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ABSTRACT Flood Map and Timeline

The research explores flood-resilient landscapes and the sponge city concept = . 2] LR .. ‘
to address Malaysia's increasing urban flood risks due to climate change and f " cah | AREAWCREGSEN |
rapid urbanisation. The lack of effective urban stormwater management in ' ...... el B

urban areas, especially in flood-prone regions, exacerbates both infrastructure
damage and socio-economic impacts. Through the incorporation of blue-green —_
infrastructure (BGI) and nature-based solutions (NBS) into urban design, this s Shi e — 7
project investigates how sponge city concepts can alleviate these challenges. i B N
To find successful design elements such as permeable pavements,

bioretention systems, rainwater harvesting, rain gardens, and green roofs,

information was gathered through literature reviews and precedent studies. ‘
Results indicate that the sponge city concept provides strategies for a flood- ‘

resilient landscape. Thus, it promotes urban livability, sustain biodiversity, and : _ 0 2
increase flood resistance to Bertam Lake park. The research emphasizes that I ‘ @?}?00 map
it is important for adaptive flood management techniques to be practiced to
promote resilient and sustainable communities in Malaysia's urban landscapes.

Figure 1: The site showing flood spots on the site and surrounding areas

Keywords: blue-green infrastructure (BGI), flood-resilient landscape,
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1974 - 1999

Major flooding Drainage issues in Flooding that The year's flood had
happened due to Bertam area led to happened on the garnered 556 victims
lack of proper  another major flooding year had displaced from 147 families,

drainage and water in its neighbourhood 50 homes. which  have been

increased  through  across the town. placed in relief

stormwater runoff. centres.
PROJECT INTRODUCTION Site Issues

_ . . ' The followings are issues of the site and its surrounding area:
The project explores flood issues in an urban area of Malaysia and how a !

flood-resilient landscape, which is inspired by the sponge city concept can help ‘ RISING FLASH FLOOD
mitigate the climate adversity. Two objectives are set for the research, which

are to identify how flood-resilient landscape strategies can mitigate the impact 4 ISSIOD ROl e (S e Ul el st @rifeallile)

of climate-related challenges, and second, to explore the integration of the |

sponge city concept into urban design, focusing on enhancing stormwater _j RAPID URBANISATION

management. The site for the project is Bertam Lake park in Kepala Batas, Residential and commercial areas are being rapidly developed
Pulau Pinang. There is a significant benefit from this research as it is believed

i k within Kepala Batas area.
that sponge city can influence the future development of the urban landscape |

in Malaysia by enhancing its resilience against flooding (Ahmad & Ayob, 2023). DAMAGED INERASTRUCTURES

The flooding directly led to damage of important structures like
highways and roads.
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LITERATURE REVIEW

In response to increasing climate-related challenges, particularly urban
flooding, the concept of flood-resilient landscapes has gained momentum
as a sustainable approach to water-sensitive urban design. Central to this is
the sponge city concept, which has emerged as a leading strategy in
contemporary stormwater management. This literature review forms the
theoretical foundation for the design proposal, which explores how sponge
city principles can be adapted to the Malaysian context to develop a
multifunctional, flood-resilient public space.

Drawing upon key studies, including Ferreira et al. (2021), Rau (2022), and
Adedeji et al. (2019), this review examines the integration of nature-based
solutions (NBS) such as permeable surfaces, wetlands, rain gardens, and
green infrastructure to mimic natural hydrological processes in urban
environments. These strategies aim to retain, absorb, and filter excess
stormwater, ultimately restoring the urban water cycle to a more natural
state. By emphasising both ecological performance and urban resilience,
the sponge city model provides a practical and adaptable framework for
landscape architecture in flood-prone areas like at Bertam Lake, Kepala
Batas, Pulau Pinang.

RESEARCH METHODOLOGY

For the data collection, two methods

were used: primary data and
secondary data. The primary data is

the on-site inventory using an [
observation checklist. An analysis from =)\ DBSERVATION
the observation was carried out to '
identify the site's opportunities and
limitations. Meanwhile, the secondary
data was taken from journal articles
and government sources including the
District Local Plan (RTD).

