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ADDRESSING CLIMATE CHANGE IN 
TERMS OF TEMPERATURE, FLOOD 
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WETLANDS AS A NATURAL SYSTEM FOR FLOOD CONTROL

WETLANDS AS GREENLUNGS FOR TEMPERATURE 
CONTROL

SPONGE CITIES

RAIN HARVESTING PONDS FOR DROUGHT ALLEVIATION
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5. Conclusion
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CLIMATE CHANGE IS REAL & HAPPENING NOW!!!!

1. Introduction to 
Climate Change (Global)



CLIMATE CHANGE IS NO LONGER 

SOMETHING IN THE DISTANT FUTURE. IT IS 

UPON US NOW & THERE IS NO ESCAPE. 

Batu Ferringhi
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The danger posed by war to 

all of humanity - and to our 

planet - is at least matched by 

the climate crisis and 

global warming. I believe 

that the world has reached a 

critical stage in its efforts to 

exercise responsible 

environmental stewardship.

UN Secretary General Ban 

Ki-moon (Mar 1, 2007)

WARNINGS FROM THE 

NOT TOO DISTANT PAST 



Warming of the 
climate system

Increasing in global 
average air and 
ocean 
temperatures

Rising global average 
sea level

Reductions of snow 
and ice

WARNINGS FROM THE 

CLIMATE SYSTEM 
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Flood Damage is 
Very Severe in 

Malaysia

Dec 2014 Flood in Kelantan: RM2.85 billion
2017 Sept Flood in Penang: RM200 million

EXAMPLES OF CLIMATE 
CHANGE EFFECTS IN 

MALAYSIA



W e  l e a d

Al Jazeera

The Star, Saturday, 15 Feb 2020

Muda Lake at critical level

Muda 

Dam’s 

capacity 

was at 

7.44% as 

of 14 Feb 

2020

Penang dams in 

need of rainfall 

The Star, 03 Mar 2020

The effective 

capacity of the 

Ayer Itam and 

Teluk Bahang 

dams yesterday 

dropped to 

45.7% and 

28.6% 

respectively 
(April 3, 2022).

DROUGHTS



(a) TO EXAMINE THE VIABILITY 
OF POND RAINFALL 
(SUSTAINABLE URBAN 
DRAINAGE) AS A 3-IN-1 
MEASURE OF ADAPTING TO 
CLIMATE CHANGE EFFECTS OF: 

(i) FLOODS
(ii) DROUGHTS &  
(iii) TEMPERATURE/HEAT  

(b) TO EXAMINE THE VIABILITY 
OF ROOFTOP RAINFALL 
HARVESTING AS A GREEN 
BUILDING DESIGN FOR  
CLIMATE CHANGE ADAPTATION

2. Objectives of Rainwater

Harvesting 



(1) Research & Consultancy results spanning >40 
years in academia

(2) Literature Review on Rainwater Harvesting & 
Sustainable Urban Drainage

(3) Results from Best Management & 
Demonstration Projects 

(4) Literature Review on Urban Heat Islands & 
Evaluation of Sustainable Urban Drainage 
System on Heat Reduction 

3. Methodology



4. Results & Discussion:(i) Flood Alleviation
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Loss of Forests & Green Areas which absorb 
Rainfall is one of the main reasons for the 
occurrence of flash floods

MAIN CAUSES OF FLOODS
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December 2006 & 

January 2007

Floods in Johor State Combination MYR1.5 Billion 18

2008 Floods in Johor  State MYR65 Million 28

2010 Floods in Kedah and Perlis Combination MYR26 Million (Aid alone) 4

2011 & 2012 La Nina in 2011 and 2012 (which 

brought floods)

Natural NA -

Dec 2014 Severe Floods in East Coast States 

of Kelantan, Pahang, Terengganu

Combination MYR2.9bil 200,000 people affected 

while 21 killed on the flood

12 JAN 2016: 1.00 USD = 4.40974 MYR

SEVERE FLOOD LOSSES!
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Annual Flood 
Damage is Massive 

in Malaysia

Dec 2014 Flood: RM2.84 billion
2017 Sept Flood in Penang: RM200 million



Source:

How Rainwater Harvesting Via 

Sustainable Urban Drainage System help 

reduce Floods

The USM Harapan Lake has an area 

of about 1.05 ha, storage volume of 

about 30,000 m3. Imagine Every 

housing estate having this.

Each Residential House can have a 

Storage Volume of about 1,000-3,000 

m3. Imagine Every house having RWH.



