
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 27, 2023

Unified Data Model of Urban Air Pollution Dispersion and 3D Spatial City Models:
Groundwork Assessment towards Sustainable Urban Development for Malaysia

Ujang, Uznir; Anton, François; Rahman, Alias Abdul

Published in:
Journal of Environmental Protection

Link to article, DOI:
10.4236/jep.2013.47081

Publication date:
2013

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Ujang, U., Anton, F., & Rahman, A. A. (2013). Unified Data Model of Urban Air Pollution Dispersion and 3D
Spatial City Models: Groundwork Assessment towards Sustainable Urban Development for Malaysia. Journal of
Environmental Protection, 4(7), 701-712. https://doi.org/10.4236/jep.2013.47081

https://doi.org/10.4236/jep.2013.47081
https://orbit.dtu.dk/en/publications/c8d95e77-f3da-40aa-bc61-090ba6befb1e
https://doi.org/10.4236/jep.2013.47081


Journal of Environmental Protection, 2013, *, **-** 

doi:10.4236/jep.2013.***** Published Online *** 2013 (http://www.scirp.org/journal/jep) 

Copyright © 2013 SciRes.                                                                                  JEP 

Unified Data Model of Urban Air Pollution Dispersion and 

3D Spatial City Models: Groundwork Assessment towards 

Sustainable Urban Development for Malaysia 

Uznir Ujang
1*
, François Anton

2
, Alias Abdul Rahman

1
 

 
1Department of Geoinformation, Faculty of Geoinformation & Real Estate, Universiti Teknologi Malaysia, Johor, Malaysia; 
2Department of Geodesy, Denmark National Space Institute, Technical University of Denmark, 2800 Kgs. Lyngby, Denmark. 

Email: *mduznir@utm.my 

 

Received Month Day, Year (2013). 

ABSTRACT 

Understanding the behavior of urban air pollution is important en route for sustainable urban development (SUD). Ma-

laysia is on its mission to be a developed country by year 2020 comprehends dealing with air pollution is one of the 

indicators headed towards it. At present monitoring and managing air pollution in urban areas encompasses sophisti-

cated air quality modeling and data acquisition. However, rapid developments in major cities cause difficulties in ac-

quiring the city geometries. The existing method in acquiring city geometries data via ground or space measurement 

inspection such as field survey, photogrammetry, laser scanning, remote sensing or using architectural plans appears not 

to be practical because of its cost and efforts. Moreover, air monitoring stations deployed are intended for regional to 

global scale model whereby it is not accurate for urban areas with typical resolution of less than 2km. Furthermore in 

urban areas, the pollutant dispersion movements are trapped between buildings initiating it to move horizontally causing 

visualization complications which imply the limitations of existing visualization that is based on two-dimensional (2D) 

framework. Therefore this paper aims is to perform groundwork assessment and discuss on the current scenario in Ma-

laysia in the aspect of current policies towards SUD, air quality monitoring stations, scale model and detail discussion 

on air pollution dispersion model used called the Operational Street Pollution Model (OSPM). This research proposed 

the implementation of three-dimensional (3D) spatial city model as a new physical data input for OSPM. The five Level 

of Details (LOD) of 3D spatial city model shows the scale applicability for the dispersion model implementation. Sub-

sequently 3D spatial city model data commonly available on the web, by having a unified data model shows the ad-

vantages in easy data acquisition, 3D visualization of air pollution dispersion and improves visual analysis of air quality 

monitoring in urban areas. 

 
Keywords: 3D Spatial City Model; Urban Air Dispersion Model; Unified Data Model; Sustainable Urban Develop-

ment; CityGML; 3D Visualization; 3D GIS 

1. Introduction  

Since 1950’s the world’s population increases to triple in 

25 years [1].  The world’s population is projected up to 

7.3 billion in 2015. Table 1 shows Asia is among the 

regions that indicate a drastic increase in urban percent-

age. Asia percentage for average annual rate of change 

for an urban area is 2.39% and for rural area it decrease 

-0.2%. In Malaysia, urban population rises from 

1,244,000 in 1950 to 20,150,000 in 2010 (Figure 1). 

Besides population increasing, another factor that 

comes to pass concomitantly is the urbanization process 

especially in developing countries.  Usually the situa-

tion arose when people move from rural areas to urban 

areas for a better living standard. For instance, in Malay-

sia the projected annual rate percentage population living 

in rural areas decreases dramatically from 28% to 12% of 

the total population at year 2010 and 2050 consecutively 

(Figure 1). Annual rates of change percentage for ur-

banization retain growing positively and showed the 

trend will absolutely necessitate urban development. 

