This is presumably due to this
shopping district having a high potential for green roofs from both technical and
socioeconomic perspectives, and green roofs thus can be retrofitted on a large scale. Hence,
this substitution decreases the total of impervious surfaces in this area, and as a result, reduces
the flood risk.

Figure 25 Flood hazard map (1-without green roofs, 2-with green roofs)

B. Flood Exposure
As seen in Figure 26., most areas have a quite high density with an average of 140-150
people/ha. The majority are compact residential areas or high-density urban kampung, a
mixture of formal and informal settlements where commonly infrastructure is in poor
condition. Therefore, flood events could pose more severe structural damage and property
losses to such areas than others. Moreover, this study area is crossed by two main roads –
Condet Raya Street and Raya Bogor Street – crammed with commercial business buildings that
are vital in East Jakarta. During heavy rains, flood events would damage the main infrastructure
and cut off the road access, eventually compelling businesses to shut down, resulting in
significant economic losses.
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Figure 26 Flood exposure map

C. Flood Vulnerability
Luu et al. (2020) described the vulnerability as the community's character that makes them
vulnerable to flood. Out of all, this attribute resonates most with the current condition in
Jakarta that describes most people living in urban kampung constantly in peril. Among the

Figure 27 Flood vulnerability map
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neighbourhoods, several blocks within the villages are indicated as a slum with a different
severity level (BPS Jakarta, 2017) (Figure 27.).
Cililitan and Pejaten Timur have more slum neighbourhoods compared to others (see
Appendix 8.). However, the severity ranges in varied ways, from light (1) to severe (3). Within
Batu Ampar, 12 neighbourhoods are considered a slum. They are primarily located in the highdensity urban kampung in the northern part of the site.
Flood risk assessment
Figure 28. illustrates the flood risk assessment results, given the hazard, exposure, and
vulnerability aspects, in two distinct schemes: without green roofs and with green roofs. The
result shows a slight reduction in the flood risk level in certain areas after green roofs were
considered (Scenario 2.). Areas that change due to green roofs intervention, from low to very
low risk, are found in the commercial business area on the East side, along Raya Bogor Street.
As expected, the outcome of this assessment is much the same as the flood hazard evaluation
with green roofs installed.
Half the area (49.73%) has a ‘very low risk’ of urban flooding in the first scenario. 39.2% fall
under the ‘low risk’ level, and the rest have ‘moderate to high risk. The high-risk area is
primarily located on the Northern side, between Batu Ampar and Bale Kambang, and is mainly
occupied by a very compact settlement, or high-density kampung, with poor infrastructure
(slum level: 3). The population density also has a considerable effect on the spatial pattern in
this flood risk map, as seen in the west part of the site (Standardized map 2 in Figure 28.); areas
with a high-density overall have a low to moderate risk of flooding.
With green roofs assumed to be applied, the result suggests that the area indicated with
‘moderate to high' risk is almost identical to the previous scheme. The noticeable difference
between these two scenarios is in the ‘low-risk’ level, in which, on average, the area size is
reduced by 0.13%. It is necessary also to denote that the adjusted area highlighted in Figure
28. has many buildings eligible for retrofitting green roofs, and most are of a large size.
Moreover, green spaces such as parks are accessible in this area; thus, excessive runoff can be
retained. Additionally, the flow accumulated in general is reduced but not significantly in other
places with sparse distribution of green roofs (Appendix 9.). Even so, the reduction still was
too little and not sufficient to lower the flood risk level in that area. Given the result above, it
can be concluded that green roofs have a greater impact on the overall flood risk in an area
when it is applied on a larger scale and act as a ‘green network’, connected to another green
infrastructure component such as a park.
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Figure 28 Flood risk assessment
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5.4. Sensitivity Analysis (SA)
A sensitivity analysis was performed on both (technical and socioeconomic) suitability maps
with five different weights variation proportionally adjusted.
SA on technical weights
The chart in Figure 29. provide insights to the weight sensitivity across the simulation runs of
green roofs technical factors. The suitability extent was classified into four classes: S1 – highly
suitable (0.75-1.00), S2 – moderately suitable (0.50-0.75), S3 – marginally suitable (0.25-0.50),
N - unsuitable (0.00-0.25).
The main changing attribute for SRQ1 was A1 (Access to drainage system), and the base run
was coded as Technical Test 3 (TT3). After running all simulations, it was evident that the results
are relatively stable with no changes in the overall ranking (Figure 29.). S1 has the most
significant number of cells among others, and N is the smallest. A noticeable change can be
observed in S2 (to S1 or S3) when the weight is adjusted by ±10% on the Technical Test 1 (TT1)
and 5 (TT5). The summary table can be seen in Appendix 10.
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Figure 29 Summary result of SA for green roofs technical suitability. It shows the total number of cells per class
(N to S3) per simulation run (AT1 to AT5). Simulation 3 (AT3) is the base run.

In terms of spatial patterns, not many alterations were identified among these scenarios
(Figure 30.). A slight change can be observed in the fifth run (-10%) where the potential to
apply green roofs in the neighbourhoods around the north, between Batu Ampar and Bale
Kambang, was reduced. The suitability level on the west side was decreased to a small degree
when the weight was adjusted by +5% and 10%. Nevertheless, the overall trend remains the
same throughout the analysis.
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Figure 30 Spatial representation on the SA on the technical suitability map

