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ABSTRACT
Dengue fever is a vector-borne disease in tropical countries transmitted by the
Aedes aegypti mosquito. Dengue mostly occurs in cities and is regulated by three
factors: the Agent (dengue virus), the Host (human), and the environment. Of
all existing countermeasures, adaptation of the environment to combat dengue
is underexplored. This thesis investigates how landscape design can adapt the
environment to reduce vector mosquitoes and thereby combat dengue. A
literature review on the environmental conditions that benefit Aedes aegypti
yielded criteria for a dengue-proof landscape. To achieve the criteria, 12
possible design interventions were formulated and intended to improve the blue
and green infrastructure.
Semarang, an exemplar tropical city that suffers from dengue, was used
as a case to implement the design interventions. The case study was carried
out by using research through design methods. First, a site in Semarang was
selected by mapping the environmental conditions. Three designs were
developed for this site (The Strips, The Parks, and Sponge District) which
differed in the level of intervention (from minimal to extreme). Each design
was then evaluated based on the criteria of the environmental conditions.
The evaluation shows that each design has its own benefits and drawbacks.
A table for decision consideration on which intervention can be used in what
condition was also generated. The results elucidate that environmental
adaptation is a viable strategy to reduce dengue spread, and landscape architects
can play a valuable role in designing these dengue-proof landscapes. Eventually,
the landscape design interventions may offer innovative and sustainable measures
for mosquito-borne disease control and reduced dependency on insecticides.
Key words: dengue; Aedes aegypti; environment; landscape design; blue and
green infrastructure
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CHAPTER 1

INTRODUCTION

Illustration by Timothy Banks

1.1 Problem context - Dengue fever, a vector-borne disease that
haunted urban cities
Dengue fever is a major vector-borne disease of
humans that occurs primarily in tropical countries,
as seen in Figure 1 (WHO, 2021; Gubler, 2011;
Goddard, 2008). Regular dengue fever can cause
febrile illness, while more severe forms
of the disease can be lethal, especially for
children and the elderly (Clements, 2012).
Known as an acute infectious disease, the
treatment often requires care in the hospital.

Figure 1. The global distribution of dengue fever and its main
vector, Aedes aegypti mosquito (Gubler, 2011)

The occurrence of dengue is regulated by three
factors: the agent, the host, and the environment.
The relation between all the three factors is shown
in an epidemiologic triad, a traditional model for
depicting infectious diseases causation (Figure 2)
(CDC, 2012). The first factor, the agent, is an
infectious microorganism or pathogen that causes the
disease to occur. In dengue fever disease, the agent
is the dengue virus (DENV) which is carried by the
vector, an organism that transmits infection by
conveying the pathogen. The vector is a part of
the infectious process and plays a key role by
being directly connected to the three factors.
Without the presence of a vector, there will
be no sustained pathogen transmission. As a
vector-borne disease, the Aedes aegypti mosquito is
the principal vector for the transmission of dengue.
Humans are exposed to the mosquito
that carries the dengue virus in its body. Ae. aegypti
is abundant in peri-domestic environments,
especially in areas where the number of houses
and population is high, that is why dengue fever
2

is known as an urban disease (ECDC, 2021;
Lima-camara, 2010). The mosquito mostly
thrives in densely populated areas which lack
water and waste management.
The second factor is the host, which refers to the
human who gets the disease. Numerous risk
factors contribute to the host’s exposure,
susceptibility, and response to a harmful agent. At
certain times of the year or in a specific environment,
the host may have a high susceptibility to the
disease. Host exposure to the agent is also
influenced by intrinsic factors of the host,
such as age, behavioural practices, and personal
hygiene. The last is the environment, which
refers to extrinsic factors: (1) physical factors such
as climate and geographic location, (2) biological
factors, such as animal presence in the area that
transmits the agent, and (3) socioeconomic
factors such as settlement density, water
management, and accessibility to health care.
Changes in the environment can affect the
abundance of the agent as well as the exposure
of the host to the vector (Ae. aegypti) spreading
the agent, making the host more susceptible or
less susceptible to the agent (CDC, 2012). Human
shaping of the environment may both increase
the exposure to Ae. aegypti and counter the
proliferation of the mosquito (Wilke et al., 2020).

Figure 2. Epidemiologic triad

Dengue epidemics are especially prevalent in
urban cities with a tropical climate, such as
those in Southeast Asia. Due to large amounts
of rainfall and warm temperatures throughout
the year, mosquito breeding may continue
year-round (Goddard, 2008; Gubler, 2004).

Subsequently, in Southeast Asian cities, the
population growth is increasing rapidly due to
migration, and this trend results in the rising
number of susceptible hosts (Ooi & Gubler, 2008).
Moreover, these cities feature all characteristics
that promote the prevalence of dengue, as
described by Clements (2012). These are (i)
inappropriate water management due to
urbanisation and uncontrolled population growth,
(ii) a hub for human travel and trade which
promotes the transmission of the dengue virus,
and (iii) the lack of vector control programs.
Because there is no specific medication for the
treatment of dengue infection, combating dengue
largely depends on preventative actions. A
commercial dengue vaccine did not become
available until 2016. However, the vaccine is
expensive due to its limited availability, and not
all hospitals provide the vaccine. Meanwhile,
prevention and control measures are taken, such as
personal protection against mosquito bites, public
health education campaigns, entomological
surveillance, and reducing the vector population by
space spraying (WHO, 2009).  According to Gubler
(2011), these measures fail to control the mosquito
because they depend too much on technology to
which both the agent and the vector can adapt. For
instance, mosquitoes can become less susceptible
to insecticides (Knobler et al., 2003). Moreover,
space spraying and insect traps also affect insects
other than Ae. aegypti. In the long term, this may
hurt ecosystems by ravaging the food web system.

1.2 Knowledge Gap
Currently, most strategies and research are
focused on these social and technical interventions.
Dengue prevention by using the environment is
relatively underexplored. Most scientific literature
on this topic discusses the environmental impacts
of urbanisation that promote dengue and how
global climate change influences dengue outbreaks
and the behaviour of Ae. aegypti. Yet, there
is still a lack of understanding of how the
environment may be adapted to control
dengue spreads. Landscape architects can help to
develop landscape interventions that reshape the
environment in such a way that it creates
a better balance in the epidemiologic triad
and reduces the prevalence of dengue.

Using the environment to rebalance the
epidemiologic triad could be done in multiple ways.
For instance, by adapting the environment to alter
the behaviour of hosts so that they become less
susceptible to the disease (see Figure 3.a) or altering
the environment to reduce the severity of the agent
(see Figure 3.b). Yet, adapting the environment to
control the mosquito vector has the most potential
because the environment can influence the vector’s
abundance and distribution, which will then affect
both the host and the agent directly (Figure 3.c).

Figure 3. The relation between each factor in epidemiologic triad

1.3 Research Objective
Research Questions

and

The objective of this thesis is:
to provide knowledge on how the redesign of the
environment can be used to reduce the presence of
dengue mosquito.
Therefore, the main research question this thesis
intends to answer is:
How can landscape design help to control the
Aedes aegypti mosquito to curb the spread of
dengue disease in tropical urban areas?
To answer the main research question, the sub
research questions are generated:
1. What landscape design interventions can be
used to adapt the environment to curb the
spread of Aedes aegypti mosquito?
2. In what way can these landscape design interventions be implemented?

3
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CHAPTER 2

RESEARCH METHODS

Illustration by Timothy Banks

2.1 Thesis Structure
Chapter One is the introduction part. Theory
and fact that formulate the problem, knowledge
gap, research objective, and research questions
are explained in this chapter.
Chapter Two is about the research methods. The
conceptual framework for helping to answer
the research questions, the research case, and
the research approach of research through
design has been addressed in this chapter.
Chapter Three answers the first research question.
The chapter starts with findings of what are the
environmental conditions that support the
mosquito, then identifies criteria to avoid these
environmental conditions and develops possible
design interventions.
Chapter Four analysed the research case for
specific site selection for implementing the
possible design interventions.
Chapter Five responds to the second research
question, which figures out how the possible
design interventions can be implemented in the
selected site by exploring three designs that
are based on the intervention level.
Chapter Six is the conclusion and discussion,
which discuss about the issue that emerges in the
design phase.

2.2 Conceptual Framework
2.2.1 Environmental conditions
This thesis focuses on how the environment may
be adapted to promote or counteract the Aedes
aegypti mosquito. For this purpose, the environment
may be reduced to a number of conditions that
benefit or hinder the propagation and survival of
the Aedes aegypti mosquito. Examples included:
temperature, humidity, vegetation structure, and
susceptibility to predation (Gilles and Warrel,
1993; Clements, 1999). Once these environmental
conditions are identified, they may be mapped
to understand the spatial occurrence of the
Aedes aegypti mosquito. Moreover, they may
6

be shaped in such ways as to prevent or direct the
mosquito in desired ways (Wilke et al., 2020).

2.2.2 Landscape design intervention
This thesis uses landscape design interventions
as it is commonly seen as a problem-solving in
landscape architecture lenses. Landscape design
intervention is used for redesigning or adapting
the environmental conditions for curbing the
spread of the Aedes aegypti mosquito. Blue and
green infrastructure is taken as a design tool
because its interventions are based on the
combination of ecology and hydrology strategies
that can strengthen the built environment,
including green spaces and water bodies, by
evoking natural processes and solving stormwater
management issues (Ghofrani et al., 2017;
Ramboll, 2016; IPCC, 2014). Dealing with
water and greeneries, blue and green
infrastructure may act to reduce environmental
conditions that benefit the Aedes aegypti
proliferation in both aquatic and land stages.

2.3 Research case: Semarang is
suffering from dengue
The World Health Organization (2009) stated
that Southeast Asia ranks first in dengue fever
cases worldwide, and approximately 75% of
the burden of the current disease is dengue. In
countries such as Indonesia, Sri Lanka, and
Thailand, epidemic dengue forms the main
public health problem. Indonesia has had the
highest number of dengue cases in Southeast Asia
since the disease was first discovered in 1968. In
2009 dengue had spread to almost all provinces of
the country (Health Ministry of Indonesia, 2010).
As this research needs a site case in order to
apply the design interventions that generated
from scientific knowledge, Semarang City is
chosen. Semarang is an exemplary Indonesian
coastal city that has suffered from dengue fever
outbreaks since decades ago (Figure 4). Dengue
cases first occurred in Semarang in 1972 and
since then have increased each year, making
Semarang as the 3rd city nationwide in the
number of cases in 2015 (100RC, 2016, Figure 5).

Semarang itself is dealing with rapid urban
growth and a hub city that connects other big cities
in Java Island, and has an international airport
and seaport (as seen on Figure 6). Meanwhile,
Semarang government has been trying to combat
dengue by focusing on social and technical
measures, such as (i) raising public awareness,
(ii) mosquito’s eggs/larva surveillance, and
(iii) technical interventions, such as repellent
clothing, mosquito traps, and space spraying
or fogging. However, the interventions are not
evenly distributed throughout the city, and
again, most of the projects do not consider the
environmental factor. The condition of Semarang
City fits with Clements’ theory (2012) which
describes in the previous chapter; about the
reason why the number of dengue is high.
Therefore, Semarang forms an excellent case
to study how the environment can help
combat dengue and complement the social
and technical approaches.

