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INTRODUCTION  

Bangkok, as a major global city in Southeast Asia and the world, is inevitably affected by the 

negative impacts of climate change. It is also contributing to deteriorating climate change 

situation by emitting greenhouse gases (GHGs). The Kingdom of Thailand made a tremendous 

effort in response to climate change after its ratification to the United Nations Framework 

Convention of Climate Change (UNFCCC) and the establishment of the National Committee 

on Climate Change (NCCC). Since then Thai government adopted and implemented national 

policies related to climate change including the Energy Efficiency Development Plan (EEDP) 

2011-2030, the Alternative Energy Development Plan (AEDP), and most recently, the National 

Master Plan on Climate Change and Thailand Nationally Appropriate Mitigation Actions 

(NAMAs). Following the national policies, the Bangkok Metropolitan Administration (BMA) 

has been working in collaboration with Japan International Cooperation Agency (JICA) on 

Technical Cooperation Project for Bangkok Master Plan on Climate Change 2013-2023 

(Bangkok Metropolitan Administration & JICA., 2015). The Master Plan provided the 

framework for Bangkok to establish a low carbon and climate-change resilient city by 

introducing future visions, prospects and proposed policies and measures in mitigation and 

adaption, roles of BMA and its partners, roadmaps and mechanisms to implement efforts in a 

short, mid and long-term. 

 

Currently, the project has been extended to 2030 aiming to work on 5 sectors: (1) 

environmentally sustainable transport; (2) energy efficiency and alternative energy; (3) 

efficient solid waste management and wastewater treatment; (4) green urban planning; and (5) 

adaptation planning. Only the last sector focuses on adaptation while the rest focus on 

mitigation approach. The current paper will present merely the work of green urban planning 
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sector, its mitigation measures, project selection procedure including methodologies to 

quantify GHG, and selected priority projects to be implemented in short and long terms for 

GHG emission reduction. 

 

MATERIALS AND METHODS  

The Master Plan has a key role to select mitigation and adaptation measures as practical 

projects based on the assessment of their priority, urgency, and feasibility. To develop a 

comprehensive and action-oriented approach, it includes assessment of the current and future 

situations, prioritizing possible interventions, proposing concrete implementation plans of 

feasible measures. Therefore, it contains a package of Business as Usual (BAU) setting, target 

setting, and actual mitigation and adaptation measures. In addition, Monitoring and Evaluation 

(M&E) as well as the Measurement, Reporting, and Verification (MRV) mechanisms were 

developed to ensure the successful implementation of the Master Plan.  

 

Considering mitigation actions on climate change, it is important to see GHG emission amount 

by comparing cases without mitigation actions (business-as-usual or BAU) and with actions. 

In other words, how much GHG is reduced in quantity is one crucial approach to assessing the 

degree of success in mitigation actions in an objective way. In this Master Plan, GHG emissions 

have also been quantified for the 2 emission scenarios, namely the case of BAU and the case 

with emission reduction by taking mitigation actions. The GHG reduction target covers 

activities of Bangkok until 2030 as the target year of operations under Nationally Determined 

Contribution (NDC), with a target of 20-25% from the projected business-as-usual (BAU) level 

by 2030 and 2018 is the reference year with the latest data that is used to measure relative 

changes of GHG emission reductions to the BAU. The GHG emission in the BAU scenario in 

2030 and the sectoral reduction target are shown in the following table. 

 

Table 1. GHG Mitigation Target Summary in 2030 

Unit: MtCO2e 

Sector 

GHG 

Emission in 

2018 

Future GHG 

Emission in 

BAU Scenario in 

2030 

Expected 

Reduction/Absorption 

amount in 2030 

Reduction rate 

against BAU in 

2030 

Transport* 11.84 12.82 4.00 -31% 

Energy** 25.85 36.97 5.55 -15% 

Waste and Wastewater 5.67 6.00 0.60 -10% 

Green Urban Planning -0.05 -0.06 -0.01 +10% 

Total 43.31 55.73 10.14 +18% 
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Remark: 

*   Only emission from land transport (road, rail) and partial water transport included 

** Only emission from 3 main sectors included; residential, commercial and industrial 

 

Unlike the big target to reduce tCO2eq in transport and energy sectors, green urban planning 

sector is estimated to increase the amount of GHG emission absorption against BAU 2030 by 

10%. GHG absorption is to simply multiply activity data (such as amount of electricity used 

for lighting or fuels used for vehicles) and absorption factor. 