Urbanization process gives impacts in a range of eco-

nomic, political, social, cultural, and environmental. 

Based on current and previous research, it shows that 

urbanization usually contributes negative impacts on the 

environment if the developments are not taking into con-

siderations of having a proper development process[3-5]. 



Unified Data Model of Urban Air Pollution Dispersion and 3D Spatial City Models: Groundwork                          

Assessment towards Sustainable Urban Development for Malaysia 

Copyright © 2013 SciRes.                                                                                  JEP 

2 

 
Table 1. World’s urban population from 2011 to 2050 [2]. 

Country or 

area 

Population (thousand) 
Percentage Urban 

Average annual rate of change 

(percentage) 

Urban Rural Urban Rural 

2011 2025 2050 2011 2025 2050 2011 2025 2050 2010-2015 2010-2015 

World 3632457 4642582 6252175 3341579 3360397 3053953 52.1 58 67.2 1.97 0.12 

Africa 413880 642423 1264629 632043 774635 926970 39.6 45.3 57.7 3.23 1.63 

Asia 1895307 2512033 3309694 2312140 2218097 1832526 45 53.1 64.4 2.39 -0.2 

Europe 539010 566299 591041 200289 177591 128216 72.9 76.1 82.2 0.4 -0.71 

Latin 

America 

and the 

Caribbean 

472175 560030 650479 124454 118748 100476 79.1 82.5 86.6 1.42 -0.3 

Northern 

America 
285805 330040 395985 61758 58432 50878 82.2 85 88.6 1.13 -0.45 

Oceania 26280 31758 40346 10895 12894 14887 70.7 71.1 73 1.49 1.38 

Realizing these challenges, major cities tend to minimize 

the negative effects and build the benefits [6-8].  

Therefore people are looking forward to a sustainable 

urban environment in developing urban spaces that meet 

the standard for future generations and fulfill current 

development needs. 

Sustainable urban development can be described as 

development that improves the long-term health of social 

and ecological cities and towns [9]. It reflects The Rio 

Declaration on Environment and Development, Agenda 

21 by the United Nations, stated: 

 

Principle 1: “Human beings are at the center of concern 

for sustainable development. They are entitled to a 

healthy and productive live in harmony with nature”. 

 

This situation has caused development tends to organ-

ize pollutions by understanding the pollution behavior. 

Less pollution is one of the major characteristics of sus-

tainable developments [9]. Understanding the pollution 

behavior is important in the planning stage in order to 

control and manage pollution. In this paper, focuses are 

meant for urban air pollution, one of most pronounces 

urban pollution [10]. In Malaysia, preceding research 

based on several cases showed that air pollution gives an 

impact on human health [11]. Since Malaysia is on the 

move to become a developed country by the year 2020, 

managing air pollution is one of the indicators headed for 

that mission. Therefore in this research the discussion is 

constructed on the unified data model of urban air dis-

persion models for link-based air pollution source with 

3D spatial city models as a useful data input expansion 

and visualization. Section 2 in this research paper dis-

cussed on the initiatives and limitations in Malaysia re-

garding to air quality monitoring in urban areas. Mean-

while Section 3 explains the 3D spatial city models tech-

nical details, modules and possible implementation for 

air quality monitoring in urban areas. Moreover thorough 

discussions were made in Section 4 regarding the inte-

gration of urban air pollution dispersion model in 3D 

spatial city models. Later Section 5 shows the unified 

data model proposed for implementation and simulation 

result of air dispersion in 3D spatial city models. The 

integration was studied thoroughly and a unified data 

model was presented in this paper. 

2. Policies, Monitoring Stations and Scale 
Model Limitations in Malaysia 

In the current 10th Malaysia’s Plan, Thrust 4: “To Im-

prove the Standards and Sustainability of Quality of 

Life” shows that Malaysia be present in positioning its 

part towards The Rio Declaration on Environment and 

Development, Agenda 21 by the United Nations. It can 

be perceived in policies on the subject of land  use, cli-

mate change and green technology. As an example, for 

land use - National Physical Plan (NPP) and National 

Urbanization Policies (NUP); Climate change - National 

Policies on Climate Change and Road Map for Reduc-

tion of GHG Emissions; and Green technology- National 

Green Technologies Policy. 
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Figure 1. Annual percentage of Malaysia’s urban population (Source: Population Division of the Department of Economic 

and Social Affairs of the United Nations Secretariat, World Population Prospects: The 2006 Revision and World 

Urbanization Prospects: The 2007 Revision, http://esa.un.org/unup, Tuesday, April 24, 2012; 2:19:41 AM). 