Figure 4. Semarang City (Source: Google Earth Pro)

Figure 5. Distribution of dengue haemorrhagic fever
         in Semarang in 2015 (Pratama & Rahayu, 2016)

Figure 6. The growth of Semarang City (Source: Brommer et al., 2015 and Semarang Development Planning Board, re-drawn by author)
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2.4 Research approach
In order to reach the thesis objective and answer
the research questions, two main methods were
used. Research for design (RfD) was employed
to explore the answer to research question 1.
Research through design (RtD) was conducted
to answer research question 2. The knowledge
derived from the RfD phase offers theoretical
principles and possible design interventions that
support the RtD phase. A description of the used
methods and approaches is provided for each
research question.
RQ1: What landscape design interventions can be
used to adapt the environment to curb the spread
of the Aedes aegypti mosquito?
A literature review was conducted to identify
environmental conditions that are relevant to the
different life-stages of the Aedes aegypti mosquito.
The literature study started with data collection via
databases (mainly books) about mosquitoes from
Wageningen University Library, Google Scholar
to search for journals and online books, and
Connected Papers website to search related
journals.
All the literature in Table 1 is books provided in
the WUR Library. They basically mentioned the
same environmental condition so that I could
derive a conclusion that these are the basic
conditions that support the mosquito. Afterward,
the words in the notes of Table 1 become
keywords whenever searching for more
detailed conditions of the environment that are
beneficial for the mosquito.
Of course, there are arguments- both for and
against the detail of environmental conditions that
support the mosquito. So, to ensure which review
that could be used, multiple journals were used,
and those were written by different authors from
various disciplines. I took journals that its author
has background in entomology, biology, and
infectious diseases, which had research cases
specifically in the Aedes aegypti mosquito.
The literature was collected and analysed
until I obtained enough knowledge and insight
to continue to the next step.
8

Based on the environmental conditions found,
criteria were formulated for how environments
can be adapted to reduce the presence of Aedes
aegypti. The criteria were translated as a general
solution by counteracting the environmental
conditions and how to cope with the problems.
Lastly, the guidelines were translated into
design principles with blue and green
infrastructure interventions that landscape
designers can use to adapt the environment to
reduce Aedes aegypti. The design principles were
formulated based on the criteria, which became
a basis for analytical thinking in how to achieve
them by using ‘if…then’. For instance, if I
want to reduce the building density, then I need
to demolish some of the buildings. If I
demolished the building, then the people
need to be relocated, and so on. The design
principles should give openness to allow the
designer to apply the principles to any
similar case.
The result of RQ1 will be an overview of
criteria and possible design intervention
that will be an input to answer the RQ2.
RQ2: In what way can these landscape design
interventions be implemented?
RQ2 was answered by testing the
interventions in a site. Before that,
selection was conducted to get a
site design. A specific site is needed
mosquito movement is limited.

design
a site
specific
as the

Site selection
Before implementing the possible design
interventions, analysis in the research case
study area was done by two steps: the analysis
on the city scale and site scale. A field survey
in Semarang City was conducted beforehand,
and the data that were gathered were used for
the analysis phase, combined with geo-datasets.

Table 1. Main literature

Author and Year
Clements, 1992

Clements, 1999

Clements, 2012

Title
Mosquito: development, nutrition, and reproduction

Notes
• Climatic condition: temperature, rainfall, wind
• Biotic condition: the presence of predator, diets, and waterbearing plants
• Anthropocentric: urbanisation and high human exposure
Mosquito: sensory reception and • Biotic condition: the presence of predator, diets, and waterbehaviour
bearing plants
• The presence of stagnant and transient water
• Water temperature and gradient
• Anthropocentric: urbanisation and high human exposure
Mosquito: transmission of viruses • Seasonality: wet season
and interaction with bacteria
• Anthropocentric: urbanisation, high human exposure, and water
management

Gilles and Warrel,
1993

Essential malariology, the 3rd
edition

Gullan and Cranston,
2005
Thrusfield, 2018

The insect: an outline of
entomology (the 3rd edition)
Veterinary epidemiology

The first analysis was executed on the whole
city scale and had two objectives: to get a basic
understanding of the city and to get a bigger
picture of environmental conditions in the whole
city so that the result can show which area has
more supportive situations for the mosquito
proliferation. However, in this phase, I use the
three layers of the landscape as a base because
each of them augmented the environmental
conditions that were explained in section 4:
(i) abiotic layer: land surface temperature and
rainfall, (ii) biotic layer: green spaces typologies,
and (iii) occupation/ anthropocentric layer: flood
risk, impervious areas, urban typologies, block
waterways, canalised in the downstream, and
use of artificial containers.
To obtain the second result, a map overlay
method was employed using ArcGIS Pro 9.2.
First, the maps that included in the overlay
analysis were: land surface temperature,
rainfall, green spaces typologies, flood risk,
impervious areas, and urban typologies, and the
other three were analysed in descriptive form.

• Climatic condition: rainfall, temperature and humidity
• Stagnant water: man made lakes or ponds with impermeable
surface
• Water-bearing plants
• Settlement condition
• Climatic condition: temperature
• Biotic: the presence of predator and diets
• Climate: temperature and dryness
• Biotic condition: the presence of predator and diets
• Landscape structure: patches, corridor, matrixes, and ecotones
• Anthropocentric: development and land use conversion,
population growth and migration

These maps were turned into ‘criteria maps’ that
had three categories: support, less support, and
not support (-the environmental conditions that
support the mosquito). After that, I overlayed all
these maps and ranked these categories from 1
(not support- the lightest colour) to 3 (support- the
darkest colour). In total, there are six maps
that are used and this means that the total score
ranges from 6 to 18. The composite maps still
had those three categories with score range: not
support (6-9), less support (10-13), and support
(14-18). Then, as the darkest colour represents
the supportive area, I chose the specific site
area which had the highest score (18).
The specific site scale is needed to implement
the design interventions in the research through
the design phase. Moreover, because the
mosquito is a small living creature with a
limited flying range, applying interventions based
on their’ point of view’ is more effective rather
than applying interventions on the regional scale.

9

Blue and green infrastructure assessment in the
specific site
After the site design area was obtained, the site
scale assessment was carried out. As the research
through design always needed a site-specific
research component (Bruns et al., 2017), The sitescale analysis was focused on the existing blue and
green infrastructure that was assessed to see what
are the most urgent environmental problems that
occur, to check to what extent they meet the criteria
for preventing the development of the mosquito,
and where to implement the design interventions.

Research through design
Research through design (RtD) is a methodology
developed to use the design process to
generate new knowledge. When the employment
of design is properly applied, the design can
solve problems and find spatial solutions
(Lenzholzer et al., 2013). In this thesis, successive
iteration of the RtD was used as a method
to explore the potential of possible design
interventions to curb the dengue vector
mosquito. After the analysis phase, the RtD
process was applied on three different designs
based on its level of interventions: the minimal,
medium, and extremve; to see to what extent
the design interventions can achieve effective
results and what are the frequent design
interventions that can be used in various
conditions. After the design process, a
design assessment was conducted to evaluate
the proposed design. The evaluation itself
was based on the criteria that were generated
in the research for the design process.

Figure 7. Research flow design
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CHAPTER 3

ENVIRONMENTAL CONDITIONS
AND
DESIGN INTERVENTIONS

Illustration by Timothy Banks

This chapter describes the environmental
conditions that support the Aedes aegypti
mosquito and identifies the general solutions
(criteria) that can be used to avoid these
environmental conditions. Because we want to
enable designers to intervene at different points in
the mosquito’s development, these environmental
conditions and criteria are linked to the
life-cycle of the mosquitoes.

3.1 Environmental conditions
that support the dengue vector
mosquito
Aedes aegypti’s life cycle is similar to other
insects with complete metamorphosis. There
are two main phases; the first is the water stage
which refers to eggs, larvae, and pupae; and
the other is the land stage, which refers to the
adult winged mosquito (Figure 8). The mosquito
breeding will take place about 28 hours after the
adult emerges, and in general, the egg needs ten
days to emerge into the winged-adult mosquito.
Once a female has mated, it can continue to do
oviposition for the rest of her life and lay up to
200 eggs at a time (NEA, 2020; Clements, 2012).

Figure 8. The life-cycle of Aedes aegypti mosquito

3.1.1 The water stage
In the water stage, mosquito take seven to ten
days after the eggs are laid, a fully formed
adult emerges from the water and flies off.
During this stage, developing mosquitoes
require the following environmental conditions:
12

Stagnant (transient) water
Stagnant water refers to water bodies that can
hold water for a long period of time (e.g., lakes,
marshes, and ponds), or be temporarily formed
(e.g., puddles). Stagnant water is important
because of its stability in bearing water, and as
long as the water bodies can hold water in seven
to ten days, it will become a new habitat for the
mosquito (Clements, 1992). Many Aedes species
deposits their eggs on the ground where the
transient water appears. In the flood plains where
shallow depression fill after the floodwater
retreats; in the upland, where there is wooded
areas and the shallow depression are fed by
rainfall; and in the coasal area, where the
pools remain after exceptionally high tides
(Clements, 1999). When the transient water
bodies that containing eggs is drained, the eggs
can maintain their viability for several months
and be hatched when immersed in the water.
Many parts of the city can create stagnant
(transient) water bodies. For instance, a space
with lots of concrete that does not provide proper
water infiltration, or a place with limited green
space coverages. These conditions can increase
the water runoff, as the rainwater has nowhere to
go and will become stagnant for a period of time.
Then, a canalised river or channel can also be a
cause of transient water bodies’ presence. Even
though the water movement is hazardous for
the immature (water phase) mosquito, this also
can turn into a negative impact. The canalised
river will make the water move faster in the rainy
season. If not well-maintained (such as no
regular dredging), it can cause sedimentation and
siltation in the lower part of the waterways
and create new spots of transient water. Its
concrete surfaces also cannot help to infiltrate
the water, because the space is inadequate. All
of these circumstances bestow suitable breeding
habitats for the mosquito in the middle of city
life. In addition, human activities can also
create stagnant water, such as artificial containers
for
drinking
water,
solid
waste,
or
(neglected) drainage channels (Gubler, 2008;
Gilles and Warrel, 1993).

Water temperature

Water temperature determines the survival
and longevity of Ae. aegypti eggs. The eggs
will hatch in 24 to 72 hours in temperature
between 150C to 160C and 340C (Couret and
Bennedict, 2014 in Reinhold et al., 2018;
Eisen et al., 2014). As they prefer warm
water,
temperature
between
250C
and
280C is optimal for the eggs to hatch
(Byttebier, 2014; Gullan and Cranston, 2005;
Clemets, 1999).

