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Urban Heat Island
• A city or metropolitan area that is significantly 

warmer than its surrounding rural areas
• Factor of UHI (reducing urban heat islands: 

compendium of strategies):
• Less vegetation
• Urban material properties 
• Urban geometry



Motivation

• What contributes to UHI phenomenon?
• How to map UHI (based on urban building design)?
• How 3D city modeling can contribute to UHI 

mapping (in the view of urban building design)?
• 3D UHI map using 3D city model as a tool for 

efficient and sustainable building design.



3D City Model in UHI
• 3D building representation is necessary to 

understand how urban geometry effects the UHI.
• Many UHI researches relied on 2D information, such 

as building footprints and land uses and hardly 
considering real-world 3D physical elements. 

• It is hard to investigate complex urban characteristics 
that influence local climate without 3D information.



Research Scope

• Shadow analysis 
• Precint 3 – Putrajaya



• Solar absorption and 
orientation analysis

• One building – “Palace of 
Justice”

Research Scope



Tools (Software)
• Autodesk Ecotect Analysis 2011
• Helps in the design of a more energy efficient 

building
• 3D modeling interface with import options such 

as 3DS and DXF

• ArcGIS 10.2.1
• Geodatabase
• ArcScene - ability to link 3D model with 

geodatabase
• Heat analysis



Analysis 1: Shadow Analysis

Model VisualizeSimulate

Import model

Set  location
- dictates latitude, 
  longitude, and climate

Sun setting

Visualize shadow
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Shadow range



Analysis 2: Solar Absorption Analysis

Model VisualizeSimulate

Import model

choose climate file 
and location

Ecotect solar access 
analysis wizard

- Set analysis type
- Set time period
- Shading mask setting
- Establish units (peak,
  average, cumulative)

Material properties

False colour image

Total solar absorption
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Type of materials 
 

 
Texture 

 
Solar Absorption range 
(0-1) 

 
Dome 

 
Plaster, Heat retention foil, 
Ceramic tile 

   

   
 

 
 
0.548235 

 
Roof 

 
Concrete, Asphalt 

   

   
 

 
 
0.900000 

 
Wall 

 
Concrete, Block Plaster, Granite 

   

   
 

 
 
0.506000 

 

Table 1 : Palace of justice building properties

Analysis 2: Solar Absorption Analysis



Autodesk Ecotect

Excel format (Output format)

ArcGIS database
(GIS ready format)

Analysis 2: Solar Absorption Analysis

(Climate and location information )



Analysis 3: Orientation Analysis

Model VisualizeSimulate

Import model

choose climate file 
and location

Ecotect weather 
tool wizard

- Solar tool
- Best orientation

Optimum orientation 
angle chart

Graphical  data



Shadow Analysis
• To view buildings that are not exposed to sunlight from 

different view angles at a particular time
• Shadow ranges based on certain times

Shadow range from 0800-1700



Solar Absorption Analysis

Total Solar Absorption (daily)



Orientation Analysis

The original position of POJ building The position of POJ building after 
alteration of 37.5˚



Annual incident solar radiation for 
building in original position

Annual incident solar radiation for building 
after alteration

Orientation Analysis



Conclusion
• Urban building design does influence the 

temperature of a building.
• The approach could be utilised for early phase of city 

development planning.
• UHI models may help to simulate the environmental 

impacts due to changes in urban infrastructure.
• Other factors to consider – colour, shape, wall 

thickness, materials, etc.
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