SA on socioeconomic weights
The sensitivity analysis for this socioeconomic potential of green roofs was quite different. In
the beginning, a similar attempt was performed with A1 (Public Awareness) functioning as the
base run. Five different scenarios were proposed with the weight proportionally adjusted by
±10%. Interestingly, having done so, the results were consistent even though the weight
changes. There were no changes in the overall ranking and likewise, in the number of cells
within each suitability level. The reason for this is because the nature of the data used as the
input was discrete data. Therefore, a slight change in the attribute weight has no impact on
the suitability outcome.
Alternatively, adjustment to another attribute, A2 - Willingness to pay, as a base run was also
performed. However, compared to A1, this attribute has a relatively low weight, and thus a
slight change still did not budge the final result. As a last resort, a stress test was conducted
by applying a significant change on the weight (±50%) for A1. As can be seen in the chart
below (Figure 31.), the results change significantly in this case, proving that the inherent data
were too stable and, therefore, were not influenced by variation of weight.
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Figure 31 Summary result of SA for green roofs socioeconomic suitability. It shows the total number of cells in
each class per simulation run (ST 1-8). Column 5 indicates the base run (ST3).
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Chapter 6

Discussion

The discussion of results is divided into four parts. The first two sections discuss the potential
of green roofs from the technical (6.1.) and socioeconomic side (6.2) regarding the green roof's
properties described in the theoretical framework. Section 6.3. exemplifies green roofs'
performance in flood-prone areas; how green roofs can contribute to the flood susceptibility
level in the urban areas. Lastly, section 6.4. reflects on the limitation on the three main methods
used in this study: GIS-MCDA, AHP, and survey.
6.1. Technical potential for green roofs implementation
In chapter 2.1, it was discussed that technological and environmental aspects have a
considerable influence on green roofs applicability. One of the results in this research portray
how these technical factors are interrelated in determining the spatial distribution of green
roofs' potential area.
In terms of technology, the results show that most buildings eligible for green roofs are
identified using flat roofs and function as offices, commercial, and public-owned buildings.
Compared to other technical criteria, the stakeholders chose roof type as the most deciding
factor in implementing green roofs in Jakarta. In many studies, roof type, specifically flat roofs,
is argued as the desired foundation for green roofs and thus often used as the key selection
criterion. As Velázquez et al. (2019, p.327) stated in their study of green roofs application in
Madrid, roofs have “to be as flat as possible". Weiler and Scholz-Barth (2009) described that,
in theory, both sloped roofs and flat roofs could be adapted to green roofs. However, in many
cases, flat roofs are more practical to install and maintain, and they are better at reducing
stormwater runoff than sloped roofs. Many cities also specifically target flat roofs to endorse
green roof retrofitting. In Basel, Switzerland, buildings with flat roofs are compelled to
accommodate green roofs by local regulation (Brenneisen, 2006).
By following this standard of using flat roofs, the number of buildings that meet this criterion
in heterogeneous urban areas is commonly limited. Within the study area, only 11.7 % of
buildings identified using flat roofs. The reason for this is because not many buildings have
the necessity to utilise their rooftops, particularly the residential ones, which represent the
majority of building function in this study area. On the other hand, certain building functions,
e.g., offices and commercial buildings, typically optimise their rooftops and utilise them to gain
additional spaces in a compact neighbourhood. Thus, this finding explains how the building
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function can closely affect the appropriate building condition for green roofs from the
technological point of view.
It is widely known that the standard of the green roof was first developed in Europe and widely
adopted in other countries. Korol & Shushunova (2016) argued that this standard is too rigid
and complex to construct on a wide scale, e.g., only on flat roofs, multi-layered structures.
Some authors thus have suggested using modular green roofs in a high-density area, as they
are more flexible and can be applied to various types of roofs, including sloped roofs in
residential areas (Korol & Shushunova, 2016). An example of these modular green roofs can
be seen in Figure 32. Getter et al. ( 2007) analysed the retention performance of green roofs
at four different slopes (2%, 7%, 15%, 25%) and found that even on the steepest slope (25%),
the retention rate is still much higher than conventional roofs. Given the large number of
sloped roofs in Jakarta, it is thus necessary to look at an alternative technical approach for
green roofs design.
1 - Base coating
2 - Waterproofing layer
3 - Grating
4 - Water flow
5 - Drainage layer
6 - Growing medium
7 - Plants
8 - Standard pot
9 - Fastener
10 - Rim
12 - Hose
13 - Delivery tubes
14 - Perforated tubes
15 - Drip watering tube
18 – Adjustable levelling
21 – Cup
22 – LED-light

Figure 32 Schematic view of sloped modular green roofs (Korol & Shushunova, 2018)