Water gradient
Ae. aegypti prefers water bodies that has
gradient. They tend to do oviposition on the
water surface, especially close to the waterline
(CDC,2020; Clements, 1999). Moreover, shallow
water bodies are preferable because there
are more organic detritus, including bacteria,
which provide the larva and nymph diets
(Wong, 2011; Clements, 1999). While the pupae
will stay near the water surface to inhale
oxygen and will not eat due to the body process
of transforming into a winged adult mosquito.

3.1.2 The land stage
In nature, the average lifespan of male
mosquitoes is three to seven days, while
female lives three to four weeks, or can live
months under optimal environmental conditions.
During the land stage, the mosquitoes require
water and food resources which are found in
environments with the following conditions:
A high density of built-up area

the higher opportunity the mosquito has to
encounter food or sites for oviposition. The adult
mosquito is not found further than 100 metres
of human settlements, which means the mosquito
is basically living together with people
(Clements, 1999). A study in Guangzhou by
Ren et al. (2019) shows that there is a higher
dengue fever incidence rate in the area covered
by impervious surfaces because it indicates
higher population density, which increases the
people’s exposure to the risk of dengue fever.

The presence of plants

Both male and female mosquitoes live their
lives with only two purposes: to feed and breed.
Naturally, all adult mosquitoes eat nectar,
honeydew, or liquid from rotting fruit. Besides
that, the mosquitoes also tend to lay their
eggs in terrestrial plants that can hold water
(phytotelmata plants), such as bromeliads and
asplenia (Gilles and Warrel, 1993; Clements, 1992)

Shelter spaces and land
temperature
Ae. aegypti favours to linger and rest in shady
areas to escape harsh sunlight and wind that can
bother their capability to fly and to prevent them
from drying out while resting after a blood meal
(Lorenz et al., 2020; Sukiato, 2019). They also prefer
shaded areas in choosing oviposition sites
(Barrera et al, 2006 in Wong et al., 2011). There
is a preferential attraction of Ae. aegypti to
black, red, and dark shades of colours, likely
reflecting their attraction to the shady areas
(Ritchie, 2014). Even though the mosquitoes
prefer shady spaces, the temperature affects
their flight and feeding activities. The optimal
temperature for them is between 270C and 310C
(Reinhold et al., 2018; Morin et al., 2010).

Mosquitoes prefer dense urban environments
mostly because they provide more food (hosts)
and opportunities to reproduce (stagnant water).  
Because of the flying range of Ae. aegypti is
limited (up to 540 metres), the denser an area is,
13

3.1.3 The predation
As explained before, the mosquito population
is abundant in the city is also due to its lack of
predators. Land conversion for city development
by removing the green patches will lead to metapopulation and habitat loss; this becomes a root
problem for biodiversity loss as well as mosquito
predator loss. In this case, bringing back nature to
enhance biodiversity can be an option to provide
a suitable habitat for the missing predator of the
mosquito (Gullan and Cranston, 2005). However,
the action should be studied carefully. The use of
vegetation must be appropriately chosen not
to attract the mosquito but still provide
proper shelters and diets for the predator,
especially in the presence of water. It means
that knowledge about the predator species
is also needed. Looking at the food-web system,
the mosquito has its predator in both aquatic
and land life stages (Figure 9). As follows is
the list of the mosquito predator:
a. The water stage (target: larvae and pupae)
The
predator
Fish

Frogs and
toads
Ducks

The needs of environmental conditions

Birds

Lizard

They are likely to choose the
branches and dense trees as their
sleeping tree. Most of the urban
insectivore birds will eat other insects
than the mosquito. However, some
species of birds prefer to eat mosquitoes,
for instance, swallow and hummingbirds.
Lizard is the main predator of mosquitoes
in the house. They do not need any specific
living conditions

c. Both of the life-stage
The
predator
Dragonflies

The needs of environmental conditions
The dragonflies are the major predator
of mosquitoes. Its nymphs eat mosquito
larvae, and as agile fliers, it is also able to
catch the adult mosquito. The dragonflies
are attracted to water and prefer to live
in the natural ponds, which have aquatic
plants. Especially the emergence plants with
vertical stems or leaves, such as
Neomarica sp. and Typha angustifolia that
can be a shelter and protect them
from the wind. Dragonflies like sunny
areas that provide a place to perch as
they need the energy from sunlight to
heat up before flying. The dragonflies
are also a bio-indicator of clean waters.

Depending on the fish species, some can
survive in polluted water and stagnant
water, and others prefer freshwater and
flowing water bodies.
Prefer to live near water area, needs
coverage and hiding places (such as wildflower, shrubs, or ferns)
Husbandry animals, like to eat most of the
insects

b. The land stage (target: adult mosquito)
The
predator
Bats

14

The needs of environmental conditions
As a nocturnal creature, the bat is one
of the wild faunas that are well-adapted
to city life. Naturally, the bats live in a
cave or natural cavities such as rock outcrops or lush trees. However, in the urban
setting, they live in buildings that have
slate roofs, stone walls, hanging tiles, or
exposed wooden beams. Especially when
the buildings are located near the woods,
they are also found in other human-made structures such as tunnels or aqueducts. They will go to the river, stream,
pond, or lake to drink and hunt insects.

Figure 9. The predation of mosquito larvae by fishes (Illustration
by Hashime Murayama)

In addition, as the vegetation mainly become
a home for those predator species, below are
the principle of the vegetation planting for the
predator:

Repeating a group of plants as wildlife are attracted to familiar forage. The minimum width of the
plant group is 0.5 metre

3.2 Criteria to oppose
environmental conditions of the
mosquito
The criteria are ways in which the environmental
conditions mentioned above can be mitigated or
avoided. The criteria can form the basis for design
interventions. Ten criteria are devised:
Keep the water flowing

Using various horizontal and vertical structures to
create a niche

Creating an island/ open space to create variation
and let the wind blow

Creating variations with sun and shade patterns as
different species have different preferences.
And as follows are the principles to build the
wildlife pond for mosquito predators in the aquatic
stage:
1. The pond should have various depths of water
in order to provide aquatic niches
2. The minimum surface area is 6 m2
3. There should be large rocks that stick out of
the water as perch stones
4. The use of pebbles in the side of the ponds for
transition movement of amphibians and birds
5. Planting criteria:
• Use various aquatic plants
• Use various plant types in the side of the pond:
ground covers, shrubs, trees
• The use of plants near the water as wind protection, shelter, and hiding places
• Use long-stem plants such as Typha
angustifolia or Neomarica longifolia

Flowing water is very important in hindering
the growth of water stage mosquitoes because
eggs, larvae, and pupae will be flushed away
with the water. Flowing water also helps to
balance nutrients and oxygen in larger water
bodies, which benefits other aquatic life, including
predators of water stage Ae. aegypti mosquitoes.

Increasing infiltration
Increasing infiltration can help to reduce
transient water, mainly in areas with lots of
impervious surfaces (e.g., asphalt roads, a plaza,
or a park that is covered with concrete pavement).

Shades near water
Water bodies absorb the heat during the day
and are not very effective in cooling the
surroundings. However, the shades near water
can help in reducing the water surface
temperature. The densely grown plants keep
the water cooler by evaporating extra water (Lenzholzer, 2015). The cooler water bodies can delay the growth of water stages
mosquitoes and provide more comfortable
conditions for the predators, especially toads
and birds.
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Water depth minimal 1 metre
Aforementioned that the mosquito is preferably
living in the water bodies no more than 1
metre. Creating a solution for minimal water
depth is quite simple; however, it is difficult
to have no water gradient. A retention pond or
drainage can have no water gradient, but mainly
a natural or even an artificial pond or lake needs
the water gradient to serve the predator needs.

Reduce density
A less densely built-up area will reduce human
exposure to getting bitten by the mosquito.

Planting the right plants
Choosing the right plants is crucial to prevent
the mosquito from laying their eggs in the
phytotelmata plants. Plants also can help in
increasing water infiltration, cooling the air and
water temperature, and alluring the predator.

Reduce sheltered space
Reducing shady space can create openness in
the area. The open area is intended to let more
sunlight in and allow the wind to blow into the area.

Provide diets for predators
The diversity of predators is always related to
the food-web system. It is important to choose
a target (predator) species as a starting point
to determine what kind of diets (other than the
mosquito) they need.
Provide water for predators
When alluring the predator, providing water in the
area is crucial as their life depends on the presence
of water.

3.3 Possible landscape design
interventions
Based on the criteria, landscape design
interventions that can be used to curb the spread
of Aedes aegypti mosquitoes were developed. In
total, there are twelve interventions, and each of
them covers one or more principles (see Figure 10).

Reconnecting water bodies
To avoid stagnant water and improve water
flow, rivers and drainages can be (re)connected.
Waste accumulation or a sudden end of
water channels should be avoided. Ponds that
do not function as retention ponds should
also be connected with other water bodies
to keep the water flowing and circulating.

Constructed wetlands
Provide shelter for predators
The shelter refers to vegetation that can become
a home or just a stepping stone for the predators.
Even a single tree or shrub can facilitate many
species. Combining various types of vegetations
can provide more opportunities for them.
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A constructed wetland can be a part of the urban
water system to reduce the presence of stagnant
water after heavy rain. It can also enhance biodiversity and facilitate predators of Ae. aegypti,
especially in the aquatic stage. The constructed
wetland has been used in New Hampshire to
control mosquito populations (EPA, 2004).

Banks nourishment
Nourishing and expanding the river or canal banks
by using vegetation will help in infiltrating more
water into the ground. The banks will become
a new green corridor and provide habitats for
mosquito predators in both water and land stages.

Sinuous
Change in the river or drainage shape and its bank
form (from straight to meander) can increase
habitat opportunities for the predators.

Wildlife pond
Green strips
Green strips can function in infiltrating excessive
water so that there will be no transient water on
the ground; this can be combined with trenches
or swales to catch the runoff from the road.
In the urban areas where the green spaces are
scattered distributed, the green strips can connect
them and also become a green network to
facilitate predators’ movement and habitat. A strip
that is planted with specific repellent plants can
serve as a green barrier to repel the mosquitoes.

Parks
Parks can serve as a water infiltration area. As a
park may vary in size, shape, and public facilities,
it may have water features. It is better to make the
water circulates to prevent the presence of water
stage mosquito. Concave areas with impervious
surfaces (e.g., skate facilities) should be avoided
as they can hold transient water after the rain. A
Park with various types of vegetation offers a home
for mosquito predators. The tree canopies provide
shades to maintain water and land temperature,
which can restrain the growth of mosquitoes.

Pervious surface

The wildlife pond is intended to establish a habitat
that can accommodate most mosquito predators:
dragonflies, birds, toads, and fishes. The water
source can be from rainwater, water channels, or
rivers. The criteria to build the wildlife ponds can
be seen in section 3.1.3.

Re-adjust the settlement area
By re-adjusting a dense settlement, there will be
more openness in the area. The new open area can
become a green space in order to enhance water
infiltration and allure the predator. The action of
re-adjustment includes relocation or demolition of
the houses and new placement. There are things
that need to be considered: prioritize to remove
and/or relocate the informal settlement; and make
a barrier (can be green strips or road) every 300
metre to limit the movement of mosquito.