 

However, moving towards sustainable development 

for urban spaces is not an easy task. Despite the fact that 

policies regarding on the sustainable development are 

present, but to manage spaces with rapid development, 

active industrialization and high traffic volumes form a 

different scenario for the administration. Monitoring air 

quality in urban areas requires more monitoring stations 

to be positioned near to cities whereby it is unmanagea-

ble and not practical. Due to that limitation, monitoring 

stations are planned for large scale air quality model [12, 

13]. 

Scale model in air quality modeling can be character-

ized into several groups. According to Srivastava and 

Rao [14] the categories are Global, Synoptic, Regional, 

Meso-scale and Micro-scale model. Different scale mod-

el gives difference influence in air quality modeling vis-

ualization. Table 2 shows the different domain scale for 

each category. Each domain identifies different accuracy 

of air quality monitoring. Smaller grids will give a more 

accurate model for specific area compared to larger grids 

whereby it will calculate the mean for total grids. 

Nevertheless, current situations in many countries the 

available information are range from Global to Regional 

scale model. It is due to several factors.  Vardoulakis,  

 

 

 

 

Table 2. Typical domain for different scale model [14] 

Model 
Typical Domain 

Scale 

Typical 

Resolu-

tion 

Motion Example 

Macro 

Scale 
200x200x100m 5m 

Molecular diffu-

sion, Molecular 
viscosity 

Meso 

-Scale 

(urban) 

100x100x5km 2km 

Small plumes, Car 

exhaust, Cumulus 
clouds 

Regional 1000x1000x10km 36km 

Gravity waves, 

Thunderstorm, 

Tornados, Cloud 
clusters 

Synoptic 

(conti-

nental) 

3000x3000x20km 80km 

Weathers fronts, 

Tropical storms, 
Hurricanes, 

Antartic ozone 

hole 

Global 65000x65000x20km 4° x 5° 

Global wind 

speed, Rossby 

(planetary) waves, 
Global warming 

 

Fisher, Pericleous, and Gonzalez-Flesca [15] discovered 

that monitoring stations in urban areas are limited to a 

few sites and often it is located at airports. As for an 

example, the Malaysian Meteorological Department 

monitors 22 air pollution monitoring stations throughout 

the country (Figure 2). Meanwhile, Department of En-

vironment Malaysia only has 15 continuous air quality 

monitoring stations in urban areas and their major focus 
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is in Klang Valley whereby the capital city of Malaysia, 

Kuala Lumpur is located (Figure 3). These stations are 

based on regional scale model and did not focus on a 

specific area that less than 2km grid. Unfortunately, the 

major source of air pollution in urban cities comes from 

vehicle emissions [16]. Heavy traffic and slow vehicle 

movements seem will trap the pollutant emission inside 

of the urban geometry. The circulation of pollutant be-

tween buildings will worsen if there is no natural ventila-

tion or slow background wind speed. However it is cru-

cial to monitor air pollution in urban cities in order to 

have a better and healthy living standard. But to deploy 

monitoring stations at street level will affect the cost. 

This is one of the reasons why it is difficult to have a 

Micro scale model for air pollution monitoring in urban 

area [17]. 

 

 

 

 

 

 

 

 

 

Figure 2. Location of Air Pollution Monitoring Stations by 

Meteorological Department, Malaysia. 

 

 

 

 

 

 

Figure 3. Location of Continuous Air Quality Monitoring 

Stations by Department of Environment, Malaysia. 

 

Another alternative is to perform air quality modeling 

in the urban area [18, 19]. Since the agent (pollutants) is 

a moving object, appropriate modeling approach in a 

rapid development place need to be deliberate compre-

hensively. In a practical approach, the urban air quality 

model requires several data input [15]. The geometry of 

an area model is important in order to produce a more 

accurate result. To date, there are complications in data 

acquisition for rapid development places. New data input 

like building geometries (e.g. Building's height, width 

and gaps) need to be collected from ground measure-

ments and re-calculated with other inputs (e.g. street 

geometries). This data is important in air quality model-

ing (dispersion model) to produce an accurate output. 