In terms of spatial distribution, the study also revealed that the area with the highest potential
is distributed in the commercial business areas along two main roads, Condet Raya and Raya
Bogor Street (Figure 8.). Interestingly, green roofs projects in other cities are largely focused
on non-residential buildings and often target the central business district or the city centre
(Liu et al., 2022; Venter et al., 2021). Liu et al. (2022) argued that commercial zones have better
buildings features (flat roofs, new buildings), high population density, and are more convenient
to maintain than other urban functional zones. In addition to this, Hoeben & Posch (2021)
conducted a similar study in Graz, Austria, and argued that green roof size matters, specifying
that roof dimensions over 100 m2 were considered a high priority in green roof planning. This
explains why smaller buildings, such as residential building function, are often not prioritised
in the green roofs study.
Additionally, this study also finds that local regulation, such as green building regulation, plays
a significant role in defining the quality of buildings in non-residential users. In the FGD, it was
discussed that the government is targeting certain building types to become a ‘pilot project’
for green buildings development, and thus they are encouraged to use green roofs.
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Sangkakool et al. (2018) stated that green building trends could be an opportunity for green
roofs diffusion in many Asian cities. In Indonesia, the green building concept is still in its
infancy. Buildings obliged to perform sustainably, e.g., own green building certificate, are
currently targeted to non-residential buildings such as commercial and office buildings
(Governor Regulation No.38 of 2012 concerning Green Buildings). This includes the regulation
to install an adequate drainage system – infiltration well - targeting these land users. Therefore,
these land users tend to have a better overall suitability outcome than others.
With these considerations (size and location) in mind, areas often targeted for green roofs
implementation tend to be restricted. However, it is essential for planners and regulators also
to include areas that might gain more significant benefits from green roofs, such as residential.
For instance, Venter et al. (2021) argued that the lack of ecosystem service (ES) is often found
in a compact neighbourhood dominated by residential areas with a lack of green spaces and
high population density. This also accords with the earlier observations for A2 (access to green
space) in this study, which shows that the areas lacking green spaces are primarily high-density
urban kampungs. Venter et al. (2021) thus, argued that such an area must be prioritised in
green roof planning. Instead of choosing the 'convenient' options (choosing rooftops with
suitable features) for green roofs implementation, starting the planning process from the
'need' perspective is critical. This is in accordance with what Kuller et al. (2017) emphasise in
their study of WSUD placement; apart from looking at which condition is most efficient for
WSUD components (e.g., green roofs), it is essential to understand the effectiveness of such
infrastructures themselves, their direct and indirect contribution to the site, and why an
investment to this technology is needed.
6.2. Socioeconomic potential for green roofs implementation
From the socioeconomic perspective, green roof potential was operationalized in terms of
social acceptance, which was analysed considering three different aspects, namely social,
economic, and legal issues. In this regard, the results collected in this study raise two
interesting points for discussion: 1) common misconception about green roofs 2) the dilemma
between public or private goods.
First, from a social perspective, it appears that not many people are familiar with the term
green roofs. Although the results show that all socioeconomic clusters (CLR, LLR, OLR, OMR,
and CMR) overall have a positive attitude towards green roofs adoption - indicated by 90.7%
of the total area having moderate to high awareness of green roofs, there seems to be a
misunderstanding in how people discern green roofs. For instance, most users refer to green
roofs as a 'garden' on the roof, an interpretation that makes the perceived benefits of green
roofs easier to understand. However, this interpretation simplified what green roofs are
twofold. First, the central attention in planning green roofs thus is related to the existence of
greenery rather than seeing green roofs as a system. Second, other components, such as
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drainage or irrigation system, are neglected, which often leads to a poor arrangement of green
roofs, e.g., structural or leakage problems (X. Chen et al., 2019). Moreover, awareness of the
benefits of green roofs is mainly felt because of their aesthetic value and welfare benefits. The
retention function is the last of the benefits that users can relate to green roofs.
Previous research identified the lack of knowledge and misconceptions about green roofs
technology as the potential barrier in green roofs adoption (Fernandez-Cañero et al., 2013;
Hendricks & Calkins, 2006; Zambrano-Prado et al., 2021). Sangkakool et al. (2018) stated that
the tendency to pursue the ‘visual’ or ‘image’ of green roofs on the surface is a threat in green
roof planning as it undermines the performance of green roofs and encourages people to use
synthetic green roofs, artificial grass instead of natural green elements.
The reason for this misconception of green roofs is twofold. First, there is a lack of
standardisation from the government. In the FGD, it was mentioned that there is a lack of
standard and technical knowledge among the professionals and users. This condition is similar
to early green roofs development in the US, where many stakeholders demanded technical
details and a built example (Hendricks & Calkins, 2006). Second, there is a lack of education
(formal and informal). A study in Mediterranean countries found that education and childhood
environmental background influence people's preference toward green roofs (FernandezCañero et al., 2013). For example, people are rarely exposed to urban green technology while
studying at school. Hence, both guidelines provision and education (both formal and informal)
are generally seen as a factor strongly related to awareness of green roofs.
Second, in terms of economic and legal issues, other findings in this study show slight
differences in how each socioeconomic cluster perceives and relates to green roofs. This is
contrary to Yuliani et al. (2020) statement that stated the economic level, particularly
community income, affects the level of awareness of green roofs. Instead of awareness, the
economic aspect influences users' ability to afford green roofs. High-income clusters, such as
LLR and OLR, are more willing to pay for installation and maintenance. In contrast, clusters
with lower incomes, such as CLR, rely more on subsidy programs to install green roofs.
Green roofs, in many studies, are considered as private goods (Roggero, 2020). Even though
many of the benefits, such as retained runoff and reduced pollution, are experienced by the
society, the building owner bears the cost of installation and maintenance. Roggero addressed
this issue as a “free rider” problem, where “in the presence of free riders, individuals will only
provide public goods if they are obliged to do so, and if they are compensated for their effort”
(2020, p.628). Many researchers have recommended financial incentives and regulation as
instruments to leverage green roofs adoption to building owners. This study showed that
almost all clusters have a high interest in the subsidy and relatively moderate interest in
installing independently. Hence, in line with previous studies (Mees et al., 2013; Sarwar &
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Alsaggaf, 2020), this research highlighted the vital role of governmental bodies to make green
roofs accessible for the public.
Apart from this, it is also fascinating to see the interest of the stakeholders. In the FGD, most
stakeholders agreed that the initial intention to install green roofs was fundamental in
determining the willingness to bear the costs. For example, a developer stated that green roofs
are not the 'greenest' option for sustainable building technology. This is due to the high energy
and water consumption required to maintain the plants, especially during the dry season. It
creates a nuisance during the wet season as it often causes leakage problems in the buildings.
Nevertheless, it helps create a more ‘visible’ image of green building compared to other
technologies. So, there is a prestige motivation. On the other hand, other people invest in
green roofs voluntarily because of their interest in urban gardening, and the lack of green
spaces motivates people to utilise their rooftops. These intrinsic motivations are varied among
users and unfortunately, rarely discussed in the literature.