 

 GHG Absorption = Activity x Absorption Factor         (1) 

 

With limited urban green space, a study was conducted to find the averaged GHG absorption 

factor of trees planted in Bangkok Metropolitan area in order to estimate effects of GHG 

absorption by urban greening activities in Bangkok such as urban park construction and tree 

planting along road sides. It was found that, by average, trees in the park absorb 0.009 ton 

C/tree/year while street trees absorb 0.012 ton C/tree/year.  

 

GHG absorption is calculated by multiplying activity data such as number of planted trees by 

absorption factor per tree. Activity data such as number of planted trees, which can be managed 

and monitored by BMA in BMA controlled area, is measured by district office, and is compiled 

as statistical data in public park office in department of environment in BMA. GHG absorption 

factor per tree is calculated as follows.  

 

• Major species of 70% occupancy in distribution by type of whole species are selected 

using field survey in urban parks and main roadsides of Bangkok conducted by city planning 

department in BMA and Kasetsart University. 

• GHG absorption factor per tree (ton C/tree) by species is estimated using allometric 

equation of species in FAO (Food and Agriculture Organization of the United Nations) 

database and DBH (Diameter of Brest Height) of species. 

• Averaged GHG absorption factor per tree (ton C/tree) is estimated using distribution by 

type of species and   GHG absorption factor per tree (ton C/tree) by type of species. 

 

From equation (1),   

 Activity data = Number of planted trees (trees) 

 Absorption factor  (whole area): 0.012ton C/ tree/year                        *1 
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    (Road Side): 0.012 ton C/tree/year                        *1 

    (Urban Park): 0.009 ton C/tree/year                      *1 

    (Mangrove): 0.75 ton C/rai/year                            *2 

Source: *1    Estimated by JICA expert team & Kasetsart University 

  *2    Kasetsart University (Fujitsu et al., 2016) 

 

The absorption factor per area (rai) per year can then be calculated. For the urban park, the 

factor is 0.825 tCO2/rai/year where rai is equal to 1600 square meter. 

 

Prior to Bangkok Master Plan on Climate Change 2013-2023, the Green Urban Planning (GUP) 

sector set the mitigation target for the Bangkok Master Plan on Climate Change during 2007-

2013 and following years to absorb 4,047 tCO2eq/year by 2020. By using trend analysis to 

study growing numbers of trees planted in BMA areas, BAU Value was set at 45,232 

tCO2eq/year in 2020 and remains the same till 2023 by assuming that planted trees would be 

properly maintained. 

 

Since the Bangkok Master Plan on Climate Change was renewed to aim at 2030, it is required 

to set the new mitigation target during 2014 to 2030 according to BMA’s record of numbers of 

trees planted in recent years. Mitigation measures involves 5 categories of green areas: 1) 

public park, 2) public area, 3) roadside area, 4) Biotope Area Factor (BAF), and 5) mangrove. 

Nonetheless, access to data was limited and not all annual data was continually collected in 

consistent format. To find missing values between years, interpolation method was adopted. 

Number of trees are accumulative as they are added up by new trees planted each year. These 

are from 2 main sources including the Department of Public Parks and 50 districts of BMA.  

 

RESULTS AND DISCUSSION 

A number of trees planted in each green area category were forecasted following the trend 

analysis and starting from 2018 as the reference year. Since BAF has become a mandatory 

system according to the Bangkok’s Comprehensive Plan 2013, it was assumed that every 

project applying for building permit must have a half of Open Space Ratio (OSR) as BAF. The 

new record of building permission led to revising BAF values and CO2 absorption values. 