FPRIMARY DATA

The collected data was analysed and
synthesised to develop possible
solutions or alternatives for the site to
adapt a sponge park concept.
Meanwhile, document analysis
provides additional background and
supporting information about the site
(Figure 2). The analysis is presented in
the following sub-sections according to >

the inventory attributes. ..] IT1

Y

SECONDARY DATA

Figure 2: Data Collection Methods

DESIGN IDEALS

PRECEDENT STUDIES

This section highlights landscapes that use the sponge city concept or the

same design strategies.

i. Benjakitti Park is an urban
park located on the site of a
former tobacco factory. It has
been transformed into a low-
maintenance regenerative
system that reduces the

destructive force of stormwater,
filters contaminated water, and
offers  much-needed
habitat.

wildlife

ii. The Starry Sky Park in Shanghai
is the world’s largest sponge park.
Located near the  Shanghai
Astronomy Museum in Lingang New
City, it spans 54 hectares, including
16 hectares of water. The park
features typical sponge city elements
such as permeable pavements and
green spaces that help purify, store,
and reuse rainwater.

Figure 3: Benjakitti Park during dry season

(Authors, 2024)

Figure 4: The Starry Sky Park
(http://en.sasac.gov.cn/)

SITE INVENTORY AND ANALYSIS

1. LANDSCAPE EVOLUTION

Figure 5: Landscape Evolution Timeline
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SITE INVENTORY AND ANALYSIS 4. MICROCLIMATE
2. HYDROLOGY

FLAT AREA |_riparian | LAKE BODY | RIPARIAN | UPLAND
RECPTATON AT - 410 TH& MONSOON SEASON BENGS HEAVY AND CONSSENT = =
RANPAL SANFAL CAN FEACH OR EXCEED 400 MMUMONTH DUENG THS SEASON, A5 SEENIN FEAT EFOSIE 1 HEAT EIFOSLAE I KESALA SATAS CAN B2 SO UNBEAIABE N
e MOST PATI OF T YEAR AND OFFER TWES I I STL OUTE CFFRESYE FOR T
1 !J

+ DURING MONSCON SEASON OR HEAVY RAIN, THE LAKE IS
AELE TO ASSORE MOST OF THE WATER AND STOP IT FROM
GOING UFLAND.

* SWALES AND WATER TUNNEL HELP CHANNEL EXCESSIVE
WATER FROM THE PARK AND NEAREY RESIDENTS TO FLOW

P

Bertam Lake helps >sjo 3
and mitigate flooding that =
occur on site. ’

SECTIONAL ELEVATION A-A

SECTIONAL ELEVATION C-C

Figure 8: Section on Microclimate Analysis

FLAT AREA |__rearian | LAKE BODY RIPARIAN |

Unpredictable weather poses threat to the site as flooding had occurred quite
often in Kepala Batas town. Not to mention, the heat exposure before the
monsoon season, which is quite unbearable and makes it harder for people to
visit Bertam Lake park. In addition, the park lacks in comfortable spaces such
as shaded trees and shading structures.

* DURMNG DROUGHT OR HOT WEATHER, THE WATER DOES
EVAFORATE AND DROP A LEVEL.

» THE WATER RLOWS TO THE OTHER RESIDENCES OF EERTAM
MAKING IT THE WATER SOURCE FOR THE PEOPLE THERE.

SRS 5. ACCESSIBILITY
However, surface runoff  fromis

rainfall does happen due to non- The site is easily accessible, especially for nearby residents, with a direct

permeable areas of the site. s SECTIONAL ELEVATION B-B entrance and available parking areas. However, it lacks inclusive design
features for people with disabilities, such as tactile paving for the visually
Figure 6: Sections showing the water level of the lake. impaired and wheelchair-accessible paths in many areas. The materials should

also be non-slip and permeable that aligned with the sponge city concept.
3. SOIL AND TOPOGRAPHY

CURRENT SITE CONDITION

« The site is mostly sillin good health as the landscape are stil very
green  the site can be quit
due to uneven soil

TYPE OF SOIL
- The site is made of loam soil which
is very ideal for most plarts Loam
20 drains well allowing air to reach
the rocts “of plarts. Loam soil
absorbs water at a rate of 1/4 10 2
inches per hour.