Underneath water storage
Harvesting the rainwater and saving it underground will give less risk of mosquito eggs dissemination. The water storage can be placed
beneath the neighbourhood park in the area.

De-paving impervious surfaces and transforming
them into pervious surfaces (e.g., porous asphalt,
pervious concrete, permeable interlocking
concrete pavers) allows the water to infiltrate
more and seep into the soil and reduce runoff.
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Selection of plants
Certain types of vegetation can be used depending
on the purpose of the plantation: to infiltrate water
to help reduce stagnant water, provide diets/shelter
for mosquito predators, and to repel mosquitoes.
Preferably using the native species and planted
in multiple layers: the combination of groundcovers, shrubs, and trees. However, the planting
composition should not be too dense; at least it
must still allow sunlight in through its leaves. See
the Appendix for plant list choice and purposes.

Open area
A break between buildings, houses, or inside
the green patches is important to increase sun
exposure and still let the wind blow. The open
space between buildings can be used as a pocket garden which has benefits for the predator, a playground, or a shared space. The space
also can be a gap to stop mosquito movement.

Figure 10. Overview of design interventions
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CHAPTER 4

SPECIFIC SITE SELECTION
AND
ANALYSIS

Illustration by Aries Davis

This chapter investigates where the environmental conditions that support Aedes aegypti
occur in Semarang City. Based on that analysis, a specific site is selected to implement the design
interventions. The second part of this chapter analyses the condition of the current blue and
green infrastructure on the selected site.

4.1 Environmental conditions problem in Semarang
4.1.1 Stagnant (transient) water
The presence of stagnant (transient) water is caused by precipitation, floods, impervious surfaces,
canalised waterways, artificial containers, and blocked drainages. As follows are the explanation:

Precipitation
Rainfall is a major water source in Semarang due
to the tropical climate which includes a monsoon
season from November to March. Excessive
precipitation can increase the number of
transient water bodies, such as puddles.
Figure 11 shows that the amount of precipitation
in the whole city supports the mosquito growth.

According to Semarang Health Department
(2020), dengue incidences mostly occur in
the months of following the monsoons, from
February until April (see Figure 12). This is
understandable since most of the transient
stagnant water occurs after heavy rainfall, and
mosquito breeding time is only in ten days.

Figure 11. Extrapolation rainfall pattern distribution in Semarang (Source: left- Semarang Development Planning Board, re-drawn by Author;
right- Author)

Figure 12. The number of dengue cases throughout the year 2019 and 2020 (blue line: the incident cases; black line: the death cases) (source:
Semarang Health Department)
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Floods
Certain areas of Semarang are prone to flooding.
Because the city is located on the transition
between coastal plains and foothills, Semarang
suffers both from tidal floods and pluvial floods
(100 Resilient Cities, 2016). The tidal floods
happened due to sea level rise and loss of
mangrove belts in the coastline (WAL, 2018),
while the pluvial floods mainly due to land
conversion and poor water system. In addition, the
government raised the street level every few
years to avoid tidal floods (see Figure 13).
However, this makes residential areas lower than
the street so that the water flows towards the
settlement and this leading to pluvial floods. As
seen in Figure 14, the high risk areas occur in the
alluvial plain area where tidal and pluvial meets.

Areas in the North part of Semarang that show
the low and medium risk are aquaculture
practices. These floods can remain for two weeks,
and create new transient water spots after. Thus,
it bestows lots of breeding spots for Ae. aegypti.

Figure 13. Settlement level is under the street (Doc: Author)

Figure 14. Flood risk (Source: left- Semarang Planning and Development Board, re-drawn by Author; right- Author)

Impervious surfaces
Semarang features many impervious areas, such as
asphalt roads, settlements, and public spaces that
paved with concrete; which cannot cope with all the
rainwater. The areas are prone to stormwater runoff and floods, which contribute to the presence of

stagnant water, especially in the rainy season. As
seen on Figure 15, the impervious areas are urban
centres, where the buildings and roads are mainly
developed, replacing the natural green spaces.
Figure 16 shows how the concrete surface took
over the area.
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Figure 15. Impervious surface area which contributed to inadequate water infiltration (drawn by author)

Figure 16. Examples of impervious surfaces in Semarang: the use of impervious pavement in the park beside the west flood canal (left);
impervious road in the industrial area with puddles (middle); asphalt and impervious pedestrian pathway in settlement area (right) (doc: Author)

Canalised waterways in the downstream
In the middle up to the lower part of Semarang,
most of big rivers and drainages are canalised to
accelerate the water flows to avoid flash floods
(Figure 17). This is a good thing to wash away
the water-stage mosquito. The water goes directly
to the Java Sea, and there are sluice gates near
the tangent point between the river and the sea to
help control the water. As the water moves faster
because of the canalisation, the water brings
sediments and makes siltation downstream
(especially when the condition is not wellmaintained, such as no regular dredging, see
Figure 18). Subsequently, in the last decade, the
water from upper Semarang is detained in the
lower part of the city due to tidal floods. These
conditions are worsening the floods, and creating
many transients water spots after a heavy rain
because there is not enough force of water flow.

Figure 17. Canalized waterways in Semarang (above: drawn by
Author; below: doc Author)
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Figure 18. Siltation in canalised rivers (doc: author)

Artificial containers
A dry season (low rainfall) make people store the
water in containers, creating a breeding habitat
for the mosquito (WHO, n.d.). In Semarang, the
artificial containers are mainly used to harvest
rainwater (Figure 19). Even though Semarang
has many rivers and tributaries, water needs are
still in high demand. That is why the vulnerable
community is harvesting the rainwater in the rainy

season for later use by collecting it in a drum or
bucket. Hence, the female mosquito freely lays
eggs in the containers because people rarely
cover them, nor even using a net. When containers
are not prone to desiccation, sun-exposed
containers reach warmer temperatures and support
more generations of Ae. aegypti than
shaded containers (Kearney 2009 in Wong 2011).

Figure 19. The use of drum and bucket for water collection (doc: left and middle- Jawa Pos; right- Author)

Blocked drainages
The dense network of the waterways has already
become a threat because they are contributing to
create surface water floods, as they not capable
to accommodate runoff in the rainy season.
However, this condition is getting worse because
many drainages have been blocked by garbage,
sedimentation, or have been cut off (Figure 20).

In the centre part of Semarang, between the west
and east flood canals, the drainages are full of
garbage. The garbage itself is already suitable
as the breeding site of the mosquito; the fact
that it is on the water and blocking the water
flows makes the probability even higher as
Ae. aegypti tend to lay their eggs near and on
the not flowing water bodies.

Figure 20. Left- area with blocked drainage and garbage in Semarang (drawn by Author) and right- blocked river due to garbarge (doc:
Semarang Municipality)
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4.1.2 Water Gradient
Most of the water bodies (except the waterways)
in Semarang are retention ponds, man-made lakes,
and a water reservoir, some of them has water
gradient and others not (see Figure 21). I did not
provide map or data in this scale as it was very
difficult to gather data for the whole Semarang.
Figure 21. Man-made pond with water gradient (left) and retention
pond with no water gradient (right) (doc: Author)

4.1.3 Water and land temperature
Water takes longer to heat up and cool down which
has an impact on the air temperature. Higher air
temperatures can cause higher water temperatures
and vice versa (Yu et al., 2021), so the map of land
surface temperature is used. The map (Figure 22)
also shows the temperature above water bodies
(the red colour in the map is a big water reservoir).
The average temperature of Semarang in a year
is quite constant, around 280C (BMKG,2021).

As mentioned in Chapter 3, the ideal range of
temperature suitable for Ae. aegypti development
is 270C up to 300 C. Therefore, Semarang has a
very suitable conditions for Ae. aegypti. High
land surface temperature in the city occures in
urban centres. This mostly due to large amounts of
impervious surfaces, such as roads and buildings,
which absorbs heat more rapidly during the day
and releases it slowly at night (Lenzholzer, 2015).

Figure 22. Land surface temperature (Source: Sasmito, 2019, re-drawn by Author)

4.1.4 The density
As mentioned in Chapter 3, urban density are
related to the dispersion of the mosquito due to
the high chance of seeking for bloods. The density
in Semarang is related to the urban typologies.
As seen on Figure 23, the urban typologies are
classified into six categories: marine village,
old town, regular urban fabric, hilly urban
fabric, industrial area, and economic activities area.
See Appendix for more detail of urban typologies
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characteristic. The regular urban fabric, old town,
and marine village are the most dense typologies
and serves supportive habitat for Ae. aegypti;
while the hilly urban fabric is not too dense and
still has green spaces in between the buildings,
so that it offers less supportive condition for
mosquitoes. Figure 24 shows the dense difference
between regular urban fabric and hilly urban fabric.

Figure 23. Urban typologies and density (drawn by author)

Figure 24 Semarang density in regular urban fabric (left) and hilly urban fabric (right) (doc: left- Author; right- Semarang Municipality)

4.1.5 The lack of green space for predator
The green typologies are closely related to the
presence of mosquito predator species. Semarang
has eight types of green typologies (left drawings
in Figure 25), from natural (e.g., riparian) to manmade (e.g., park and forest plantation). All of
these types have their own role in supporting the
predators. In Semarang, the number of habitats is
declining for the sake of fulfilling the needs
of human living space and grey network
development for city expansion. This can be
obstacles for the predator, leading them to suffer
from metapopulation, habitat loss, and affecting
their migration. For instance, in recent years,
the main predator of mosquitoes- the dragonflies

are rarely found due to habitat loss. And it means
that there is a decrease in the quality of the
water bodies as the dragonfly is a bioindicator for
water quality. The right drawing in Figure 25
shows: areas that has a high quality of the habitat
where the foods and shelters are richly provided,
(categorised as not supportive for mosquitoes);
areas with lower quality that offers fewer foods
and shelters (categorised as less supportive);
and area that provides no habi tat where there is
almost no proper diets source or shelters for the
species (categorised as supportive). However,
the no habitat can be a potential area to develop
the new stepping stones to enhance biodiversity.

Figure 25. Maps of existing condition of green typologies (Source: Semarang Development Planning Board, re-drawn by Author)
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4.2 The composite map and
specific site selection
After overlaying all the supportive maps, the
composite map was generated. The map (see
Figure 26) shows areas with the environmental
conditions that underpin mosquito proliferation.
The environmental conditions are mostly found in
the central-east part of Semarang. A comparison
of Figure 5 in the Chapter 2 (re-inserted to this
section) indicates that the environmental conditions
and dengue cases largely overlap. Based on
this map, a site can be selected to apply design
interventions. The red border indicates the selected
site, which located in the central-east of Semarang.
The specific site area was chosen because of all
the dark grey areas, it has the most dengue cases.

barriers for mosquito movement. The site design
area is 300 hectares with mixed landscape
elements. Approximately 10,400 people inhabit
this site. In general, the site has oppressive
strengths: major roads were built on asphalt without
sufficient greeneries on the sides, narrow streets
that were also built on impervious surfaces, leaving
no room for water infiltration, very dense low-rise
buildings informal settlements, and poor managed
blue (e.g., aquaculture) and green spaces (e.g.,
vacant bare land) which very suitable in
providing suitable habitat for mosquitoes.
However, the existing green and blue spaces has
potential to develop.