Figure 33 Skill/Will matrix for green roofs development (Adapted from Hersey & Blanchard (1997))

By considering both technical and socioeconomic potential will allow the government to better
understand the need of users and use appropriate strategies to promote green roofs to all
land users. Such approach can also be adopted to the skill will matrix in the situational
leadership model by Hersey & Blanchard (1997). Here, the technical factor will thus represent
the technical skill and ability for users to implement green roofs, and the socioeconomic
factors refer to their level of awareness and willingness to participate (Figure 33.). For instance,
people living in the area in matrix 2 can be encouraged by means of workshops related to
increasing the technical knowledge and incentive or regulation that aim for technical support,
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e.g., structural reinforcement. Likewise, the area with a low social acceptance but high technical
aspect (matrix 4), can be persuaded through a promotional program. Doing so will allow all
areas to have the same opportunity in the face of green roofs development.
6.3. Green roofs impact on flood susceptibility in Jakarta
As indicated from the flood risk assessment, green roofs might not significantly reduce runoff
in the study area. This is because only 4.3 % of the area has a technically and socioeconomically
fostering environment and is thus appropriate for green roof retrofitting (a threshold set at
0.75). Moreover, they are sparsely distributed and mostly of small size. As a result, only a slight
change of the flood risk level in a specific area was identified.
Nonetheless, green roofs still exhibit great potential. If green roofs are applied to the
recommended area, the total number of flows accumulated in the whole study area is
decreased. In the flow accumulation maps (see Appendix 9.), there is an overall reduction in
the number of flows, from 826,7 to 819,9. It means implementing green roofs, even with the
abovementioned condition (minimum and scattered), able to decrease the flows accumulation
by around 0.8%. Liu et al. (2022) argued that relying on green roofs alone will not be sufficient
to deal with flooding. A combination with other components in stormwater management (e.g.,
retention pond, porous pavement) is recommended to gain more significant runoff reduction
effects. Still, green roofs show a promising result as a flood adaptation measure if the
implementation is carried out as a part of the city’s stormwater management system and
implemented centrally and on a large surface.
In scenario 2 (if green roofs are applied), it was shown that areas experiencing flow reduction
have similarities. First, this area is strategically located adjacent to the main road and
dominated by commercial business (CLR) and government facilities (OMR). Shin & Kim (2015)
argued that the performance of green roofs on a large scale is often influenced by external
factors in the built environment, e.g., green spaces and impervious surfaces. Second, the
buildings in this area are mostly large and in dense neighbourhoods. This is similar to what
Hoeben & Posch (2021) argued that size matters for green roofs. Not only does it provide
more retention areas, but it also offers users more functionality. In addition, Fung (2018)
argued that the distance between the roof and other GI affects the range of green roofs'
benefits, e.g., biodiversity, stormwater retention. The shorter the distance, the higher the
opportunity of spreading the benefits. These results thus emphasise the potential of green
roofs as a part of a green network that helps retain large amounts of runoff in the urban areas.
However, it is difficult to say that green roof planning should prioritise the areas with the above
characteristics. Much research argued that priority should be given to the most problematic
area requiring GI intervention. In this case, the CLR – high-density kampung- indicated as a
severed slum should not be ruled out. As Diwangkari (2018) stated, an urban kampung is the
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most vulnerable to climate change, including flooding. To gain wider benefit from green roofs,
it is essential to ensure green roofs planning is feasible for all users.
6.4. Limitation of research
This thesis employs two main methods: GIS-MCDA and AHP. Besides, several issues related to
the complex socioeconomic condition and its implication on this research are also discussed
in this section. In terms of context, it is first essential to understand that this research focused
on analysing the potential for installing extensive green roofs; therefore, other types were not
explored. Moreover, some critical factors on the technical side, such as climatic condition and
rainfall, were disregarded as the neighbourhoods in the study area experience the same
climate and rainfall intensity. The limitation of each method is further elaborated on below.
First, according to Malczewski (2006), GIS-MCDA operates using a hierarchical structure. Each
attribute used in this study thus must be decomposable and non-redundant. Correlation
between attributes was done qualitatively during FGD, as it was the aim to ensure each
attribute could be evaluated independently. However, it is hard to satisfy these requirements
due to the availability of spatial data in Jakarta. For example, no spatial data can provide
building information such as building age and roof types. It is difficult to base all this
information solely on one source, such as satellite imagery, because it will cause an
interrelation between attributes and plausibly cause misleading results. Thus, some influential
attributes, such as building age, used a proxy as an alternative dataset. It is critical to ensure
that each attribute map has an independent source to avoid overlapping in the GIS-MCDA
framework.
It should be noted that having more precise data could provide an ideal result for green roofs
suitability analysis. For instance, in many studies, the roof types (slopes and material) are
identified from 3D (Lidar data). Hence the data provided are more accurate and precise.
Unfortunately, such data has yet to be accessible to the public. This study classified roof types