BAU values were then adjusted accordingly. The new mitigation target was then set to absorb 

12,366 tCO2eq/year by 2030 as shown in Figures 1. With the updated data, new BAU value 
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was proposed at 60,525 tCO2eq/year by 2030 which is about 134% of the previous BAU value. 

It was found that besides public areas controlled by the 50 districts of BMA, the big mangrove 

areas had played a significant role in absorbing CO2 since 2014.  

 

 

Figure 1. Annual CO2 absorbed by 5 types of green areas as mitigation action in 2018-

2030 

CONCLUSION 

Bangkok’s future mitigation actions and targets are in the development process. For green 

urban planning sector, the new mitigation target was set to absorb 12,366 tCO2eq/year by 2030 

which is about 3 times more than the previous target set for 2020. However, the target is always 

subject to renew at the appropriate time setting. 
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INTRODUCTION 

Thai society has attached importance to people with disabilities. As a result, the architecture, 

buildings and facilities for disables people are important in the design process. The number of 

blind people in Thailand up to 7 hundred and thousand people. And the Northeast region has 

the highest number up to 56 percent.  

 

In the study of thermal comfort is a matter of perception and acceptance in the weather, 

considering the dynamism of environment and the acceptance of psychological comfort of 

human beings. (Kijchai Jitkajornvanich, 2001) Such as the study of thermal comfort and 

acceptance of the elderly (Fanger, 1970) found that’s different from normal people and varies 

by terrain, residential climate. The elderly preferred warmer than the average person and the 

elderly in Thailand are more satisfied warmer than the elderly in cold weather. (Krittin 

Assavavichai, 2015) The study of thermal comfort of people who living in the same area but 

different races found that no difference. People can adapt to the environment and weather 

conditions. (Ellis, 1952) For the blind may have a physical impact on perception, affect the 

feeling and acceptance in thermal environment.  

 

Study thermal comfort theory and adaptive model to determine the condition that group of 

person accepts in the climate of the environment. The results can be applied to building’s design 

in response to the need in comfort zone and the benefits of energy saving in the building. This 

research aims to study satisfaction with the weather and how to adjust to comfort that is suitable 
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for the blind and compare thermal comfort zone of the blind in the study area with the research 

of normal people. There are variables that affect satisfaction in the study to create architecture 

that help the blind live more effectively, happiness and equality in society. 

 

MATERIALS AND METHODS  

 

The methodology of field studies, depending on the living environment and physical 

characteristics. Estimated to determine thermal comfort zone by shown in bioclimatic chart and 

study how to adjust to comfort in neutral environment with 3 factors that is affecting to comfort 

as climate, buildings and building’s users. Study processes are divided into 4 steps as shown. 

 

 

Measurement tools include Fluke 975 air meter (Air temperature, humidity and velocity meter) 

and Heat index wet bulb globe thermometer meter. The measured values are replaced in the 

equation for the real mean radiant temperature (MRT) as follow.   

 

TMRT = {(TG + 273)4 + [(
1.1 x 108 x V0.6

ε D0.4
)  x (TA-TG)]}

0.25

- 273 

 

By TMRT is Mean radiant temperature TG is Heat radiation temperature of Black Globe 

 V is Velocity (m/s)   D is Diameter of Globe Thermometer (m.) 

 Ɛ is Globe Emissivity (Thermal radiation coefficient) = 0.95 (ISO 7726, 1998) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Research methodology 

1. Study process (Theory and literature review) 
 

 Thermal comfort and adjustment to comfort           Physical characteristics of the blind 
 

Study area 

 

2. Survey process (Interview form and weather measuring instruments) 
 

Climate data      Basic information of people      Climate’s feeling data      Adjustment data 

 

3. Statistical data analysis (Linear regression) 
 

Climate       People       Satisfaction with the weather       Adjustment 
 

4. Conclusion process 
 

Thermal comfort zone     Adaptation and environmental adjustment of the blind to comfort 
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Initial data analysis with statistical relationship to find the relationship between variables these 

influence thermal comfort and bring up the correlation. The results analyzed by simple linear 

regression, to introduce the value of dependent variables by independent variables. Prove the 

tendency of average answer from the interview forms. 