According to Thrusfield (2018), road, highway
or waterways can create a barrier for a species.
It can be the reason why dengue spread is
mainly distributed between the East Flood Canal
and the highway. Therefore, the canal and
highway were decided as a frame for the site design
area because these two elements are physical

Figure 26. The composite map of supportive environmental condition for mosquito proliferation (drawn by author)
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Figure 27. The site selection area (Source: left- Google Earth; right- Author)

4.3 Specific site assessment
This section is assessment of blue and green
infrastructure quality to check to what extent
it meets the criteria for preventing the
development of the mosquito.

4.3.1 Blue infrastructure
It can be clearly seen on Figure 28 where the
environmental conditions that support the
mosquito occurs in the site. Half of the area
is a severe flood prone area and part of the
reason is because the water in the area is not
flowing well. The waterways are either blocked
by the trashes or have been cut off. The rainwater
cannot infiltrate because most of the dense
settlement area and all the roads are built on
asphalt. The roadside does not have any space
left to infiltrate the water runoff, which can create
transient water spots (see Figure 29).

Figure 30 shows the existing condition
of collector road which has lots of impervious
surfaces: two ways asphalt lane without separators,
and almost leaves no space for greeneries.
The existing trees grow in concrete, have little
room to receive the water, let alone help
infiltrate the water when the rain comes.
Furthermore, the site area is very densely
populated, the houses are leaving almost
no space in between. This exacerbating the
presence of transient water after the rain.
The site has several ponds used as retention
ponds and fishing ponds- which are made by
the dwellers. The ponds are located in the
middle of the settlement area. The water
is stagnant, has no shades around the water
bodies, and some of the ponds has
water depth that less than 1 metre; these
conditions are very habitable for the mosquitoes.
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Figure 28. Blue infrastructure that supports environmental conditions of the mosquito

Figure 29. Existing condition of arterial road (Source: left- drawn by Author; right- Google Street)

Figure 30. Existing condition of collector road (Source: left- drawn by Author; right- Google Street)
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4.3.2 Green infrastructure
Environmental conditions of the green
infrastructure that support the mosquito
occurs in the site can be seen on
Figure 31. The site has a vacant land
with wet conditions that are very
suitable as a central breeding habitat for the
mosquito, as it provides stagnant
water (see Figure 32). The canal banks
almost have no vegetation which
contributes to high temperature in
this area. It also poorly maintained
and offer no biological value to attract
mosquito’s predators (see Figure 33).
Subsequently, the site has many  
scattered green spaces and most
of them are open (bare) land, no
planting, no vegetation that can
support the shelter and diets for
mosquito’s predator, and the neighbourhood parks are built on concrete.
However, this site has many
potentials to develop the green
infrastructure. The road is possible
to turn into green corridor, connecting
the scattered green space to facilitate
wildlife movement; the vacant wet land
and other bare lands also can be
transformed as green public spaces
that can support mosquito’s predator
as well as to infiltrate rainwater.

Figure 32. The vacant ‘wet’ land besides Grand Mosque (doc: Author)

Figure 31. Green infrastructure that supports environmental
conditions of the mosquito (drawn by Author)

Figure 33. The East Flood canal banks (doc: Author)
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CHAPTER 5

DESIGN FOR DENGUE

Illustration by Aries Davis

In this chapter, the possible design interventions
are applied in three designs. These three designs
represent different levels of interventions.
The first design, The Strips, features limited
interventions. The second, The Parks, features
medium intervention. The last, Sponge District,
features high interventions. The design illustrates
how the possible design interventions can be
adjusted and combined based on the site
conditions.

5.1 Design I - The Strips
With minimal intervention, this design focuses
on the most urgent problem of the site, which is
the presence of stagnant and transient water. The
design therefore features mostly water-related
interventions, such as enabling the water to flow
and infiltrate by reconnecting the water bodies,
including the drainages, to keep the water
circulating; this action can reduce the presence
of eggs. The existing ponds are deepened up
to 1 metre and used as aquaculture ponds,
preventing the pond from being an oviposition site.
The major roads serve as green strips that can help
to infiltrate stormwater from the asphalt roads.
The canal banks are planted with plants that can
help to infiltrate more water. The semi-permanent
market is kept, however, to minimise the mosquito
spread from the ‘wet’ areas, repellent barriers
are planted. The selection of vegetation for this
design was based on the plant list with the ability to
help infiltrate more water and has repellent effects.
The plan of The Strips can be seen in Figure 35.

Arterial Road
To improve the infiltration of runoff water from
the roads, green strips are created along the roads
(Figure 36). In these green strips, swales are dug to
catch the runoff water and let it infiltrate. Bioswales
as green strips are chosen because the arterial road
has enough spaces for implementing them. Two
types of swales are proposed for the side of
the road: curb bioswales and strip bioswales
(in the roadside and median). Both have gutters
to let the water runoff in, and are planted with
trees and shrubs to increase the infiltration rate.
First, the curb swales are taking the road width
because it bump-outs, designed in patches
(not continuous), and gives space for parking
spots. The other side of the road is designed
with strip bioswales. The continuous plantation
has more benefits than the curb swales as it has
more space to let the water in and infiltrate.
The continuous swale has additional benefits,
mosquito sensory system can detect the heat
in human body because it attracts them to bite.
The continuous trees will create more thermal
comfort for pedestrians by providing the
shades. Then, the strip swales can also increase
people’s safety by bordering the road and
pedestrian pathway.

Figure 34. The Strips concept (drawn by Author)
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Figure 35. The Strips plan (drawn by Author)
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Figure 36. Proposed design for arterial road (drawn by Author)

The median is de-paved and replaced with
vegetation. It has gutters on the side and is
planted with low vegetation (preferably
Bougainvillea sp. because it has very good
tolerance with heat), and grass to cover the latter
space to increase infiltration and letting
the water seep into the soil. The median also
has drains in the middle that are connected
directly to the sewerage pipe. When heavy rain
comes, the water can go directly to the pipe,
accelerating the infiltration to avoid the new
transient water spots. Another advantage of
planting the median by low vegetation is that
it increases driver safety by maintaining their
visibility and blocking the light from the opposite
lanes.
The green strips on the roadside is planted
with layered composition: trees and shrubs to
attract predators of Ae. aegypti. The visualisation
shows how the roadside is planted with trees that
have attractive colours and flowers (e.g., Tabebuia
chrysantha), unique character that is more
aesthetically pleasant (e.g., Terminalia mantaly),
or trees with dense canopy (e.g., Tamarindus
indica- this tree is known as the identity tree
of Semarang). The illustration wants to show
that the plant can still fit in the site. I suggest
using trees with stronger character or colours
for curb bioswales because it can be a sign for
parking spots. See Appendix to see which trees
can provide more shade and help to
infiltrate water.
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Collector Road
To help in infiltrating runoff and give more space
for the trees to grow, the conditions of the trees
in the collector road is improved (Figure 37). The
proposed design does not change the street condition. The trees are planted in planter boxes with at
least 1 x 1 m² with a root barrier to have a proper
space to grow and not embedded in asphalt anymore; this will also leave more room for water infiltration (Figure 38).

Figure 38. The root barrier (re-drawn by Author)

Figure 37. Proposed design for collector road (drawn by Author)

Repellent Barrier
To repel the mosquito, a green strip that has
function as repellent barrier is introduced to the
site. The ‘wet’ vacant let is surrounded by informal
settlements and there is a semi-permanent market that still functions until today. The repellent
barrier is proposed around the ‘wet’ vacant
land to minimise the mosquito movement
from the breeding site. The barrier is planted
in two lanes of repellent trees combined with
repellent shrubs (e.g., Cymbopogon nardus
and Evodia suaveolens). There are three tree
planting compositions, as seen in Figure 39.
The first composition is only using the
neem tree (Azadirachta indica). Neem tree is a

well-known species for repelling mosquitoes; from
the leaves to its roots, everything can be used, and
the presence of the tree itself is aromatic (Singh,
2012). It will give the place a strong character as
this tree is planted at one time. The second is using
neem trees as the first lane and other species
such as Melaleuca cajuputi. Using other species
will give more protection from diseases or pests.
However, I would say that composition three is
better for preventing tree diseases or pests,
because the mixed plantation will give a broken
gap between the species and reduce the effect
of disturbance. This green strips also provides
supplementary benefits to provide shelter for
mosquito predators.

Figure 39 Planting composition (drawn by Author)
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Canal Banks
The canal bank is nourished to helps infiltrate
rainwater, minimise flood risk or new water spots,
and serve as habitats for mosquito predators. The
canal bank is approximately 30 up to 50 metres
in width and has a great value to develop. In

The Strip design, the idea for the banks is to plant
trees, shrubs, and groundcover for enhancing
its ability to infiltrate more water and reinforce
biodiversity Figure 40. Jogging track, pathway,
and deck are also added so it will be more pleasant
for people.

Figure 40. The canal banks (drawn by Author)

5.2 Design II - The Parks
The main points of this design are dealing with
the stagnant and transient water and alluring the
mosquito’s predator. First is connecting all the blue
elements, including the newly constructed wetland
and wildlife pond. The existing linear water
drainage in the middle is re-formed into a meander
to create more habitat opportunities. The right side
canal bank is merged into the new park. All the streets
are touched but with different aims depending on
their hierarchy (arterials, collectors, local streets)
and orientation. The concept also includes creating
new green spaces and enhancing the existing ones.
The size of green spaces varies to create various
green patches that are important to wildlife. The
informal settlements are demolished, and the
settlements in severe flood risk areas are turned
into multi-storey settlements to create more space
for water infiltration. In addition, underneath
water storages are implemented to collect
the rainwater for later use in the dry season.
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Figure 41. The Parks concept (drawn by Author)

Figure 42. The Parks plan (drawn by Author)
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Arterial Road and Collector Road
The intention of arterial and collector road
designs is similar with the first design. However,
the proposed design in The Parks is upgraded.
The existing condition of the roads was already
explained in the first design. The proposed design
for the arterial road is not much different from
the first one but upgraded. The strip swales are
used on both roadsides to increase infiltration and
create better human thermal comfort. The median
is planted with trees and shrubs and has drains in
its middle (see Figure 43). The new design will
reduce the heat from the asphalt road, and improve
people’s comfort as this road is always in traffic.

The intervention concept for collector roads is the
same as the first design, but the number of repellent
trees is added. The collector road faces North to
South, and the wind movement in this site design
area is mainly from the North to South (Figure 44).
Planting the repellent plant in this road direction
is beneficial because the repellent effect is more
effective when the wind blows through them. In this
design, the arterial, collector, and local road act as
green veins that connect the scattered existing green
spaces. These green strips also serve as a drift fence,
allowing wildlife to pass through between patches.