(6421
PH OF SOIL

« A sl pH of 627 is slightly
acidic, which is ideal for many
plants, and loamy soil is
excellent for landscaping due to

DIAGRAM OF SOIL EROSION PROCESS s balance of  drainage fand,

nutrent retertion.
EROSION PRONE AREA

+ Some of the soil has eroded overtime which can be dangerous when walking on site. It may
also be more detioriorated if left unchecked.

e e e e e e e

.
o fe e | swmiswo | we | o
. + Average elevation: 8 m
A A,¥ = Minimuro élevation: 2 m
“fﬁ%’ ﬂ% L iriwargSlevation: 15 m

@ CONTOUR MAP
nrs

Figure 7: Diagram of Soil and Topography Analysis

The soil on the site appears healthy, supporting plenty of plant growth. The
area is mostly flat, with pathways designed to meet the design standards. Figure 9: Accessibility analysis diagram
However, some parts are damaged or eroded due to usage and runoff water,

which pose safety risks.

CIRCULATION DIAGRAM

N.T.S

DESIGN IDEALS
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SITE INVENTORY AND ANALYSIS LG AN AU
6. SOCIO-CULTURAL
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 PLANTED VEGETATION
Qﬁh—ﬁ—ﬁ) SN : SCIENTIFIC NAME  CN : COMMON NAME

LEISURE AREA

L

. . . Figure 11: Existing Flora and Fauna and planting palette

Figure 10: Socio-cultural Analysis Map

The site has a mix of native and exotic trees, including Tembusu
(Cyrtophyllum  fragrans), Merawan (Hopea odorata), Rhu Bukit
(Gymnostoma sumatranum), Golden Penda (Xanthostemon chrysanthus),
and Tecoma (Tecoma stans). They provide shade, beauty, and support
biodiversity. Large trees like Raintree (Samanea saman) and Kayu Raja
(Agathis borneensis) offer canopy cover, while palms like Chinese fan palm
(Livistona chinensis) and Pisang Kipas (Ravenala madagascariensis) add
height and variety. This mix enhances both the ecological and visual value of
the site. However, the main issue is the overgrowth of Kiambang (e.g.
Salvinia molesta) in the lake, which needs to be addressed by ecological
system, which is recommended in the sponge city concept. There is also a
noticeable lack of wildlife in the area.

The park provides spaces for recreation and leisure, promoting a healthier
lifestyle for the community. Green areas, with a variety of trees, enhance the
park's sense of place and visual appeal. The site is welcoming and inviting,
and local residents, schools, and organisations often hold events and
activities, making it a lively and enjoyable space.
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SITE INVENTORY AND ANALYSIS
8. FACILITIES AND UTILITIES

Most facilities on the site are still usable, though some, like broken benches
and lights, need fixing. The upper park has more and better facilities, including
a maintenance shed, since it is newer. A common complaint from users is the
lack of shaded areas, especially in the lower park where gazebos are too far
apart. Recreational facilities in the lower park also feel outdated compared to
the upper park. Some areas, like the jetty and stepping-stone paths, seem
neglected and are rarely used.

e 4 J
® ¢ @ LOWER PARK HARDSCAPE PLAN

NTS

k — S all < |

Figure 12: Facilities and utilities for Lower and Upper Park

9. VIEW AND SENSES

HIGH

MEDIUM Low

Figure 13: View and Senses Analysis Map

The site does not offer much visual or sensory appeal, except for a few nice
spots. The smells and sounds are generally unpleasant due to traffic and water
pollution from overgrown kiambang plants. Overall, the site needs more scenic
views and sensory features to make it more enjoyable.

SITE SYNTHESIS

Based on the site inventory and analysis map, the site was synthesised
according to its suitability to the sponge park concept, as follows:

SPONGE CORE - The heart of water retention and ecological balance. This
central area acts as the main catchment zone.

POROUS CONNECTION — A network of trails that encourages water
infiltration while guiding visitors through key areas.

STORMWATER GROVE - Act as a vegetated stormwater management hub,
using trees, shrubs, and terraces to direct, filter, and slow stormwater runoff.