 

Considering only the passive system area. Sample population is the blind who living in Khon 

Kaen vocation school for the blind for at least 6 months, familiar with the weather and domicile 

in the region. Age 15-60 years old, both low vision and blind. Content scope is considered 

thermal comfort factors. 

 

RESULTS AND DISCUSSION 

From 9 days of survey by randomly collecting 214 interview forms (110 people) at 5:00 am 

to 5:00 pm. The weather can be divided into the 3 seasons as shown 

 

Table 1. Show the weather ranges from all field data. 

Survey Period Air 

temperature 

(°C) 

Relative 

humidity 

(%) 

Air 

velocity 

(m/s) 

Mean radiant 

temperature 

(°C) 

Winter (2016 and 2017) 16.9 – 30.4 49 – 82.1 0 – 2.5 15.2 - 30.4 

Summer (2017) 33.7 – 38 37.3 – 44 0 – 0.69 33.3 – 37.7 

Rainy season (2017 and 

2020) 

26.2 – 34.9 47 – 84.5 0 – 1.8 25.7 – 34.9 

Weather ranges from all data 16.9 – 38 37.3 – 84.5 0 – 2.5 15.2 – 37.7 

  

Current activity that interview respondents done most is sitting and talk ( 1.3 met-value) and 

walking (2.0 met-value). The values of clothing insulation range from 0.19 clo-value (t-shirt, 

shorts and no shoes) to 0.79 clo-value (slip, shirt, jacket, trousers and sneakers). And the 

highest values of clothing insulation is 0.40 clo-value (shirt and trousers). 

 

Survey area, most respondents lived in semi-outdoor areas at 68% such as canteen, corridor 

and Thai massage pavilion, second is indoor areas at 23% and outdoor areas at 9%. Most of 

the blind are moving slowly in the shade. The averages of the answers are as shown  

 

Table 2. Show the average of the answers, feelings and satisfaction with the weather 

Scale Max - 

min 

Choices Average Standard 

deviation 

Average of Choice 

ASHRAE -3 to 3 7 0.3 1.78 Neutral 

Comfort -3 to 3 6 -0.63 2.07 Slightly comfortable 

Acceptability 0 to 1 2 0.67 0.47 Acceptable 

Preference -3 to 3 

-1 to 1 

3 

7 

-0.37 

-0.59 

0.74 

1.37 

Unchanged  

slightly lower 

temperature 

Humidity -2 to 2 5 -0.24 0.86 Neutral 

Velocity -2 to 2 5 0.4 0.86 Neutral 

Sweating   0 to 3 4 0.54 0.77 A little sweat 
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If the weather is too hot most answer is taking a shower and moving to semi-indoor, if too cool 

most answer is wearing thick clothes or putting blanket on. So the most common adaptation 

answer is dressing up and moving to more comfortable place and the answer of environmental 

adjustment is the opening and closing of windows. 

 

Field survey analysis, bring the answer of satisfaction with the weather to average in each range 

based on weather variables. Then find the relationship between variables in charts for linear 

regression analysis. Using equation y = bx + a to find the regression coefficient as shown in 

charts figure 2 to 3 and when the variable (y) is replaced in equation. 

 

      
Figure 2. Show chart of  air temperature and mean radiant temperature analysis 

from ASHRAE scale of all data 

      
Figure 3. Show chart of  air temperature and mean radiant temperature analysis 

from Preference scale of all data 

 

Analyzing relationship between weather variability and the answer of satisfaction with 

weather, the coefficient of x (b) and constant (a) of equation can find comfort zone by 

substituting the value y (neutral answer range) in that equation as shown in table 3 and divided 

into two seasons. 