In air dispersion models, it consists of two major 

groups of data: meteorological and physical data (Figure 

4). Meteorological department monitors information re-

garding to meteorological circumstances (i.e. Wind 

speed, pollution concentration, wind direction and etc.). 

Moreover in several countries these data are available for 

public use. On the other hand for physical (spatial) data, 

the exact geometrical state for the modeling is required 

because different geometries for the street canyon will 

affect the dispersion movement. Therefore the exact 

street geometry measurements are necessary in order to 

calculate the air dispersion model. 

Current practice in acquiring those data is via ground 

or space measurement inspection such as field survey, 

photogrammetry, laser scanning, remote sensing or using 

architectural/floor plans [20-22]. But in order to measure 

the geometrical data for developing areas, there are com-

plications in terms of data acquisition. Development area 

such as in major cities will involves with rapid changes 

that causes data updating difficulties for air pollution 

modeling. Therefore this research proposed a unified 

data model between air quality models with 3D spatial 

city modeling. As in Figure 4, all spatial information 

needed in air quality models is available in 3D spatial 

city modeling. Although 3D spatial city model (i.e. 

CityGML) is an open-standard data model, nevertheless 

with a proper amalgamation with air quality modeling, 

3D spatial city model can be a new way of data input for 

visualizing air pollution dispersion model. 

 

 

 

 

 

 

 

Figure 4. Urban Air Dispersion Modeling and 3D Spatial 

City Model Conceptual Data Integration. 

3. 3D Spatial City Model 

Users now interested in the visualization of 3D objects 

[23-26]. It can be seen from the user demand viewpoint 

in 3D based applications [27-29]. This is to facilitate the 

visualization of 3D objects as it is more realistic than the 

two-dimensional (2D) display. Undoubtedly that a 3D  

 

 

 

 

 

3D Spatial City Models 
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Figure 5. 3D Spatial City Models Available on the Web in March 2013. 

 

view of a building model is more realistic compared to 

2D floor plan or a cross section of a building plan. At 

present, in order to promote investors and tourism, most 

of the major cities have acquired 3D building models 

(Figure 5). They also plan to increase those numbers 

based on their development growths. 

The trends of 3D spatial city model development can 

be seen from the efforts of many [30, 31]. Some of them 

are coming from a private business, government, acade-

micians, researchers or group of students. There are var-

ious tools on the market which facilitate these parties to 

develop those 3D models. Some of them develop this 

model as a hobby while others develop it as a planning 

for the future. However, these models are mainly used 

for visualization. Most of the visualization is just to per-

ceive the development that took place in a city or just to 

get an insight at interesting architectural shapes of build-

ings with simple information inquiries. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Wind flow around a building [34]. 

 

Based on this trend, 3D data will be an important re-

source in the near future. Figure 6 and Figure 7 shows 

that there is a need in requiring more comprehensive way 

of describing urban air pollution behavior. Based on the-

se scenarios, researchers try to view urban air pollution 

in 3D visualization [32, 33]. 

3D visualization gives a better understanding of air 

pollution dispersion models. In Figure 8, a warning line 

for NO2 pollution level is drawn on a 3D building model. 

Until recently, Metral, Falquet, and Karatzas [34] dis-

covered the integration of air quality models with 3D 

spatial city model can create an interoperable way for air 

quality models in 3D. The existing CityGML structure 

consists of useful information for the ontology of the 

urban planning process (OUPP). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Road type categories [32]. 

 

The relevancy of using the 3D spatial city model 

(CityGML) for air quality monitoring is its scale. As 

discussed in Section 2, air quality modeling in urban 

areas requires a scale model that less than 2km resolu-

tion. But to acquire data for micro-scale urban areas is 

challenging. Detailed geometries for buildings and street 

objects are necessary before executing the calculations. 

However in CityGML they have different scales for im-

plementations called the Levels of Detail (LOD). Each  

 

 

 
Stuttgart Berlin Putrajaya 
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Table 3. LOD 0-4 of CityGML with its accuracy requirements [36]. 