manually using the supervised image classification function in GIS on a map taken from Google
Earth with a medium spatial resolution.
Consequently, this creates a trade-off in terms of quality and accuracy. There are different
types of roofing materials apart from the four common pre-determined classes (old-tile roofs,
new-tile roofs, concrete-roofs, metal-roofs) created as training samples; thus, some
assumptions on a certain type of roofs might be wrong. For example, concrete roofs and metal
roofs have a similar range of colours (grey to black). Therefore, in the overall accuracy test
(Appendix 6.), these two classes are often confused. It is hoped that this work will stimulate
further research on mapping the building profiles in the future.
Apart from the attribute's quality, decision analysis is sensitive to the value and weight
assigned. This study used a mid-value function that determines the maximum, minimum, and
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mid-point score of attribute maps with a range of 0.00-1.00 for the standardisation procedure.
However, this value function process was simplified in at least two major respects. First, the
maximum and minimum value was decided from the literature and the FGD. Thus, there is a
threat of subjectivity. Second, the value was treated as interval, not ordinal. It was therefore
assumed that the difference between values is equal, whilst in the real world, it can be more
complex. The implication of this can be seen in the socioeconomic attributes, where the
standardisation ignored the slight variation generated from survey results among the cluster
groups. For instance, the variation within public awareness results was generalised as they fall
under the same level.
Another limitation in this method can be observed in assessing the suitability results. To
calculate areas which consider eligible for installing green roofs, a threshold of 0.75 was set.
However, this might cause bias as the threshold was decided based on the justification that
only areas with very high suitability should be considered, and many studies of GIS-MCDA use
four-levels of interval classification to determine the suitability levels (N - Unsuitable (<0.25),
S1 – Marginally suitable (<0.50), S2 – Moderately suitable (<0.75), S3 – Highly suitable (<1.00)).
However, Kuller et al. (2017) argued that discerning the suitability results based on ‘suitable’
and ‘unsuitable’ limits the nuance of the interpretation and thus the communicative value to
stakeholders. Besides, it is quite common to calculate the amount of runoff in green roofs
studies. Due to the limited study on green roofs performance in Indonesia, it was hard to gain
the required data to conduct such an operation. A general assumption on green roofs
retention performance was taken from literature with similar climatic conditions to Jakarta.
Second, the weights used in GIS-MCDA were extracted through AHP. Malcwezki (2006) stated
that the weighting process could be misleading if the participants interpreted the questions
differently. In response, the AHP was performed right after the FGD to ensure that the
participants had a similar understanding of the criteria and the scoring system. However,
conducting AHP after a lengthy discussion session is very prone to decision fatigue issues,
where the respondents are inconsistent or random in making a pairwise comparison. The form
used was equipped with a direct consistency test to anticipate this. Thus, the respondents
could see the level of consistency of their answers while filling out the form.
A sensitivity analysis was performed to recognise the impact of the weight derived from AHP
on the spatial results. It was shown that the results were relatively stable, specifically the
technical suitability map. Changing weights by ±10% did not significantly impact the spatial
results. But the SA was conducted in a limited number of runs due to limited time and tools.
Ideally, the simulation runs are performed more following Chen et al. (2010). In addition to
this, it is also important to note that the SA in the socioeconomic result was consistent because
the inputs were discrete data; therefore, no change was observed when the weights were
slightly changed.
Lastly, it is essential to understand that profiling urban area based on socioeconomic
conditions in Jakarta, the world's second-largest urban agglomeration, is quite complex. Kusno
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(2014) described this situation as a "fragmented civil society" which exhibits an unintentional
classification of the kampung, new town (gated neighbourhood), shopping malls, and spaces
for vehicles caused by a long economic and political history. Hence, the clusters are
disorderedly distributed, as seen in the socioeconomic potential result. In reality,
socioeconomic groups however are more diverse, and some are not included in this analysis
for simplicity. For instance, there is a sign of uncontrolled densification in the study area, which
is indicated by the conversion of the green open space in the Tanah Merah cemetery to a
residential area. This condition indicates the existence of informal planning in densely
populated areas in Jakarta. However, due to the limited spatial data and time, this study
referred to such an area based on the government's formal (official) zoning and land use plans.
There is currently no data that can be used to describe the socioeconomic conditions related
to green roofs at the district level. therefore, this data was taken manually. An online survey
was done in a limited time during the rising Covid-19 case in Jakarta. There is a threat that the
data taken are not distributed evenly or not representative enough to describe the social
dynamic in this area. With a small sample size, caution still must be applied, as the survey need
to anticipate response bias problems or deviant response tendencies. A pre-test hence was
performed, in which the validity and reliability of the questionnaire were tested using Pearson
correlation and Cronbach’s alpha, where poor questions were eliminated or modified.
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Conclusion