EXAMPLE OF BIOECODS PROJECT IN USM 
ENGINEERING CAMPUS

This project has taken various measures to reduce stormwater runoff rates 
and volumes, and stormwater pollutant load by implementing control at 
source method.

BIOECODS is the first project that uses control at source method in Malaysia 
and attempts to solve three major problems in Malaysia:

Flash Flood

River Pollution

Water Scarcity

(Source: REDAC)



Sungai 

Krian

Lebuhraya 

Utara-

Selatan

Ampang 

Jajar

BIOECODS SITE

Catchment Area: 320 acres

PROJECT LOCATION

USM Engineering Campus 

Design - 1999

Construction- Starts: 
2000

Completed: 2002

Data Collection –
Starts: June 2003-Now.

RESEARCH DEVELOPMENT

(Source: REDAC)



CONSTRUCTED COMPONENTS OF 
BIOECODS

Constructed Swale
Constructed Wet Pond

Constructed Detention Pond

Constructed Wetland

Constructed 

Wading River

Constructed 

Recreational Pond

(Source: REDAC)



DESIGN CONCEPTS

(Source: REDAC)



PEAK FLOW ATTENUATION 

@ DETENTION POND (Beh, 2014)

RAINFALL EVENTS 

9th October 2011 – 50 yr ARI

19th October 2011 – 10 yr ARI

21st October 2011 – 3 month ARI

Note: 100 mm depth of rainfall is considered a possible 

flood event by DID Malaysia

(Source: REDAC)



PEAK FLOW ATTENUATION 

@ DETENTION POND (Beh, 2014)

9th October 2011 – 50 yr ARI

(Source: REDAC)

Detention Pond 
reduces peak flow just 
like natural/rural areas 
with high % of 
forests/vegetation.



Performance of a dry detention pond: case study of 
Kota Damansara, Selangor, Malaysia
This dry detention pond manages to cater for flows up 
to the 100-year ARI design rainfall (Source: Liew et al 
Urban Water Journal Vol. 9, No. 2, April 2012, 129–
136). 

ANOTHER EXAMPLE OF  DETENTION POND

THE POND IS A RECREATION AREA WHEN DRY



(ii) Results & Discussion: Drought Control
Drought is a 
serious 
Climate 
Change 
problem 
affecting a 
large part of 
the world, 
including 
Malaysia 
(Affected by 
El Nino, 
Variability of 
Rainfall over 
Time & 
Space).

Klang Valley Water 
Cut, 3 Sep 2020



POND RAINFALL HARVESTING SYSTEMS 

CAN BE USED AS ALTERNATIVE/SUPPLEMENTARY

SOURCES OF WATER

(Source: REDAC)



The Harapan lake has an area of 

about 1.05 ha, storage volume of 

about 30,000 m3

Desa outlet 
storage pond: 
1.4 million m3

SMART TUNNEL System
Berembang inlet storage 
pond: 0.6 million m3

The Paya Terubong detention pond 

is about the same size as USM’s 

Harapan Lake



Water in Recreational Pond can be 

treated for drinking during drought

Water quality improvement from Class III 

(Wet Pond) to Class II (Recreational Pond)

Water 

Quality 

Performance 

@ 2011 (Beh, 

2014)



• Rainwater Harvesting (Rooftop Harvesting System & Pond Harvesting 

System) is a component of Sustainable Urban Drainage System that is 

used as supplementary at-source control (quantity control)

• Can be utilized as water supply for general usage e.g. toilet flushing, 

farming, gardening etc.

SCHOOLS



W e  l e a d

Roof

Conveyance

Storage Tank

First Flush

Distribution

WET SURFACE MOISTURE INCREASES 

EVAPO-TRANSPIRATION WHICH RELEASES 

HEAT FROM SURFACE UPWARDS 



W e  l e a d



W e  l e a d



W e  l e a d



I WALK THE TALK – INSTALLED 2 
VODA RAINFALL HARVESTING 

SYSTEMS IN MY HOUSE IN PENANG 

Prof Chan’s Home Rainfall 

Harvesting System-Back Garden

Prof Chan’s Home Rainfall 

Harvesting System – Front 

Garden

Petola

Winged Beans (Kacang Botol)

Bendi & Winged Beans

Bayam Brazil

Sweet Potato 

Leaves

1 Unit costs RM2,226.00
(Size of tank = 300 litres)



(iii) Results & Discussion:  
Control of Urban Heat Islands

Trees and 
Wetland 
Plants are 
planted in 
pond 
systems

Source: Wong Wai Sam, SWaM 2019 USM’s Harapan Lake 
is a Popular 
Recreation Area for 
Staff & Students



Local Urban heat islands contribute 

towards overall Global Warming

10 Oct 2003 — At least 35,000 

people died as a result of the 

record heatwave that scorched Europe in 

August 2003. The Earth Policy Institute 

(EPI), warns that such deaths are likely to 

increase, as “even more extreme weather 
events lie ahead”.