Figure 43. The arterial road (drawn by Author)

Multi-storey building settlement

Figure 44. The wind direction of the site (Source: meteoblue)
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The dense settlement in the severe flood area is
re-adjusted. The re-adjusted settlement is aimed
to create less dense area, and provide more open
space to enhance the greenery for increasing
water infiltration and attracting the predators,
and use it as public spaces. The adjustment will
also increase ventilation and sun exposure so that
the area will not feel stifled anymore, and the
new apartments do not block the morning sun
for the area or houses behind them. The houses,
especially informal ones, are demolished and
turned into multi-storey building apartments

with 4-floor levels. About 4,500 houses will be
demolished, and 30 buildings will be built in
exchange. The new apartments can accommodate 4,776 units (see Appendix for calculation).
Figure 46 shows an example of the proposed
design. The area still has its old settlement and
new multi-storey housing. There are sports areas and jogging tracks, shared parking lots,
concave lawn (to temporarily collect and retain water runoff from the surrounding area
until it infiltrates into soil), and a plaza that
has water storage underneath (see Figure 47).

Figure 45. Re-adjustment of the dense settlement (drawn by Author)

Figure 46. Plan of the area (drawn by Author)

Figure 47. Section of the multi-storey buildings (drawn by Author)

Low-rise building settlement
The settlement in the South part of the site
will remain dense. The intervention is to upgrade
the street condition in that area to help in
repelling the mosquito by using green strips
(Figure 48). The abandoned lands also can be
turned into pocket parks, the section can be
seen in Figure 49. The intervention depends
on the width of the street; many of them are
less than 3 metres, which suggests using low
vegetation and combined with trenches

(Figure 50).    The street with North to South
orientation is preferably planted with repellent
vegetation, and some of the plants are also
edible (see Appendix for plant choices).
Meanwhile, streets with a width of more than
3 metres can use small trees or shrubs.
However, all the street pavement is changed into
impervious surfaces.
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Figure 48. Dense settlement plan (drawn by Author)

Figure 50. Streets less than 3 metres sections (drawn by Author)

Figure 49. Dense settlement section (drawn by Author)

The parks: the North park and Mid park
The big park is located in the ‘wet’ vacant land
and connected to the park and aquaculture pond
in the North. The major purposes of this design
are to deal with the stagnant water in the wet
vacant land, and provides shelter and diets for the
predators. First, the canal bank is merged with the
parks to create more room for water infiltration,
especially when the canal is flooded. The park’s
edge is designed as a repellent border, serves as
a barrier and is intended to prevent mosquitoes
from crossing the park to the settlement
areas. The barrier also acts as ecotone zones or
transitional boundaries, a marginal area where
two patches meet (the parks and the settlements).  
There are two characteristics of this repellent
barrier shape. First is the irregular edges that facing
the park; the shape is convoluted, making it less
vulnerable to the spread of disease or species
(Dramstad et al., 1998), so this shape is aimed to
hold the spread of mosquitoes. Meanwhile, the
other side that faces the settlement area is rigid
and hard, creating a strong contrast, which has
the intention to make clear boundaries of views.
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The main activity in the North park is fishing
and aquaculture practice; complemented with
pathways, lawn, and little forest, making the
area as natural as possible. The aquaculture
pond is more like a lake, and will be used as a
buffer for runoff and as a storage of rainwater.
The pond has an outlet that is interconnected to a
detention pond; then, the water can be
discharged to the canal. Thus, during high
intensity rainfall, the sluice gate to the canal
can be opened.
The big park in the middle provides more
activities: sports park, constructed wetland,
community garden, lawn, flower meadow,
wildlife sanctuary, and multi-function aula.
It has two entrances that connect two arterial
roads. The diversity of green elements (lawn,
wetland, flower meadow, and forest) is
purposively to amplify the presence of
mosquito predators: birds, reptiles, and other
insects. The wildlife sanctuary is a forest planted
with various vegetation and strata to create niches.

Figure 51. Park impression (drawn by Author)

The wetland and pond are placed based on
the existing condition where the wet area was
before. In this park, the secondary water channel
besides the canal is turned into meander shapes.
The sinuous waterway refers to a symbol of
nature, creates more perimeter, slow water flows,
and allures wildlife. The edges can be obscured
with aquatic plants to give a natural sense. This
sinuous waterway merges with the wetland, and
the water will flow to the canal. The shape of

water bodies (i.e., the wetland and wildlife
ponds) are irregular as this shape is beneficial for
wildlife. Placement of elements other than
waterways, ponds, and sports parks (e.g., the lawn,
flower meadow, and community garden) are
based on the pathway. The pathway of this park is
designed in shifting routing type to create visual
modulation of open and close sceneries. A shifted
routing provides visual access to changing scenes,
creating a wide range of images to increase attraction.

5.3 Design III - Sponge District
The design has one character: the residential
area that is embedded in nature. The concept
aims to create a more natural environment in
Semarang city; it favours creating as much
space as possible to infiltrate the water, keep the
water flowing, and enhance biodiversity by
attracting the mosquito predator and other

wildlife. All the area is touched and changed. The
settlement areas are demolished and turned into
multi-storey buildings to create more space for
nature to grow. In general, the area consists of
wetland, parks, urban forests, urban farming, new
waterways, and multi-storey building settlements.

Figure 52. Sponge district concept (drawn by Author)
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Figure 53. Sponge district plan (drawn by Author)
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The settlements and green areas
The clearing of the site means most of the
houses and businesses are relocated, and the
entire area is remediated to create less dense
area and establish more surface and openness
for blue and green spaces. All the settlements
are demolished, but the arterial and collector
roads are kept as a backbone. Estimatedly, there
are approximately 10,175 houses on the site;
then, around 51 apartment buildings are needed
to resettle citizens (see Appendix for calculation).
The apartments are scatteredly distributed
on the site, placed near roads for easier
accessibility. As the settlement is built inside a big
green open space, people can enjoy nature the most.
The green concept is more like a forest but
still gives many open spaces (e.g., lawn, wetland
area, children’s playground) to avoid the
types of greeneries, such as urban forest, urban

area from being too shady. With all various
farming, wetland, the possibility to attract
wildlife is high as they are attracted to a diverse
range of green spaces. The arterial road has the same
design as the second design (The Parks). The
collector road is extended to create a more
space for water infiltration and planting the
green strips. Urban farming (rice paddy field) is
re-introduced to bring back the historical story
of the site. It is placed in the Southeast area
because it is adjacent to the existing rice
paddy field. In addition, the landmarkGrand Mosque is surrounded by Semarang’s
identity tree- Tamarindus indica, to strengthen
the site’s character, and this plant known as
an umbrella tree for many wildlife species,
including mosquito’s predator (NParks, 2022).

Figure 54. The settlement and its surrounding (drawn by Author)

The waterways
The water system on the site is re-arranged
which intended to deal with stagnant water
problem (mainly floods), and help in enhancing
biodiversity including the mosquito’s predators.
The water channel beside the canal is turned into
a meander form, interconnected with the wetland
and aquaculture pond to keep the water flowing,
and the sinuous form can beneficial for wildlife.
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The wetland is constructed in the existing wet
area of the vacant land to eliminate the stagnant
water. The aquaculture pond stays the same,
but the edge is curvier and smoothens using
aquatic vegetation and has one inlet from the
wetland and one outlet to the detention pond.

There is a big swale to convey water from the upper
area of the site convey the runoff and to minimise
the presence of transient water after heavy rain
(Figure 55). The big swale is planted with wet and
drought tolerant plants, so the plants can survive
in the dry season (see Appendix for plant choices).
The plants are complicating the line of an edge and
adding to its structural diversity of different heights

creates a variety of habitats and increases its
species richness. The water drainage beside the
highway is expanded and used for farming irrigation.
This drainage is connected to the big swales, and
all together connected to the detention pond, then
discharge to the canal using the existing
house pumps.

Figure 55. The big swales (drawn by Author)

Connection with surroundings
As Semarang city is growing more and more,
an additional advantage of this Sponge District
design is that the site can become a new ‘source’
patch for ecological benefits, balancing the
urban growth in the city. The site is connected with
bridges to reach western Semarang and tunnels

under the highway to reach eastern Semarang.
The green corridor can be extended using the
arterial and collector streets in Semarang,
specifically directed to other green patches
(e.g., the green central plaza, parks,
agriculture fields, or plantations).

Figure 56. Connection with surrounding area (drawn by Author)
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5.4 Assessement of the designs
In this section, I evaluated the three designs by referring back to the criteria of desired environmental
conditions to oppose Aedes aegypti mosquitoes.
Table 2. Designs assessment
Criteria
Keeping
the water
flowing

Increasing
infiltration

Shades near
water

This design does not implement
any shades near existing water
bodies.

Water depth
min. 1 metre

++
No gradient in the water
bodies. All the existing ponds (and
aquaculture) were deepened up to
1 metre and had no water gradient
so that the mosquito would have
no chance to lay their eggs there.
The area is still dense because the
concept does not change anything;
this creates a shaded area in the
neighbourhood and leaves room
for mosquito development.

Reduce
density

Planting
the right
plants
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The Strips
+
Reconnecting the blocked drainage
and drainage that has a sudden end
to keep the water flowing cannot
be that effective. There must be
an improvement in the drainage
condition, such as creating bigger
drainage and proper maintenance.
+
The swales help to infiltrate the
water on the roadside, but still not
enough for the whole area so that
the transient water will still keep
appearing in some spots when a
heavy rain comes.

The Parks
++
The site has reconnected the
waterways and created a new
connection to keep the water
flowing, the water end in the canal.

Sponge District
++
The proposed design creates new
waterways and connects them to
the existing waterways, and the
water end in the canal.

++
++
The new parks, merged canal
The area act as a sponge landscape,
banks, de-paved surfaces, roadside and there are parts of the area that
swales, re-adjusted settlements; all can retain water when a heavy rain
the interventions make the site area
comes.
has more room for water
infiltration.

+
The plants near water bodies help
reduce the water temperature, but
the shades cannot approach the
inner water surface of large water
bodies (i.e., ponds).
+
The site has a water gradient in
some water bodies to attract the
wildlife (e.g., wildlife pond).

+
The plants near water bodies help
reduce the water temperature, but
the shades cannot approach the
inner water surface of large water
bodies (i.e., ponds).
+
The site has a water gradient in
some water bodies to attract the
wildlife (e.g., wildlife pond).

+
Less dense area on half of the area
due to settlement re-adjustment.
But, it still has a dense area left in
the southern part.

++
The area is demolished and rebuilt,
so it is not dense at all

++
++
The proposed designs start with Similar to the first design, the
carefully chosen plants that
chosen types of plants can help
can be used for repelling the
in infiltrating stormwater and
mosquito and which one can
provide diets/shelter for
improve the roadside condition.
predator
The plant planting based on the
street and wind orientation can
work more effectively to repel
mosquitoes and enhance human
thermal comfort.

++
The chosen plants can help
infiltrate stormwater, repel the
mosquito (planted near the
apartments), and provide diets/
shelter for predator

Criteria
Create
openness

The Strips
This design does not do
anything to create new openness.

The Parks
+
More openness means enhanced
sun exposure due to more open
areas in the settlement area

Provide
shelter for
predators

+
Additional benefits from planting the green strips

++
Providing shelter for mosquito
predators by creating green
spaces and choosing the plants;
become a new habitat patch for
Semarang city.