 

 

 

Table 3. Show comfort zone in winter, summer and rainy season and all weather 

conditions. The comfortable temperature range in this study was obtained by 

analyzing relationship between ASHRAE scale and mean radiant temperature. 

Scale Variable 

(y) 

Coefficient 

of x (b) 

Constant 

(a) 

Variance 

(R²) 

Comfort zone  

Predictive variable (x) 

ASHRAE 

(winter) 

0 (neutral) 

-0.5 to 0.5  
 

0.1683 

 

-4.7404 

 

0.7958 

MR temperature 28.2 °C 

25.2 °C to 31.1 °C 

Humidity 

(winter) 

0 

-0.5 to 0.5  

0.0272 -1.8994 0.4921 Relative humidity 69.8 % 

51.4 % to 88.2 % 

YTA = 0.2383x - 6.2609

R² = 0.9012
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Velocity 0 0.4214 0.3925 0.5164 Air velocity 0.93 m/s 

ASHRAE 

(summer) 

0 (neutral) 

-0.5 to 0.5  
 

0.2354 

 

-5.7983 

 

0.6854 

MR temperature 24.6 °C 

22.5 °C to 26.8 °C 

Humidity 

(summer) 

0 

-0.5 to 0.5  

0.0531 -3.2884 0.6198 Relative humidity 61.9 % 

52.5 % to 71.3 % 

Velocity 0 0.8783 -0.1459 0.5428 Air velocity 0.17 m/s 

ASHRAE 

(all) 

0 (neutral) 

-0.5 to 0.5  
 

0.2402 

 

-6.2045 

 

0.8909 

MR temperature 25.8 °C 

23.7 °C to 27.9 °C 

Humidity 

(all) 

0 

-0.5 to 0.5  

0.0377 -2.529 0.5476 Relative humidity 67.1 % 

53.8 % to 75 % 

Velocity 0 0.6189 0.1464 0.4609 Air velocity 0.24 m/s 

 

Comfort zone of this research is compared with international thermal comfort standard of 

normal people found that in winter is different but in summer and rainy season are consistent 

with standard values but with higher humidity. 

 

 
Comfort zone in winter of this research 

Comfort zone in summer and rainy season of this research  

Comfort zone in all weather conditions of this research 

Comfort zone in latitude 16 degrees (Khon Kaen) of  Olgyay 

Figure 7. Show chart of comfort zone of this study for the blind in clothing 

insulation at 0.4 clo-value and activity rate at 2.3 met-value. Compared 

with comfort zone of bioclimatic chart latitude 16 degrees (Khon Kaen) 

 

 

CONCLUSION 

In winter, the blind satisfied with warmer and slightly higher humidity than normal person but 

in summer and rainy season and all weather conditions they preferred more humid air because 

of adaptation. Air temperature is higher and humidity is lower than comfort zone. The blind 

choose to live in semi-outdoor areas most, self-adjustment is easier than adjusting the 

environment. The satisfaction with weather different from others because of sensibility process. 
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INTRODUCTION  

There are various effects of the global warming that causes troubles to humanity eg. Extreme 

events include storm surges, worse tropical storms, more rain, etc. Bangkok is one of the cities 

that will face extreme events and will later submerge soon while the existing infrastructure 

system cannot handle the changing of the new global climate. More and more parts of the city 

continue to submerge because the city infrastructure such as the city canal network is blocked 

by the water gate system. Each of it section by section, is barricaded whereas the urban drainage 

system cannot handle the mass of water. Together with the result of less urban green area and 

other factors, it is necessary to adapt Bangkok infrastructure into a flood resilient city. To adapt 

to the new global climate, urban planning, building regulation need to update those new factors 

into the new design guidelines. 

 

This research was produced to study the urban strategies for future development to adapt to 

new factors such as seawater rise and, extreme weather events through the change of human 

habitat lifestyle from the existing condition. 