This study set out with the aim of investigating the potential of green roofs to increase system
resilience against urban flooding in Jakarta by accounting for technical and socioeconomic
factors. This chapter starts by reflecting on the results to answer the general research question
(GRQ). Then, the relevance of this study to the current scientific and societal condition is
presented. Lastly, this chapter ends with the future recommendation for green roofs
development.
7.1. Answering the general research question
The general research question (GRQ) in this study sought to determine the prospects of green
roofs to increase system resilience against flooding. The GRQ was formulated as:
"What is the potential of green roofs to increase flood resilience in Jakarta?"
Previous studies have attempted to describe the dissemination potential of green roofs to
tackle flooding in various contexts of urban areas. However, most research has been focused
primarily on the feasibility of green roofs application from the technical side. Not many studies
tried to incorporate a non-technical perspective, in which socioeconomic factors such as
awareness and willingness of users to implement are considered. Additionally, the Global
South context is not very much discussed in green roofs' studies despite the intense climate
risk these countries face. Combining these two factors (technical and socioeconomic) are
pivotal in mainstreaming new technology. Apart from this, this study also used a broad-scale
spatial approach by analysing the potential of green roofs from a district-scale, whereas many
studies related to green roofs primarily focused on a roof-scale.
This study has raised an important question on how to understand green roof planning from
a balanced perspective by utilising GIS-MCDA to analyse the potential of scaling up and
replicating green infrastructure – green roofs – in complex urban areas and its retention
performance if applied on a large scale. This district chosen as the study area embodied the
typical issues most neighbourhoods in Jakarta faced. It has a high population density,
experience frequent floods, and lacks green spaces. Hence, the findings and methods used for
this district may be applied to other areas with the same context elsewhere in Jakarta.
Based on the evidence presented, it was concluded that there is no one-fits-all approach when
it comes to the discussion of the applicability of green roofs. The findings of this research
strengthen the idea that green roofs planning can be inclusive and accessible to various land
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users. The results from the technical side show that green roofs' suitability is higher in a
specific type of buildings and location, the non-residential land users tend to have a better
technical condition than residential areas. The results from the socioeconomic view highlighted
that all clusters, including residential clusters, in general, are pretty keen on green roofs.
Although most of them lack knowledge and needs support financially from the government.
However, taken together, the impact of green roofs on the flood risk were not very
encouraging. Even with both perspectives combined, the areas indicated as eligible for green
roofs application are pretty limited. Another possible explanation for this result might be due
to the sparse distribution of green roofs and in a small size. Nonetheless, the present study
highlights the idea of implementing green roofs extensively to tackle flood issues in the future.
A higher impact on the flood risk assessment can be achieved through centralised
development and a possibility of a green infrastructure network. In general, it implies that
green roofs are promising technology and can become alternative flood adaptation measures.
This research also provides a deeper insight into the substantial role of green roofs to flood
management systems. The findings in this thesis denote the importance of utilising green roofs
not just as a potential technology attached to the building but also as an integrated
component in the FRM system in Jakarta along with other 'hard' infrastructures. In the study
area, the government has applied several mitigation measures, e.g., canals, infiltration well,
they are mainly aimed to gain a flood-control on a city level. However, Jakarta lacks adaptive
measures that can be applied on the individual and community level. Given the potential
abovementioned, green roofs can be the alternative measures that strengthen the current
flood infrastructures. As Liao (2012) argued, building resilience means diversifying the system
in flood risk management and empowering the stakeholders to have the internal ability to
cope with flooding. Green roofs, thus, can be a way forward for a society to be less vulnerable,
and embrace the idea of 'living with floods’.
7.2. Contribution to society and science
Overall, the findings of this study suggest a balanced approach for green roofs' applicability
in urban areas to increase system resilience, how can green roofs be useful and integrated into
the FRM. By understanding the potential from a technical and socioeconomic perspective, it
allows the government to arrange a strategy for green roofs development that is accessible to
different types of land users. In addition to this, knowing the widescale impact of green roofs
on flood-prone areas will encourage the stakeholders to take green roofs into account in the
planning process, it will encourage the local community to utilise green roofs as part of their
strategy to cope with flooding. Moreover, green roofs can strengthen the current flood risk
management by becoming an alternative flood adaptive measure.
In terms of scientific relevance, to the authors' knowledge, the attempt of assessing green
roofs from these two combined perspectives is the first of its kind. This research thus provides
a framework to integrate different factors in green roofs planning. It provides insights into how
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such factors are relevant in the context of developing countries, where green roofs
development is relatively novel. With the utilisation of GIS-MCDA, it is feasible to visualise, and
pinpoint which area has the highest or lowest potential and identify the spatial characters of
such areas. Furthermore, it allows the researcher to analyse and compare the technical and
socioeconomic potential on a wide scale. By doing this, it is possible to expand the knowledge
on what kind of instruments can be promoted to encourage users to adopt green roofs. This
research also helps understand the social dynamic within urban areas, and stakeholder's
perspective on green roofs and their take and position in green roofs development in Jakarta.
7.3. Recommendation
The discussion of green roofs applicability is intriguing and could be usefully explored in
further research. Many stakeholders are often sceptical and hesitant to apply green roofs due
to the lack of research about green roofs performance on a large scale in developing countries
like Indonesia. Therefore, further investigation into factors affecting green roofs
implementation and the potential contribution to stormwater management in Jakarta should
be undertaken to enrich the understanding of green roofs applicability and thus, encourage
the policymakers to incorporate green roofs as one of the strategies in dealing with floods.
As noted earlier, only extensive green roofs were considered in this study. Compared to other
types, the extensive green roof is considered the lightest and cheapest; therefore, it is feasible
to retrofit various buildings. Hence, this information can be used as a starting point in
mainstreaming green roofs in Jakarta. However, further work is needed to determine the
suitability of other types of green roofs, such as the intensive type that has a better retention
performance among other types. Apart from this, it is also critical to first look at the availability
of the spatial data and its quality to be used as attributes in the GIS-MCDA. It is recommended
to use appropriate data to help identify building profiles (structure and age) in the future
suitability analysis to generate more comprehensive results.
Another important practical implication is that green roofs' impact on the flood risk levels is
quite promising, even though it is not as great as reported in previous studies. Nevertheless,
this study offers insight into specific spatial characteristics that could enhance the effect of
green roofs on the overall flows’ accumulation in a large area. Further research, however, is
required to calculate the runoff reduction effect more accurately that accounts not only for
green roofs but also other stormwater management components in the city.
Moreover, the results should be validated in other areas on a larger scale or with a different
urban context. A comparative study is advised to dig deeper into the quality of each criterion
and analyse the further potential of green roofs development. This study selects the case from
the area that falls within three criteria: high intensity of floods, lack of green spaces, and high
population density. It might be interesting to compare this result to another area with different
circumstances to explore what green roofs could contribute to different urban areas.
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Lastly, the survey was conducted using a clustering approach with five pre-determined clusters
based on the LCZ clustering system. This system relied on the urban form, particularly the
urban density. It is critical to understand the gravity and complexities of the socioeconomic
condition in Jakarta. Thus, future work should also explore the range of socioeconomic levels
within these clusters to include more diverse socioeconomic groups.
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Appendix
1 – FGD Topic