Provide
diets for
predators

+
Additional benefits from planting the green strips

++
Providing diets for predators

Provide
water for
predators

This design does not add new
water bodies for wildlife

Other
considerations

++
There are new water bodies and
waterways that intended to allure
the wildlife
The cost is the lowest among • Can be done in phases
other designs, but not
• (gradually)
optimal to reduce the presence • Decrease flood risk
of dengue mosquito, and needs • Reducing the density will
to combine with other measures
also reduce crowd, stuffy air,
annoying noise, unpleasant
odour, and reduce heat from
the cramped space (Wen et
al., 2020). Thus, people will
have a more liveable and
comfortable space to live and
socialise.

Sponge District
++
More openness means
enhanced sun exposure due
to more open areas in the
settlement area
++
The whole area is providing
shelter for mosquito
predator; become a new
habitat source for
Semarang city
++
Providing diets forpredators;
become a new habitat source
for Semarang city
++
There are new water bodies
and waterways that intended
to allure the wildlife
• Takes a lot of time and
high cost because the design needs to demolish
and rebuild the area
• Decrease flood risk
• Reducing the density will
also reduce crowd, stuffy air, annoying noise,
unpleasant odour, and reduce heat from the cramped space (Wen et al.,
2020). Thus, people will
have a more liveable and
comfortable space to live
and socialise.

Overall
graph

Notes:   -    not effective (score in the graph is 0)
             +   somewhat effective (score in the graph is 1)
           ++   effectives (score in the graph is 2)
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Looking back at the design interventions, there is a need to decide the possible interventions for
specific conditions. I take the two environmental conditions as primary considerations to simplify
the decision: density of the area and stagnant/transient water presence. This is based on the things
I considered as crucial key conditions while doing the research through design, and each of them
corresponds to the life stages of the mosquito.
Table 3. Design interventions consideration

It can be clearly seen that all the design interventions can be implemented to deal with stagnant/transient
water. This implies that it will be more effective to intervene in the mosquito growth in the water stage
because, without the presence of stagnant/transient water, the adult mosquito will not emerge. Thrusfield
(2018) stated that it will be easier to handle when the insects from the Diptera family (mosquito belongs to
this family) are still at the earlier stage of their life.
Based on the design process, overall, there are design interventions that are frequently used:
Green strips
The green strips were purposed for several uses and can deal with both stages of mosquito
proliferation and predation. The green strips help regulate the stormwater and increase infiltration so
there will be no more transient water after the rain; they help swish away the mosquito by planting the
repellent plants and providing shelter and diets for the predators. I could say that this intervention’s
impact will also be high since this intervention can be applied anywhere in the city and on various
scales, from narrow to wide streets. Moreover, this intervention has many additional benefits: it
increases safety for drivers and pedestrians, creates more comfortable feelings, and is aesthetically pleasing.
The implementation can be the most effective because the local people can also do this intervention.
Indonesia has a very well-known proverb called “Gotong Royong” where people- who live together
in a neighbourhood, do everything together. So, they can take the initiative to intervene in their
surroundings, for instance, keeping their house from the mosquito by planting repellent plants. Thus,
choosing the green strips as the main intervention to implement firstly is a good choice because it
has many benefits on one intervention.
Plants selection
I realised that this intervention is crucial because it relates to other design interventions. For instance, the
green strips will function effectively if the plant selection is made right. Again, the plant choice depends on
the purpose of the design and the site condition. Planting all the plants in layers (i.e., groundcovers, shrubs,
trees) and the use of native plants is strongly suggested to have many benefits: create niches for wildlife,
create a variation to shades and sun exposure, increase people safety, aesthetically pleasing, and so on.
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CHAPTER 6

CONCLUSION AND DISCUSSION

Illustration by Aries Davis

6.1 Conclusion
RQ1: What landscape design interventions can
be used to adapt the environment to suppress the
spread of dengue by the Aedes aegypti mosquito?

MRQ: How can landscape design help to control
the Aedes aegypti mosquito to curb the spread of
dengue disease in tropical urban areas?

In this thesis, a total of 12 landscape design
interventions have been developed that can
help to alter the environmental conditions that
benefit the Aedes aegypti mosquito. Each of these
design interventions helps to achieve one or
more criteria (see Figure 9), such as improving
water flow, reducing building density, or increasing
opportunities for predation of the mosquito. The
12 landscape design interventions mostly focus
on improving the blue and green infrastructure, as
most of the criteria specify a proper functioning
water system and a well-functioning ecosystem.

Landscape design can help to remove the
environmental conditions that support dengue
vector mosquitoes: Aedes aegypti. This thesis
generated twelve design interventions based
on criteria that specify the environmental
conditions needed to oppose mosquito
proliferation. The application of these landscape
design interventions showed that combating
Aedes aegypti can be done in three main ways.
The first is dealing with the water stage
mosquito, implementing design interventions
that tackle stagnant/transient water, water
temperature, and the water gradient. The
second
is
dealing
with
winged-adult
mosquitoes by making the area less dense,
choosing the right plants, and letting the area
open. The third is by attracting its predator,
which means the design needs to provide
suitable habitat (shelter and diets) for the
wildlife. Above all, implementing these design
interventions into a real context gives a view
that the interventions are applicable and
feasible solutions by demonstrating how they
could contribute to dealing with the mosquito.

RQ2: In what way can these landscape design
interventions be implemented?
To implement the landscape design interventions,
first, a site needs to be selected by mapping and
overlaying the environmental conditions that
support the Aedes aegypti mosquito. Next, the
site’s existing environmental conditions should
be analysed to assess which criteria can be for a
dengue-free landscape are not being met. Based
on the analysis, appropriate landscape design
interventions are chosen that will help to
achieve the criteria. The type and number of
landscape design interventions that are
implemented can be varied to achieve different
levels of effectiveness. The variation in
implementation depends on the main purpose
of the design and what urgent problem should
be solved first. The design result shows that
intervention in water-stage mosquitoes will be
more effective because it prevents the emergence
of adult-winged mosquitoes.
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6.2 Discussion
In this discussion, I will reflect on the issues that
emerge from the design and on the claim.
Reflection on the design interventions:
mosquitoes, predators, and human exposure
The design interventions are providing a lot
of opportunities to enhance the habitats of
mosquito predators. I would say that using
the natural predator will be more effective to
combat the mosquito since the mosquito already
has many potential predators in the water stage.
According to CDC (2006), the biological control
strategy can effectively prevent dengue
transmission by reducing the population of
its principal vector. Moreover, predation is a
plausible action to control the size of the
population and especially has been used to
control insect pests (Thrusfield, 2018).
Mosquitoes is known to have high resistance
to insecticides; hence, using its predator should
have provided more promising results.
The extreme design is raised concern about the
host exposure. While the design interventions
are pushed to the maximum, the area is supposed
to be the best in a ‘natural way’ to combat the
mosquito; creating a home for many predator
species as stated in the paragraph before.
However, this design creates high human
exposure to the mosquito. This means that
their chance of getting bitten by the mosquito
is high; they are at risk of getting the disease.
While creating a natural site or a wildlife habitat
without an exact border to the settlement area,
exposure to the mosquito is inevitable because
the creation will attract the mosquito. It is very
dilemmatic if I say let nature do the rest.
Nature will take care of itself to make a balanced
ecosystem (CDC, 2012), but if we do not have
this ‘exact’ barrier, how to protect the people for
not getting bitten while they are basically living
together with the mosquito? From this standpoint,
the park design in The Parks is more doable to
protect people. The design has the exact
barrier preventing the mosquito from flying
to the settlement area.

In his book, Odum (1993) stated that when a
population is isolated into a small island-like patch
of habitat, the species can be greatly reduced. It
could simply mean that this concept can be used
to reduce the Ae. aegypti population in the dengue
mosquito case. In other words, creating a ‘central’
habitat where the mosquito can breed and limit
their movement is the key. So, creating an island
with an exact border just like in The Park design
is suggested. Therefore, there are two options that
I can derive concerning Sponge District design:
1. intervention in human behaviour, provide vaccines, and raising awareness
so that people can live with nature and
be conscious of the consequence, or
2. clear the land, create a really big park (like the
central park in New York) to help control the
water system (including reducing the floods),
and become the city’s biodiversity hotspot.
But, one thing to note, no one should live there.
People come there just for recreation, which
means a total change of function in the area.

Reflection on the research
The results elucidate that environmental
adaptation is a viable strategy to reduce dengue
spread, and landscape architects can play a valuable
role in designing these dengue-proof landscapes.
The findings indicate a cause and need for
landscape architects to involve themselves in
combating vector-borne diseases such as dengue.
As the landscape architect’s work is mainly
engaged in the built environment, the work
may be expanded to physical health, especially
when it is related to urban diseases transmitted
by a vector animal. Similar to making a design
to enhance biodiversity, the work to diminish
the vector animal also can be done. However,
it needs more specific concern to what kind
of environmental conditions that preferences
by that key species, so the environment can be
altered to oppose that.
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In a dengue case, Wilke et al. (2020) stated
that the environment that is shaped by people
might both increase the exposure to Ae. aegypti
and counter the proliferation of the mosquito.
However, this is just a conception without additional
information that has no proof to support the claim.
Brian Allan, an assistant professor of entomology
at the University of Illinois, has a project on
how the green infrastructure can adapt to the
environment to reduce the presence of
mosquitoes. His team has been looking to solve the
problem in two ways: eliminating the standing
water and finding a more effective way to kill
the aquatic stage mosquito as it is more effective
to control the mosquito population. He stated
that the green infrastructure design (such as
bioswale) does not hold water long enough for a
mosquito to hatch and grow, as the plants help
to infiltrate the water. This argument supports
the design intervention formulated in this
thesis and underpins the assessment that implies
it will be more effective to do the intervention in
the aquatic stage.
Referring back to the Epidemiologic Triad, the first
section of the discussion shows that measures on
the environment factor alone are not enough. It is
important to highlight the fact that the measurement
should be taken together with two other factors: the
host and the agent. For instance, the host factor, we
need to increase the people’s awareness, as simple
as not using a bucket to collect the rainwater or
not throwing garbage in the drainage. Despite the
fact that the presence of the mosquito cannot be
liquidated from this world, with the combination
measures of all factors, the impact can be minimised.
In this study, I was limited by research practices
or projects that can help me in building the
design strategies related to the dengue mosquito.
The available literature is likely more in-depth
about the specific environment-climate condition,
mainly in temperature. For further study, firstly,
a more exploration in how the environment can
be altered to prevent disease can be interesting,
which could be done by landscape architects,
urban planners, entomologists, environmental
engineers, and other disciplinary in the related field.
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For me, the thought of landscape architecture
perspective that can help in the world of health
in the real case is astounding. Secondly, further
research can focus on building a detailed
guideline to make a decision so that the
decision-makers should have carefully maintained
and developed the city while combining it
with other measures such as increasing
people’s awareness and providing vaccines.
The combination of these approaches may
offer innovative and environmentally sustainable
alternatives for mosquito-borne disease control
and reduced dependency on insecticides.