CITIES ARE “HOT SPOTS” 
GENERATING URBAN HEAT 
ISLANDS :
Cities have become awesome in 
size, and also greenhouse gas 
emissions. Larger cities have a 
ravenous appetite for energy, 
consuming ⅔ of the world's 
energy and creating over 70% 
of global CO2 emissions.
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• CONCRETE JUNGLE

• DARK ABSORBANT SURFACES

• LACK OF VEGETATION

• LOW RATES OF EVAPOTRANSPIRATION

• HIGH HEAT SOURCE POTENTIAL

• CENTRE OF AIR POLLUTION

• CONCENTRATION OF INDUSTRIES

• HIGH CONCENTRATION OF POPULATION 

• ROUGH SURFACES 

• HIGH CONCENTRATION OF POPULATION 

Ho Chi Minh City

Kuala Lumpur

CAUSES OF URBAN HEAT ISLAND

Osaka
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This revealed an increase of 6.7°C  between 2005 to 2018's 

highest recorded temperatures. This substantial rise in 

temperature is attributed to JB's rate of gentrification and 

increase in number of steel industries, particularly in Kawasan 

Perindustrian Tanjung Langsat and Pasir Gudang which 

recorded land surface temperatures over 33°C.

A study by Think City showed an 

increase of 1.64°C in Kuala Lumpur 

City Centre's surface temperature 
between 1989 and 2019.

(Source: Thinkcity)

https://www.researchgate.net/publication/283709116_Conceptual_Framework_for_Gentrification_Analysis_of_Iskandar_Malaysia


How Green & 

Blue Surfaces 

(RWH Ponds) help 

reduce UHIs

• REDUCE CONCRETE JUNGLE

• REDUCE DARK ABSORBANT 

SURFACES

• INCREASE VEGETATION COVER 

(ESPECIALLY TREES)

• INCREASE RATES OF 

EVAPOTRANSPIRATION

• LOWER HEAT SOURCE POTENTIAL

• REDUCE AIR POLLUTION

• REPLACE INDUSTRIES

• REDUCE CONCENTRATION OF 

BUILDINGS

• INCREASE GREEN-BLUE SURFACES 

• REDUCE CONCENTRATION OF 

AUTOMOBILES

They will reduce 
Most of the Causes 
of UHIs in cities



ROLE OF PONDS & TREES IN INCREASING EVAPO-TRANSPIRATION 
INCREASE HEAT TRANSFER FROM SURFACE (BIOSPHERE & 
HYDROSPHERE) UPWARDS INTO THE ATMOSPHERE

• 1 gram of water evaporated/transpirated 
= 600 Calories of Heat

FLASH FLOOD

URBAN HEAT 
ISLAND

POND



GREEN SURFACES & PONDS REDUCES HEAT

Redfern Park, Sydney. Amphitheatre and on-
site detention basin.

Above ground OSD system for a townhouse in 
Holroyd, Australia. 

USM’S HARAPAN LAKE OSD Landscape Tank in public area.
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Trees and vegetation lower surface and air 
temperatures by providing  (i) shade and (ii) 
evapotranspiration. 

Shaded surfaces, for example, may be 11–25°C 
cooler than the peak temperatures of unshaded 
materials (Akbari, H., D. Kurn, et al. 1997)

Evapotranspiration, alone or in combination with 
shading, can help reduce peak summer 
temperatures by 1–5°C (Huang, et al. 1990; 
Kurn, et al, 1994).

Infra-red thermal 
image of heat being 
emmited in Tokyo. 
Concrete buildings & 
roads due to their 
thermal capacity 
store and emit 
greater heat than 
vegetation.

Source: www. urban-climate-energy.com



Green & Blue 
Areas lower 
temperatures 

Sustainable Urban Drainage 

System including Green 

River Corridors can 

significantly reduce Urban 

Heat Islands effect & create 

the possibility for a better 

quality of life and a lower 

carbon footprint through 

River Management.

• Results of the study show that water bodies (ponds, wetlands, 
streams) and green areas have a significant cooling effect on the 
micro-climate, especially at higher ambient air temperatures. Such 
areas experience an average reduction of 1°C during 
temperatures higher than 20°C. 