Keyword: flood resilient, green infrastructure, extreme events, sea level rises, guideline, 

regulation. 
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Thesis question 

 what kind of system can be implemented and adapted to the upcoming flooding eras of 

urban planning to prevent damages from more severe natural disasters such as floods 

and storm surges? 

 how can we implement a new system into building block and/or urban planning with 

the least effect on the community? 

 what is a possible guideline that scan offer beneficial suggestions to the recent problem? 

 

MATERIALS AND METHODS  

We have researched related case studies based on World flood prevention urban design and 

management to study the adaptation of design into each area. Some examples are coastal and 

urban development areas in the US as well as Thailand. It was proposed on green infrastructure 

basis on green spaces in city center and linking to other areas by bioswales. 

 

In this research, we used methodological procedures as follows: Step 1: Develop a conceptual 

framework, practicing and theories. Step 2: Explore case studies. Step 3: Select sites and focus 

areas for practicing on research. Step 4: Propose and investigate information and comments 

from the focused group. Step 5: Synthesize information into knowledge to propose 

guideline/regulations. 

 

Focus area 

In this research, the focus areas are selected based on 2 area with different climates. The first 

is the developmental urban area on river line protection (Khlongsan), and the second is the 

Coastal area (Bangkhuntien) for the study of coastal extreme event prevention.  

 

From JISTDA, flood frequently interactive map presents the annual flood area in each zone. 

Sites are set in 3 conditions including Low flood level (30 cm), moderate flood level (50 cm), 

and high flood (1 meter) for criteria of proposal design. 

 

Each condition is set followed by historical flood height. Start from deep flood followed 2011 

Historical flood, average height is around 1 meter, we set as the worst-case scenario for 

adaptation. The lower flood condition we suggest as frequently flood in each area by divided 

into 2 scenarios of the low flood (30 cm), medium flood (50cm). 
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Figure 1. Khlong San area frequently flood map from GISTDA 

 

 

Figure 2. Bangkhuntien area frequently flood map from GISTDA 

 

RESULTS AND DISCUSSION 

Urban area (Khlong San) 

 

Figure 3. Khlong san area proposal map 

 

Its urban area is divided into 3 levels based on 3 cases of flood level. 

Level 1 includes all main roads improved as Bioswales and cisterns that store and provide 

better surface drainage with permeable surfaces from soft and hardscapes. From the proposal 

design calculation, the depths of all Bioswales of 3 meters and cisterns are at least 2.5 meters. 

The result calculates from the length and width of Bioswales and cistern are 484,300 cubic 

meters which is reach 101% of a low flood situation (462,720 cubic meters). Level 1 (484,300 

cubic meters) consists of all empty green areas and public park capacity (438524.5 x 0.5 depth 

= 219,262.25 cubic meters) with its result is 703,562.25 cubic meters which already reach 91% 

of a moderate flood (771,200 cubic meters). 
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Level 2 includes all open space community zones and public zones together with residential 

areas (585474.5 x 0.3 = 175,642.35 cubic meter). The results combined with level 1 are 

879,204.6 cubic meters which are 114% of a moderate flood. 

Level 3 includes all development zone setbacks (10 meters width*3 meters deep) combines 

together with all level results are 1,017,504.6 cubic meters which are reaching 66 % of deep 

flood capacity (1,542,400 cubic meters). To reach 100 percent, all buildings are required to 

include a green roof covered the building footprint. 

 

Coastal area (Bangkhuntien) 

 

Figure 4. Bangkhuntien area proposal map 

 

The coastal area is divided into 2 levels. 

Level 1 comprises infrastructure including main road from Rama II road connected to 

Bangkhuntien-Chai Thalae road. All main roads improved as Bioswales that store and provide 

better surface drainage with permeable surface from soft and hardscape, draining the excess 

water mass to the ocean by passing the preserved mangrove forest. The capacity from Rama II 

roads (10 meters width * 3 meters deep) together with Bangkhuntien road (5 meters width*3 

meters deep) the results is 1,957,620 cubic meters already reaches 80% capacity of high flood 

(2,448,000 cubic meter). 