RESILIENT INTERACTIVITY- This area integrates interactive features for
education and recreation, emphasising the site's resilience to flooding.
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SITE SYNTHESIS
SYNTHESIS

SPONGE CORE

BERTAM LAKE FOR
) FUTURE DEVELOPMENT

POROUS CONNECTION

DESIGN STRATEGIES

DESIGN STRATEGIES

WETLAND
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Figure 14: Synthesis Map

LANDSCAPE MASTERPLAN

DESIGN CONCEPT

The design concept of this project
is ‘Porous-Scape’, which means a
landscape that can breathe and
absorb water naturally. Porous
represents the site’s ability to soak
up and filter rainwater using green
features like wetlands and swales.
Scape refers to the overall
transformation of the area into a
more livable and flood-resilient
space. This concept helps reduce
flooding, supports nature, and
creates a healthier environment for
the community

CONCEPT BREAKDOWN

+

o T Tt K

1 Porous 1

e oo o o o e e e e e e e e e e 4
(Porous system)—mimics
‘sponge” by using natural
hydrological cycles, allowing water
absorption, filtration, and slow
release.

DESIGN IDEALS

DESIGN AIM

To develop a flood-resilient
landscape at Bertam Lake,
Kepala Batas, that enhances

water retention, mitigates
flooding, and promotes
ecological sustainability

through porous and adaptive
design  strategies,  while
integrating renewable energy
and multifunctional spaces.

(Adaptive) — integrates flood-
resilient strategies & climate
adaptive strategies into a
multifunctional landscape.

STORMWATER GROVE

« Focus: Green infrastructure & Climate
‘Adaptation (Renewable Energy)

SPONGE CLIMATE

« Focus: Cooling, Permeabllity, Accessibility
Improvement and Repair

@) souar ucHTINGS
@ sourerar
@ racwiy renovaTion

@ ram caroen
@® sioswae

@ ncratorseraY

Figure 15: Design Strategies

DESIGN OBJECTIVES

1. Enhance water resilience by implementing flood-mitigation strategies, optimising
water retention, and integrating blue-green infrastructure.

2. Integrate climate-adaptive solutions through renewable energy, passive
cooling, and adaptive design strategies for long-term sustainability.

3. Create a renewed multifunctional and connected landscape that balances
stormwater management, biodiversity conservation, and recreation.

DESIGN PROCESS

for reuse

panels
10 hamess renewable energy. It blends form and function, supporting

« Rain dums are interactive, sound-producing
irrigation, stormwater control, and clean energy in one sculptural system.

installations that generate rhythmic and soothing
beats when rainwater falls on their surfaces.

Moodboard

« A rain garden is a shallow depression in the

ground that collects stormwater runoff and
allows it to soak into the soil. The soil mix is
special and should be wel-draining and can
include 50% sand, 25% topsoil, and 25%
compost.

ig rption capacity (ike
wilow or belau) are excellent for reducing
localized flooding and stabilizing soi.

« Antifical floating platforms with plants can be

made using the smal island to improve water
quality. These floating wetlands absorb excess
nutrients, create habitats for wildife, and prevent
excessive growth of invasive plants.

« Vegetated channels along trails to slow and
fiter surface runoff, ensuring cleaner water
flows into the lake whilst increase infiltration.

Figure 16: Mood board showing ideas in sponge park concept
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LANDSCAPE MASTERPLAN

SPACE PROGRAMMING FUNCTIONAL DIAGRAMS CONCEPTUAL PLAN
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SCHEMATIC PLAN PLANTING CONCEPT

The planting concept for the project is ‘Verdant Sponge’. It is a multifunctional green
infrastructure strategy that combines aesthetic planting design with hydrological
performance. Acting like a living sponge, the park absorbs rainfall, filters pollutants, cools the
air, and supports wildlife. Strategically planted layers slow down stormwater, allow it to
percolate, and transform runoff into a resource.