1
2
3
4
5
6
7

8
9
10
11
12

13

Question
General
What do you know about green roofs and their implementation in Jakarta?
Technical factors
According to your understanding, what technical factors that are important in implementing
green roofs?
Does the surrounding environmental conditions affect the interest of users in making green
roofs?
Does having access to city waterways also make it easier to make green roofs?
Which type of green roofs most applicable in Jakarta?
Does irrigation/drainage system on the roofs is important in managing green roofs?
Is the condition of the building important to consider before applying green roofs? What kind of
condition that need to be considered?
Socioeconomic factors
According to your understanding, what are the important socio-economic factors or things to
consider in making green roofs?
Does educational background affect interest in installing green roofs?
Does income level have any influence in deciding to build green roofs?
Is local government regulation considered necessary? For example, in Germany, Essen, all new
buildings in the city center are required to use green roofs, land and building taxes are reduced
Is socialization and subsidies (financial assistance) from the government important? For example,
in Amsterdam, the Netherlands, the cost of installing green roofs is covered by the government.
Closing
Is there anything else you would like to say regarding green roofs?

2 – AHP Form

Technical factors AHP

Green spaces
Access Drainage
Roofing material
Building heights

Green spaces
1
1

Access Drainage
2

Roofing material
3

Building heights
4

1
1
1

Socioeconomic factors AHP

Public awareness
Willingness to pay
Need of subsidy

Public awareness
1
1

Willingness to pay
2

Need of subsidy
3

1
1
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Categories in Technical and Socioeconomic factors AHP

Environmental
Technology
Social
Economy
Legal

Environmental
1
1

Technology
2

Social
3

Economy
4

Legal
5

1
1
1
1

3 – Consistency test for AHP (CR and RI)
Normalized relative weight matrix
Technical factors
Green spaces

Green spaces
Access Drainage
system
Roofing material
Building heights

Roofing material

Building heights

1
0.217354636
0.284226069

Access Drainage
system
2
0.206950082
0.270620445

3
0.25667593
0.262996301

4
0.166100312
0.259078196

0.29880386

0.363089259

0.352860008

0.422277307

0.199615434

0.159340214

0.12746776

0.152544185

Socioeconomic factors

Public awareness
Willingness to pay
Need of subsidy

Public awareness

Willingness to pay

Need of subsidy

1
0.581395349
0.185465116
0.233139535

2
0.613952577
0.195963159
0.190084264

3
0.551061008
0.227895668
0.221043324

General categories
Environmental
1
0.176647235

Technology
2
0.216161616

Social
3
0.229217307

Economy
4
0.150562314

Legal
5
0.151847437

Technology

0.18335983

0.224466891

0.249635391

0.209088823

0.262932062

Social

0.093623035

0.109315376

0.121536218

0.160890521

0.128009535

Economy

0.26903374

0.246464646

0.173310647

0.229515722

0.218831943

Legal

0.27733616

0.20359147

0.226300438

0.249942621

0.238379023

Environmental

Results
Technical factors
No
1
2
3
4

Factors
Access to green spaces
Access to drainage
Roof types
Building height
λ
CI
Consistency <0,1

Relative Weight
21%
27%
36%
16%
4.001291929
0.000430643
0.0001404
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Socioeconomic factors
No
1
2
3

Factors
Public awareness
Willingness to pay
Need of subsidy/regulation

Relative Weight
58%
20%
21%

λ
CI
Consistency <0,1

3.000180358
0.0000901
0.000155481

General categories
No

Factors

Relative Weight

1

Environmental

18%

2

Technology

23%

3

Social

12%

4

Economy

23%

5

Legal

24%

λ

5.00066

CI

0.0001652

Consistency <0,1

0.0001475

100

4 - Survey form

101

102
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5 - SPSS result
Validity test - SPSS Pearson's Correlation Table 1
Pilot Survey
Respondents: 30
Item List
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Item: 17

Pearson Correlation
(Critical r value)
0.614
0.675
0.634
0.697
0.356
0.566
0.560
0.474
0.615
0.550
0.461
0.582
0.820
0.825
0.778
0.653
0.177

R Table
value
0.361
0.361
0.361
0.361
0.361
0.361
0.361
0.361
0.361
0.361
0.361
0.361
0.361
0.361
0.361
0.361
0.361

Significancy
value
<0.001
<0.001
<0.001
<0.001
0.054
0.002
0.770
0.008
<0.001
0.002
0.010
<0.001
<0.001
<0.001
<0.001
<0.001
0.351

Conclusion
Valid
Valid
Valid
Valid
Invalid
Valid
Invalid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Invalid

Action

Rephrase question
Deleted

Deleted

Validity test - SPSS Pearson's Correlation Table 2
Revised version
Respondents: 30
Item List
1
2
3
4
5
6
8
9
10
11
12
13
14
15
16
Description:

Item: 15

Pearson Correlation
(Critical r value)
0.684
0.735
0.716
0.756
0.444
0.511
0.391
0.64
0.565
0.415
0.571
0.832
0.826
0.775
0.676

R Table
value
0.361
0.361
0.361
0.361
0.361
0.361
0.361
0.361
0.361
0.361
0.361
0.361
0.361
0.361
0.361

Significancy value

Conclusion

<0.001
<0.001
<0.001
<0.001
0.014
0.004
0.033
<0.001
0.001
0.023
<0.001
<0.001
<0.001
<0.001
<0.001

Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid

Item 1-4

= Question 12-15

Item 5

= Question 18.1 (Aesthetic value), rephrase words

Item 6

= Question 18.2

Item 7

= Question 18.3 (Reduce pollution), deleted item

Item 8-10

= Question 18.4,18.5,18.6

Item 11-17

= Question 19-25

Action
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Reliability test - SPSS Cronbach's Alpha
Revised version
Respondents: 30