Level 2 extends the green infrastructure into residential areas and public building facilities and 

links to the main green infrastructure. 

Level 3 maximum extend green infrastructure into residential growing areas and including 

existing shop houses and factories to support each other with the main green infrastructure 

network. 

 

The coastal area needs maintenance on green area which is mangrove forest that helps absorb 

storm surges from extreme events that occur more frequently. 
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CONCLUSION 

Guideline 

Guidelines have been developed from the design proposal on 2 sites arranged into design 

guidelines for infrastructure in flood eras to prevent damages from climate change.  

 

Urban area  

Level 1: infrastructure 

All footpaths are necessary to integrate Bioswales, cisterns, and inside water storage, 

Permeable materials are required in hardscape which work together with vegetation to let water 

pass into water feeder under the pavement. To work as the main green infrastructure system 

and connect each green area as a green infrastructure network. Each Bioswale and cistern 

capacity requires at least 3 meters high for water storage spaces and water feeding water mass 

to canal and river. All existing green areas and empty land are necessary to be improved as a 

green supporting area for absorbing rainwater and working as a detention zone to evaporate, 

delay water mass speed and absorb the rainwater to reduce floods that occurs in the surrounding 

area by adding perforated pipes and feeder system to send flood water to the public Bioswale.  

Public parks can be rearranged to support the main flood support system and detention ponds 

can be added for water storage in the dry season. Specification of flood supporting green area 

units is required at least 0.3 times in the green area for the adequate volume. 

Green area volume = area x 0.3(at least) 

The natural barriers (Mangrove Forest) coastal area require maintenance and extend their width 

to stop the tidal waves and storm surges from extreme events on land and above, including 

residential, and other urban facilities. 

Level 2: Community and culture zone 

Community infrastructure. Hardscape and walkway inside community zone are required to 

rearrange by adding underground water storage inside feed to public Bioswales and link with 

green area inside community. 

Art and culture zone, Rearranging hardscape inside the area can be done by adding 

underground retention system together with green area for supporting rainwater feed to green 

infrastructure grid. 

Level 3: Development zone 

Low rises building zone requires 2 parts. (1) Architecture scale green infrastructure, and (2) 

green roof for absorbing rainwater and being fed to storage on ground floor space as well as to 
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public green infrastructure network. Setback and hardscape are required underground bio-

retention and permeable hardscape on top for supporting rainwater to link with green area 

around the zone. High rise Building with large plot of landscape. Existing green space in the 

area requires implanting the feeders to drain absorbed rainwater into main green infrastructure 

to drain to river. High rise buildings require green roofs and storage tanks for supporting and 

recycling rainwater for use in the buildings. The drainage is fed directly into public Bioswales. 

 

Coastal area  

Level 1: infrastructure  

All main road footpaths are necessary to integrate Bioswales, cisterns, and water storage inside. 

Permeable materials are required in hardscape and working together with vegetation to let 

water pass into water feeder under pavement. To working as main green infrastructure system 

and connect each green area together as network of green infrastructure, each Bioswales and 

cisterns capacities need at least 3 meters high for water storage spaces and water feeding water 

mass to river and ocean.  

Green area volume = area x 0.3(at least)  

The natural barriers (Mangrove Forest) require maintenance and extend their width to stop the 

tidal waves and storm surges from extreme events on land and above, including residential, 

and other urban facilities. 

Level 2: Community and Facilities 

Community infrastructure: land around each community and villages require underground bio-

retention for supporting the rainwater and feed to public Bioswales Green area volume = area 

x 0.3(at least). 

Level 3: Development zone 

Factory buildings and shophouses can be divided into 2 parts in the following. Architecture 

scale green infrastructure for absorbing rainwater and feed to storage on ground floor space 

covered with permeable and feed to public green infrastructure network. Setback and hardscape 

around require underground bio retention and permeable hardscape on top to support rainwater. 
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