 LOD0 LOD1 LOD2 LOD3 LOD4 

Model scale description 
regional, 

landscape 
city, region 

city districts, 

projects 

architectural 

models (out-side), 

landmark 

architectural 

models (interior) 

Class of accuracy lowest low middle high very high 

Absolute 3D point 

accuracy (position / 

height) 

lower than 

LOD1 
5/5m 2/2m 0.5/0.5m 0.2/0.2m 

Generalisation 

maximal 

generalisation 

(classification of 

land use) 

object blocks as 

generalised 

features; > 

6*6m/3m 

objects as 

generalised 

features; > 

4*4m/2m 

object as real 

features; > 

2*2m/1m 

constructive 

elements and 

openings are 

represented 

Building installations - - - 
representative 

exterior effects 
real object form 

Roof form/structure no flat 
roof type and 

orientation 
real object form real object form 

Roof overhanging parts - - n.a. n.a. Yes 

CityFurniture - important objects prototypes real object form real object form 

SolitaryVegetationObje

ct 
- important objects 

prototypes, 

higher 6m 

prototypes, higher 

2m 

prototypes, real 

object form 

PlantCover - >50*50m >5*5m < LOD2 <LOD2 

 

five LODs are based on precisely in what way specific 

model required in different applications (Figure 9). 

Based on these LODs, LOD1 and LOD2 appear related 

to the scale model by less than 2km resolution in urban 

air pollution dispersion model. LOD1 is the well-known 

blocks model comprising prismatic buildings with flat 

roofs. Meanwhile, a building in LOD2 has differentiated 

roof structures and thematically differentiated surfaces. 

The generalizations of spatial objects for each LOD are 

described in Table 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Pollution warning line [32]. 

 

CityGML consists of modules for different city objects 

(Figure 10). Among those modules are Building module, 

CityFurniture  module  and  Transportation  module 

whereby those modules is important as a physical data 

input for urban air pollution dispersion modeling (Table 

4). Meanwhile other modules such as the TexturedSur-

face module will enhance the 3D visualization for per-

ceiving the dispersion process and create a more realistic 

urban environment for visual analysis. 

 

 

 

 

 

 

 

 

 

 

Figure 9. The five levels of detail (LOD) defined by 

CityGML [35]. 

 

 

 

 

 

 

 

 

 

Figure 10. UML package diagram illustrating the separate 

modules of CityGML and their schema dependencies [36]. 
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Table 4. Overview of CityGML’s core and thematic extension modules. 

Module Building CityFurniture Transportation 

XML Namespace Identifier http://www.opengis.net/cit

ygml/building/1.0 

http://www.opengis.net/citygml/

cityfurniture/1.0 

http://www.opengis.net/citygml

/transportation/1.0 

XML Schema File building.xsd cityFurniture.xsd Transportation.xsd 

Recommended Namespace 

Prefix 
bldg frn tran 

Module Description Representation of thematic 

and spatial aspects of 

buildings, building parts, 

building installations, and 

interior building structures 

in four levels of detail 

(LOD 1 – 4). 

Represent city furniture objects 

in cities. City furniture objects 

are immovable objects like lan-

terns, traffic signs, advertising 

columns, benches, or bus stops 

that can be found in traffic areas, 

residential areas, on squares, or 

in built-up areas. 

Represent the transportation 

features within a city, for ex-

ample roads, tracks, railways, 

or squares. Transportation fea-

tures may be represented as a 

linear network or by geometri-

cally describing their 3D sur-

faces. 

 

From the discussion, it shows that by having a 3D spa-

tial city model like CityGML, there are potentials in in-

corporating it with air quality monitoring. With the 

available sources, format, standard, and modules in 

CityGML, it will provide a reliable platform for air qual-

ity monitoring in the 3D spatial city model. In the next 

section, the discussion is based on the details of air pol-

lution dispersion model in urban areas. Moreover, in 

detail explanation about the specific model for air quality 

monitoring in urban areas called Operational Street Pol-

lution Model (OSPM) which is practical for urban ge-

ometries. 

4. Air Pollution Dispersion Models (APDM) 
in 3D Spatial City Model 

In urban area, major pollution source is contributed by 

vehicle (land transportation) emission. According to the 

compendium of environment statistics Malaysia 2012 by 

Department of Environment Malaysia, motor vehicle 

sources emit 69.4 percent of pollutants to the atmos-

phere, followed by stationary sources emit 27.3 percent 

and other sources emit 3.3 percent in the year 2011. This 

fact is supported by other researchers [11, 37] in identi-

fying the major source of air pollution in major cities. 

This moving emission source will create a line of emis-

sion along the roadway. Therefore this emission source 

can be categorized as a link-based emission source. 