The designer does not begin with some preconceived ideas.
Rather, the idea is the result of careful study and observation,
and the design is a product of that idea.
- Paul Rand
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APPENDIX I - Plant List
Scientific name
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Common name

Repellent Infiltration Attract wildife
Trees
v

Provide
shades but
not too shady

v

Edible

References

v

nparks
nparks; Marini & Sitorus,
2019; Shukla et al., 2018
Rampe et al., 2020; Marini
& Sitorus., 2019
Rampe et al., 2020; Zen &
Noor, 2016
Marini & Sitorus, 2019;
Zen & Noor, 2016
Zen & Noor, 2016
Zen & Noor, 2016
Mcleod, 2016
nparks
Aksoni, 2018
Mcintosh, 2021; Mcleod,
2016; Maslowski, n.d.
nparks
nparks
nparks
Mcleod, 2016
nparks; Zen & Noor, 2016
Zen & Noor, 2016
Rampe et al., 2020; Marini
& Sitorus., 2019
Budianto et al., 2014
nparks
Budianto et al., 2014

Artocarpus heterophyllus

Jackfruit

Azadirachta indica

Neem tree

v

v

v

v

Cinnamomum burmanicum Cinnamon

v

v

v

v

Citrus aurantifolia

Key lime

v

v

v

Citrus hystrix

Kaffir lime

v

v

v

Citrus maxima
Citrus sinensis
Corymbia torelliana
Diospyros discolor
Dipterocarpaceae

Pommelo
Sweet orange
Cadaga tree
Velvet apple
-

v
v
v

v
v
v
v
v

v
v

Eucalyptus sp.

Gum tree

v

Ficus benjamina
Garcinia mangostana
Leucaena leucocephala
Malaleuca alternifolia
Melaleuca cajuputi
Melia azedarach

Weeping fig
Mangosteen
River tamarind
Tea tree
Cajuput
Chinaberry tree

Persea americana

Avocado

Pinus merkusii
Pometia pinnata
Swietenia mahagony

Pine
Island lychee
West Indian mahogany

v

v

v

v

v

v
v
v

v
v
v
v
v
v

v
v
v
v
v

v

v
v
v
v

v
v
v

v

v

v
v

v
v

v

Zen & Noor, 2016; Marini
& Sitorus, 2019; Nurfadilah
& Moektiwardoyo 2020;
Bhide et al., 2014; Mcleod,
2016

Syzygium aromaticum

Clove

v

v

Syzygium polyanthum

Indian bay leaf

v

v

v

Toona sureni

Surian

v

v

v

Triphasia trifolia

Lime berry

v

v

Achillea millefolium

Yarrow

Shrubs and ground cover
v
v

Ageratum conyzoides

Floss flower

v

Allium cepa

Onion

v

v

Allium sativum

Garlic

v

v

Aloysia triphylla
Alpinia galanga
Andrographis paniculata
Anethum graveolens
Artemisia absinthium
Bambusa sp.
Cananga odorata
Capsicum sp.
Carica papaya
Ceanothus velutinus

Lemon verbena
Siamese ginger
Green chireta
Dill
Wormwood
Bamboo
Ylang-ylang
Chili
Papaya
Snowbrush

v
v
v
v
v
v
v
v
v

v

v
v
v

v

v

v

v

v
v
v
v

v
v

v
v

Rampe et al., 2020
Nurfadilah &
Moektiwardoyo, 2020
Zen & Noor, 2016

Maslowki, n.d
Rampe et al., 2020;
Mcleod, 2016
Maslowki, n.d
Maslowski, n.d.;Mcleod,
2016
Mcleod, 2016
Rampe et al., 2020
Rampe et al., 2020
Bhide et al., 2014
Mcleod, 2016
nparks
Zen & Noor, 2016
nparks
Marini & Sitorus, 2019
Mcleod, 2016

Chrysanthemum
cinerariaefolium

Pyrethrum

v

Calotropis sp.

Apple of sodom

v

Cymbopogon citratus

Lemongrass

Cymbopogon nardus

Citronella grass

v

Derris elliptica

Poison vine

v

Eltingera elatior

Torch ginger

v

Euodia suaveolens

Zodia

v

Euphorbia hirta
Foeniculum vulgare

Asthma weed
Fennel plants

v
v

Gaultheria fragrantissima

Fragrant wintergreen

v

Geranium homeoanum

Geranium

v

Lantana camara

Lantana

v

Lavandula latifolia

Lavender

v

Melissa officinalis

Lemon balm

v

Mentha pulegium

Pennyroyal

v

Mentha spp.

Pappermint

v

Monarda didyma

Bee balm

v

Nasturtiums sp.

Nasturtiums

v

Nepeta catara

Catnip

v

Nicotiana tabacum

Tobacco

v

Ocimum basilicum

Lemon basil

v

Origanum vulgare

Oregano

v

Pelargonium citrosa

Lemon scented geranium

v

Petunia x hybrida
Piper betle
Poaceae

Petunias
Betel vine
Grass

v
v

Rosmarinus officinalis

Rosemary

v

Salvia officinalis

Sage

v

v

Tagetes erecta

Marigold

v

v

Tanacetum parthenium

Feverfew

v

Thymus citriodorus

Lemon thyme

v

v

v

v

v

v

v

v

v

v

v

v

v

v
v

v
v
v

v

v
v

v

v

v

v
v
v
v

Zen & Noor, 2016;
Nurfadilah &
Moektiwardoyo, 2020;
Maslowski, n.d.; Mcleod,
2016
Shukla et al, 2018
Rampe et al., 2020; Shukla
et al., 2018
Zen & Noor, 2016;
Nurfadilah &
Moektiwardoyo, 2020;
Mcleod, 2016
Nurfadilah &
Moektiwardoyo, 2020
Zen & Noor, 2016; Marini
& Sitorus, 2019
Zen & Noor, 2016; Marini
& Sitorus, 2019
Rampe et al., 2020
Zen & Noor, 2016
Nurfadilah &
Moektiwardoyo, 2020
Zen & Noor, 2016
Marini & Sitorus, 2019;
Rampe et al., 2020;
Mng'ong'o et al., 2011
02, 04, 05, 07, 08, 12
Maslowski, n.d.;Mcleod,
2016
Maslowski, n.d.;Mcleod,
2016
Mcintosh, 2021; Mcleod,
2016
Michel, 2021; Mcleod,
2016
Maslowki, n.d
Mcintosh, 2021; Mcleod,
2016
Marini & Sitorus, 2019;
Nurfadilah &
Moektiwardoyo, 2020
Marini & Sitorus, 2019;
Rampe et al., 2020;
Michel, 2021
Maslowki, n.d
Rampe et al., 2020;
Mcleod, 2016
Maslowki, n.d
Marini & Sitorus, 2019
nparks
Macintosh, 2021;
Maslowski, n.d.;Mcleod,
2016
Michel, 2021; Mcintosh,
2021
Marini & Sitorus, 2019;
Rampe et al., 2020;
Michel, 2021
Mcleod, 2016
Maslowski, n.d.;Mcleod,
2016
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Thymus vulgaris

Thyme

v

v

Tinospora crispa
Vanilla planifolia

Petawali
Vanilla leaf
Simpeleaf chastetree or
Legundi

v
v

v

Vitex trifolia

Plants to Avoid
Scientific name
Musa paradisica
Bromeliaceae
Asplenium nidus
Bambusa sp.
Nephenthes sp.
Victoria amazonica
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Common name
banana
bromelidas
Bird's nest fern
Bamboo
Pitcher plant
Amazon water lily

v

Mcintosh, 2021; Mcleod,
2016
Zen & Noor, 2016
Mcleod, 2016
Zen & Noor, 2016; Marini
& Sitorus, 2019

Parts that can hold water
All
All
All
internodes and axial water (bases of leaves, petals, and bracts)
Flowers
Leaves

APPENDIX II - Predator List
Dragonflies and dams
Scientific Name
Agriocnemis femina
Brachythemis contaminata
Copera marginipes
Cratilla lineata
Crocothemis servilia
Diplacodes trivialis
Euphaea variegata
Heliocypha fenestrata
Ictinogomophus decoratus
Ischnura senegalensis
Macrodiplax cora
Neurothemis ramburii
Orthetrum sabina
Pantala flavescens
Potamarcha congener
Prodasineura autumnalis
Pseudagrion microcephalum
Pseudagrion rubiceps
Rhyothemis phyllis

Common Name
Variable Wisp
Ditch jewel
Yellow featherlegs
Emerald-banded skimmer
Scarlet skimmer
Chalky percher
Sundanese gossamerwing
Pink jewel dragonfly
Common flangetail
Common bluetail
Wandering pennant
Red percher
Green marsh hawk
Wandering glider
Swampwatcher
Black threadtail
Blue riverdamsel
Orange-faced sprite
Yellow-striped flutterer

Colour
White
Gold
White
Blue
Red
Green
Purple-black
Pink-black
Black-yellow stripes
Green-blue
Red
Red
Green
Yellow
Yellow
Black
Blue
Light blue
Black-yellow stripes

Fishes
Scientific Name
Anabas testudineus
Aplocheilus panchax
Barbodes binotatus
Poecilia reticulata
Rasbora argyrotaenia
Toxotes jaculatrix
Trichopodus pectoralis
Trichopodus vitatta
Birds

Scientific Name
Ardea alba
Ardeola speciosa
Cinnyris jugularis
Columba livia
Lonchura maja
Lonchura punctulata
Orthotomus sutorius
Passer montanus
Pycnonotus aurigaster
Streptopelia chinensis
Todiramphus chloris
Turnix suscitator

Common Name
Climbing perch
Blue planchax
Spotted barb
Guppy
Silver rasbora
Banded archerfish
Snakeskin gourami
Croaking gourami

Common Name
Great egret
Javan hond heron*
Olive-backed sunbird*
Rock pigeon*
White-headed munia*
Scaly-breasted munia
Common tailorbird*
Eurasian tree sparrow*
Sooty-headed bulbul*
Spotted dove*
Collared kingfisher*
Barred bottonquail
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APPENDIXES III - Urban Typologies

62

63

APPENDIXES IV - Calculation for
re-settlement
The Site Area
Sub-district
Kaligawe
Sawah besar
Sambirejo
Siwalan
Pandan lamper
Gayamsari

Total
Numbers of Family (estimated
there are 4 person per family,
one family, one house)

Numbers of population
3436
9789
8654
6875
7494
4452
40700
10175

Multi-storey apartments
- 1 building has 4 floor
- 1 building has 200 unit (50 unit per floor)
- 1 unit is 48 metre square
Then the building size is estimated: 80 x 60 (with corridor an
The Parks Design
- Approximately 4500 houses are demolished
- There is need for 30 buildings for replacement (9
buildings of 90m x 40m and 21 buildings of 70m x 30m)
Sponge District Design
- All of houses are demolished
- There is need for 51 unit for extreme design
Notes:
Building size option:
Building size, all 4 floors
80x60
90x40
90x30
30x30
70x30
50x20
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Number of house unit per
building
200
225
168
56
131
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