Item-Total Statistics
Scale Mean if
Item Deleted

Scale Variance
if Item Deleted

Corrected ItemTotal
Correlation

Cronbach's
Alpha if Item
Deleted

item_1
item_2

57.67
57.27

63.954
65.720

0.607
0.685

0.885
0.882

item_3

57.27

65.995

0.664

0.882

item_4
item_5

57.37
57.77

63.620
68.737

0.700
0.337

0.880
0.897

item_6
item_7
item_8

57.47
57.27
58.40

71.154
72.409
62.800

0.460
0.335
0.536

0.890
0.893
0.891

item_9
item_10

58.00
57.90

67.655
70.576

0.486
0.331

0.889
0.894

item_11
item_12

58.17
58.47

69.937
62.740

0.518
0.793

0.889
0.876

item_13
item_14

58.57
57.57

63.013
64.737

0.785
0.729

0.877
0.880

item_15

57.47

66.120

0.614

0.884

Case Processing Summary
Cases

Valid
Excludeda

N
30
0

%
100.0
0.0

Total

30

100.0

Reliability Statistics
N of Items
R Table
15
0.361

Cronbach's Alpha
0.893

Conclusion
Consistent

6 - Accuracy test
Confusion matrix
User

Producer

Class/Sample

New-tile roofs

Concrete roofs

New-tile roofs

97

1

Concrete roofs

0

Old-tile roofs

0

Metal roofs
Total

Old-tile roofs

Metal roofs

Total

4

0

102

44

2

14

60

2

25

1

28

0

6

1

28

35

97

53

32

43

225

105

Overall accuracy = Total number of correctly classified pixels (diagonal)/Total number of
reference pixels x 100
Overall accuracy = 0.862 (86.2%)
Kappa coefficient (T) = (TS x TCS) - (Column total x Row Total)/ TS2 - (Column Total - Row
Total) x 100
T = 0.8015
7 - Socioeconomic background of five clusters
Survey
Education
background

Economic
background

CLR

LLR

OLR

CMR

OMR

Highschool
diploma
(59,4%),
bachelor’s
degree
(18,8%)
Majority Low
income and
Low to middle
income

Highschool diploma
(43,8%), bachelor’s
degree (43,8%)

Bachelor’s degree
(45%), Highschool
diploma (40%)

Bachelor’s
degree (50%),
Highschool
diploma (31,3%)

Bachelor’s degree
(60%),
Postgraduate
(40%)

Majority Low to
middle income, and
few
have
high
income

Majority low to
middle
income,
some have high
income

Majority low to
middle income

Majority middle
to high income

8 - Slum Neighbourhood (RW) in Jakarta (BPS Provinsi Jakarta, 2017)
Area

RW

Slum Level

Neighbourhood (RT)

Balekambang

5

2

1,3,5,6,8

Batu ampar

1

2

1,3,5,6,7,8,10

6

1

2,3,5,8,11

5

3

1,2,3,5,6,7,8,9,10,11,13,14,15

14

1

1,2,5

15

2

1-9

Cililitan

Gedong

0

Kampung Tengah

4

3

1,2,3,4,5,6,7,8,9,10,11,12

7

3

1,3,4,6,7,8,9,10,11

Kramat Jati

0

Pejaten Timur

5

1

5,6,11,14

(South Jakarta)

7

2

5,9,10,11,12,13,17

8

2

4,5,6,7,8,10,11,12,14

1

2

2,4,5,7,8,9,10

7

2

1,2,3,4

Rawajati

106

9 – Slope, Flow direction, and Flow accumulation maps (1 – without green roofs, 2 – with
green roofs)

107

10 – SA technical and socioeconomic suitability
SA Technical
No

Change
(%)

Criteria weights

Cells in suitability map
Total
Weights

A1

A2

A3

A4

Changes in suitability map

1
(<0.25)
N

2 (<0.50)

3 (<0.75)

4 (<1.00)

S1

S2

S3

TT1

-10

0.2430

0.2178

0.1659

0.3733

1.0000

533,202

130,888,086

106,355,334

30,858,124

S1 to
S2
0

S2 to S1
287,875

S2 to
S3
649,575

S3 to
S2
0

S3 to N

S2 to N

TT2

-5

0.2565

0.2139

0.1630

0.3667

1.0000

324,121

130,815,330

107,180,755

30,314,540

0

215,119

90,609

0

193,699

0

0

0

TT3*

0

0.2700

0.2100

0.1600

0.3600

1.0000

339,503

130,600,211

107,486,483

30,208,549

0

0

0

0

0

0

TT4

5

0.2835

0.2061

0.1570

0.3533

1.0000

431,585

130,414,050

107,745,583

30,043,528

401,280

0

0

163,548

107,464

0

TT5

10

0.2970

0.2022

0.1541

0.3467

1.0000

552,291

131,931,436

106,270,201

29,880,818

0

1,216,282

0

114,943

212,788

0

TTn = Technical Test n (n = 1,2,3,4,5)
SA Socioeconomic
No

Change
(%)

Criteria weights

Cells in suitability map

A1

A2

A3

Total
Weights

Changes in suitability map

1 (<0.25)

2 (<0.50)

3 (<0.75)

4 (<1.00)

N

S1

S2

S3

ST7

-50

0.2900

0.3381

0.3719

1.0000

27,704,193

234,685,670

6,369,543

28,555,954

S1 to
S2
0

234685670

S2 to
S3
0

ST0

-30

0.4060

0.2829

0.3111

1.0000

27,704,193

0

241,055,213

28,555,954

0

0

0

0

0

0

ST1

-10

0.5220

0.2276

0.2504

1.0000

27,704,193

0

241,055,213

28,555,954

0

0

0

0

0

0

ST2

-5

0.5510

0.2138

0.2352

1.0000

27,704,193

0

241,055,213

28,555,954

0

0

0

0

0

0

ST3*

0

0.5800

0.2000

0.2200

1.0000

27,704,193

0

241,055,213

28,555,954

0

0

0

0

0

0

ST4

5

0.6090

0.1862

0.2048

1.0000

27,704,193

0

241,055,213

28,555,954

0

0

0

0

0

0

ST5

10

0.6380

0.1724

0.1896

1.0000

27,704,193

0

241,055,213

28,555,954

0

0

0

0

0

0

ST6

30

0.7540

0.1171

0.1289

1.0000

27,704,193

0

241,055,213

28,555,954

0

0

0

0

0

0

ST8

50

0.8700

0.0619

0.0681

1.0000

27,704,193

0

241,055,213

28,555,954

0

0

0

0

0

0

STn = Socioeconomic Test n (n = 1,2,3,4,5,6,7,8)
*Base run (original weight); yellow highlight means ‘stress’ test

S2 to S1

S3 to
S2
0

S3 to
N
0

S2 to
N
0