PLANTING CONCEPT AND PRELIMINARY MASTER PLAN )

grmemrm——,

- CONCEPT OVERVIEW l
v E Rm THE VERDANT SPONGE IS A MULTIFUNCTIONAL GREEN INFRASTRUCTURE I
STRATEGY THAT COMBINES AESTHETIC PLANTING DESIGN WITH HYDROLOGICAL &

PERFORMANCE. ACTING LIKE A LIVING SPONGE, IT ABSORBS RAINFALL, FILTERS

POLLUTANTS, COOLS THE AIR, AND SUPPORTS WILDLIFE. STRATEGICALLY

PLANTED LAYERS SLOW DOWN STORMWATER, ALLOW IT TO PERCOLATE, AND
| TRANSFORM RUNOFF INTO A RESOURCE

PLANTING ARRANGEMENT AND STYLE : LAYERED
PLANTING

PLANTING IS ARRANGED USING A SPATIAL LAYERING APPROACH — FROM DRY
TO WET ZONES, FROM CANOPY TO WATER SURFACE. THESE LAYERS FLOW
HORIZONTALLY ACROSS THE SITE, RESPONDING TO TOPOGRAPHY, PROGRAM,
AND WATER MOVEMENT.THE VERDANT SPONGE APPLIES A LAYERED
ECOLOGICAL PLANTING SYSTEM, DESIGNED TO OPTIMIZE HYDROLOGY, USER

COMFORT, AND HABITAT DIVERSITY. I

'

» VISUAL STRUCTURE (PLAN VIEW): ORGANIC PATCHES, CLUSTERED NODES,
AND LINEAR BANDS

* VERTICAL STRUCTURE (SECTION VIEW): LAYERED CANOPIES — TALL TREES,
MID-STOREY PLANTS, SHRUBS, GRASSES, AND AQUATIC VEGETATION

' &

[ > « ECOLOGICAL LOGIC: PLANTS TRANSITION FROM URBAN DRY ZONES TO

WETLAND LOW ZONES, CREATING A RESILIENT, SPONGE-LIKE LIVING SURFACE e — — — /

| "' SCHEMATIC PLAN
Figure 18: Space

programming, Conceptual
and Schematic Plans m Figure 19: Planting Concept and Arrangement

DESIGN IDEALS
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LANDSCAPE MASTERPLAN MASTER PLAN

PRELIMINARY MASTER PLAN
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Figure 20: Preliminary Master Plan

SECTIONS AND PERSPECTIVES

@) rammormeers @D roumaron () roesaren () s ros @ vonconman (§) mirerarman

DO —

SECTION D-D

/ Figure 22: Master Plan andS
v . h Tl 3 Section A-A is called Rainway Garden where terraces is created to help create
\ ot . .
‘f\n.‘.in‘ﬂ?ﬂ_[i”m fiy ALEE a zone that will help flow runoff water into wetlands that are connected to the
N T ake.

Section B-B is dedicated to the Nature Trail. There can be seen canopies of
trees to slow down the water as well as wet pond as retention area.

Section C-C for the Bird Watch Island. It is surrounded by floating wetlands and
a big tower on the island to oversee the natural beauty of the site.

. Section D-D is for Climatic Plaza which acts as the main hub of the lower park,
_ Section B-B . . ! offering a central gathering space for visitors.

Figure 21: Sections and perspective drawings of the site

DESIGN IDEALS




Lugman Hakim Mohd Rizal, Mazlina Mansor

Mohd Ramzi Mohd Hussain, lzawati Tukiman, Zainul Mukrim Baharuddin

DETAILED DEVELOPMENT PLAN

7.

Figure 23: The detailed development plan presents a refined layout of the proposed intervention,
highlighting spatial hierarchy, functional zoning, user circulation, and ecological systems

STORMWATER MANAGEMENT

A SHALLOW, PLANTED DEPRESSION
THAT  CAPTURES  AND  FILTERS

A DESIGNATED LOW-LYING AREA THAT
TEMPORARILY  OLDS  EXCESS
STORMWATER DURMNG HEAVY RAINS,
SLOWLY RELEASING OR ABSORBING |7
10 PREVENT FLOODING AND EROSION

CONSTRUCTED  WETLAND
KCOSYSTEM THAT RETAING
STORMWATER  WHILE  FILTERING.
POUUTANTS  THROUGH  NATIVE
VEGETATION, PROVIDING MABITAT AND.
IMPROVING WATER QUALITY,

L

v
A

A

€
e
2,

3

I

r
&
o

Figure 24: This section highlights how stormwater is managed on site using a sponge city approach.
Following the "absorb, slow, and release" principle, the design uses green features like rain gardens,
marshlands, retention areas, and permeable surfaces. For example, the proposed design will
exceptionally increase the permeable surface of the site.