• Cooling only occurred during the daytime and ranged from 0.5           
to 2.0°C. The cooling effect was found to be greater when 
temperatures are higher.

• It was also found that the cooling effect did not extend beyond                   
50 metres from the water body/green area. 

• Cooling was significantly affected by urban form. Streets which 
were open to lakes/ponds/rivers, areas with more vegetation, 
areas with reflective surfaces, led to more effective cooling. 

• City cooling effects can be greatly enhanced by careful 
consideration of urban design incorporating Sustainable 
Stormwater Management Systems.



RESULTS FROM CHEONGGYECHEON RIVER, SEOUL: 2003 AND 
2005

This river was paved-over by elevated highway creating congestion, pollution & 
Heat in the city. The river was then revived and restored, replacing the highway 
above it with open space and replanting of a vegetation park which now 
attracts 64,000 visitors a day. The area now experiences lower ambient 
temperatures 3°C lower than city average, land prices have soared and 
biodiversity increased by 639 % along this new blue-green corridor. 

Before July 2003                                    Restoration completed in October 2005.

Summer 30°C Summer 27°C

Winter 3°C Winter 6°C

Lee Myung-bak, Seoul's mayor



GREEN, REFLECTIVE SURFACES OF 

COMPOSITE SWALES REDUCES SOLAR HEAT 

ABSORPTION

(b) Drainage Modular
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Universiti Sains Malaysia Engineering Campus is 
built on a Model Bio-Ecological Drainage 
System



Engineered Channel & Recreational Ponds –
Beautiful Landscape & Functional 



Osaka

RWH Systems in Sustainable 

Urban Drainage System 

including Green Roofs are 

Green Building Designs that 

create the possibility for a 

better quality of life and a 

lower carbon footprint 

through more efficient 

infrastructure and planning.



Bangkok: This Green park can significantly 

reduce Urban Heat Islands, Store & Regulate 

Water, Prevent Flooding & Create a better quality 

of life and a lower carbon footprint to Combat 

Global Warming.

The park addresses major environmental issues 

facing Bangkok as a rapidly developed, hard-

paved city: water management and the urban 

heat island effect. The Increase in 

Evapotranspiration also increases Upward Heat 

Transfers, reducing Urban heat Islands. 

Another Example of RWH System – Chulalongkorn 
Park, Bangkok

Chulalongkorn Park Keeps Bangkok 

Afloat in Monsoon Season
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OTHER METHODS TO REDUCE URBAN HEAT ISLANDS 

Urban Farm     Pasona HQ Tokyo



• Research Results show that Rainwater Harvesting & 

Sustainable Urban Drainage System (SUDS) can be the way 

forward for addressing urban floods, droughts & heat in 

cities  

• RWH Systems can control Floods - By minimizing the 

surface runoff at source through the provision of on-site 

facilities & peak runoff can be reduced in downstream area

• RWH Systems can control Droughts - Stormwater Quality 

improves to Water Quality Class IIB if Pond Harvesting 

System is used. Detention Pond water can be used as an 

emergency water source. Every housing estate will have an 

emergency water source if each has a detention pond.   

5. CONCLUSION

30,000 m3
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Conclusion (cont…)

• RWH Systems can control Heat – Rooftop 
Rainwater Harvesting  incorporating Green Roofs 
Help Reduce Urban Heat islands Significantly.

• RWH Ponds produce a Green, Productive (Urban 
Farms) and Healthy Urban Environment, improving 
Quality of Life and Livability of Cities.

• RWH Ponds/SUDS is a Holistic Tool to Combat 
Global Warming in terms of Flood, Drought & Heat 
Alleviation.

• RWH Pond Systems are Aesthetically                                       
Pleasing & Safe – Scenic, has Recreational                              
Value and not a Public Hazard (Compared 
to Open Drains!).

• Considering all the Benefits, RWH Systems                                          
should be made Mandatory in building designs.

27 May 2016: Two teenage 
boys drowned after they 
slipped and fell into a 
monsoon drain at Jalan 
Sungai Panjang in Selangor.

Lamborghini 

Crashes Into Drain, 

Ugly Malaysians 

Mock Driver Saying 

‘You Deserved It’ 

(https://worldofbuz

z.com/)

Open Drains 

become 

convenient 

“Garbage Dumps”
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THANK YOU

Ngai Weng Chan, PhD
Professor, Universiti Sains Malaysia

President, Water Watch Penang 
www.usm.my

nwchan@usm.my

USM Recreation/Detention Pond

Maintained Lawn & 
Installed 2 Rainfall 

Harvesting Systems

http://www.usm.my/