DESIGN IDEALS

WATER FLOW DIAGRAMS

ABSORB

Figure 25: Layered Key Process Diagrams
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SECTIONS AND PERSPECTIVES  $en @ §rmm e e

StcTIoN 0-0

Section D-D is Main Roundabout. It is a direct

Section A-A is the main plaza. It functions as the L ! L
entrance to the sire and is created with permeable

main hub for the park, decorated with benches,
kiosks, rainwater harvesting, and sculptures.

secron i-¢

scasien

Section E-E is called Green Isles. This area includes
floating gazebos and green isles that offer peaceful
spots for visitors to relax.

Section B-B shows the Sun Pavilion and Tree
Houses. The pavilion is a relaxing spot with a
sunlight dome and Tree Houses are a play area for
kids.

[ oo T e rons )

The perspective renderings visualise key experiential moments
within the site, showing how people engage with various —
elements like vegetation, open spaces, and water features. S o
These visual scenes help communicate the atmosphere and | section F-F is the Lakeside Zone. It features
character of the design, giving a sense of how it feels to move | marshland and wetland plants that help clean the

Section C-C has Outdoor Basketball and Ping Pong : L
area. They are covered by tensile canopy for users’ | through and experience the space. water through a process called phytoremediation.

They help in nutrient uptake that starves invasive
weeds and solve kiambang issue.

comfort and function as a highly active space
Figure 26: Compilations of Perspectives Images

INNOVATIVE DESIGN ELEMENT : SPIN DROP TOWER

NNOVATIVE DESIGN IDEA: THE SPIN DROP TOWER

Material : Reinforced concrete foundation or structural
stability and solar panel integration

Description : Large, flower-fike petals fanning outward like 20
umbrella. Captures rainwater, provides shade and shelter. it
2150 has 3 rain sensor attached 10 it and function when it
rains.

i
—
{ ] i 1 Material: Bamboo and nylon mesh.
x| Description: Vertical, woven or meshiike funnel between
| g the canopy and the storage, iy and breathable Channels
H h 4 o ek s Ciminsad IS TG Vet
=
sl emrSTTm.
| 8 1 Material : HOPE or recycled plastic tank body water-safe
i8] [ spmbit
12 1 | | Description : Rounded or bulging middle portion between
|g| | the funnel and base ke 3 container. Stores the harvested
(] | | i el s e
WATER STORAGE TANK
@ Material : Reinforced concrete foundation for structural
prreess
Description : Ground-level circular deck or platform with an
opening at the center. Act as a platform for the plaza ) ¥
i
Pl 1 i
Figure 28: Material Breakdown Figure 29 Perspective of Spin Drop Tower

DESIGN IDEALS
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SOFTSCAPE PLAN

[PLANTING PLAN & PLANTING PALETTE
4d AT 1
T I o SO v Sam z ‘symeoL
@
@
o
O
)
<€
o SEeAD
; Figure 34: Aerial View of Current Bertam Lake park
, =)
p PLANTING PLAN @ CO N C L U S I O N
Figure 30: Softscape Plan and Softscape Schedule This project began with an investigation into the ongoing flooding and
ottoe S ecological issues affecting Bertam Lake park and the surrounding area in
(ol B for it rpec .,q& .ot o (0 St it e e s T s o o Kepala Batas. Through primary and secondary data collection, the project

identified key factors contributing to the site's vulnerability, including outdated
drainage systems, altered land use, and poor water management. These
findings laid the groundwork for a design approach using the sponge city
concept centered on resilience, sustainability, and ecological healing.

The design process translated this research into a comprehensive master
plan and detailed development strategy that reimagines the park as a climate-
Thee s s the s e s responsive, multifunctional landscape. By focusing on stormwater

Fioie S5 Tyipiee] Seminsl B Svaien (o D7 FUmeins management, hab|ta_t restoratlon, anq improved public access, the proposal not
only addresses the immediate flooding concerns but also enhances long-term

HARDSCAPE PLAN ecological health and user experience. This project aims to serve as a

’ replicable model for other flood-prone areas, showing how thoughtful
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Figure 33: Hardscape Palette
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