A link-based of CO emission from land transportation 

will disperse along the roadway between buildings inside 

the street geometry. By using parameters required, dis-

persion models can calculate and map the dispersion 

movements inside the street geometry. Among dispersion 

models such as the Statistical Models, Eulerian Models, 

Street Canyon Models (SCM), Box Models and Gaussian 

Models, SCM can be seen as the fit model to be imple-

mented in the 3D spatial city model [34]. Parameters in 

SCM deliberated most of the major dispersion factors 

such as street geometries, building geometries, vehicle 

speed, pollutant emission and background contribution. 

Therefore a practical Street Canyon Models called Oper-

ational Street Pollution Model (OSPM) will be discussed 

in the next section as one of the suitable models to im-

plement in the 3D spatial city model. 

4.1. The Operational Street Pollution Model 
(OSPM) 

The Operational Street Pollution Model (OSPM) is a 

consequent of STREET model. The General concept of 

OSPM: vehicle emission or exhaust gases are calculated 

using the plume model (for direct contribution), box 

model (for recirculating pollutant) and background pol-

lutant information. Figure 11 shows the structure model 

for OSPM. An assumption in OSPM is that both the traf-

fic and emissions are equally distributed across the street 

canyon. Next, the cross wind circulation is omitted. Only 

the wind direction at the street level is assumed to be 

mirror reflected with the roof level wind. Moreover, the 

extension of the recirculation zone will identify the 

length of the integration path. 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Operational Street Pollution Model Structure. 
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Considering the detail OSPM concept as shown in 

Figure 12, the main parameters are roof level wind, 

background pollution, recirculating air, direct plume, 

leeward and windward information. The length of the 

vortex, calculated along the wind direction, is twice the 

upwind building height. For roof-level wind speeds be-

low 2 m/s, the length of the vortex decreases linearly 

with the wind speed. The buildings along the street may 

have different heights, affecting the length of the vortex 

and the modeled concentrations. The upwind receptor 

(lee-side) receives contributions from the traffic emis-

sions within the area occupied by the vortex (the recir-

culation zone), the recirculated pollution and a portion of 

the emissions from outside of the vortex area. The 

downwind receptor (wind-side) receives contributions 

from the recirculated pollution and the traffic emissions 

from outside of the recirculation zone only. As the wind 

speed approaches zero or is parallel with the street, con-

centrations on the both sides of the street became equal. 

The vertical dispersion is modeled assuming a linear 

growth of the plume with the distance from the source. 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Operational Street Pollution Model illustration 

concept (http://www.dmu.dk/en/air/models/ospm/). 

4.2. OSPM in Urban 3D Spatial City Model 
Application 

Pollution concentration in OSPM is contributed by three 

major aspects. It is the Direct Contribution (Cd), Recir-

culation Components (Cr) and Background Concentra-

tion (Cb). Pollutant Concentration (Cp) can be calculated 

by adding Cd + Cr + Cb. 

Cd is caused by vehicle / land transportation emission 

through wind direction to receptor. Concentration from 

each vehicle that moves will form a line of emission 

along the street. The concentration can be calculated us-

ing Equation (1). 

 

                 (1) 

 

Where, Cd = Concentration contribution from the 

source; Q = Emission source; W = Street width; σw = 

Vertical turbulence speed; ho = Initial dispersion height; 

Ub = Street level wind speed 

Where σw and σwo can be calculated using Equation (2) 

and Equation (3). 

                 (2) 

 

                 (3) 

 

 

Where, σwo = Traffic turbulence speed; Vc = Vehicle 

speed (passenger car), Vh = Vehicle speed (heavy vehi-

cles); Nc = Number of passenger car, Nh = Number of 

heavy vehicles; Sc = Horizontal area occupied (passenger 

car), Sh = Horizontal area occupied (heavy vehicles); b = 

Aerodynamic coefficient drags (0.3) 

Another important calculation in OSPM is street level 

wind speed (ub) that can be calculated using Equation 

(4). 

 

                 (4) 

 

Where, ut = Wind speed (roof); ho = Vehicle initial 

dispersion; H = Average building height (leeward and 

windward); p = Leeward Height / H; zo = Roughness 

length 

For Recirculation Components (Cr) it requires street 

geometry information for calculation.  Figure 13 illus-

trates the calculation for Cr. 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. Recirculation Components. 

 

Where Inflow = Outflow (Upper) + Outflow (Side), 

Outflow (Upper) = Cr * σwt * 0.5L and Outflow (Side) = 

Cr * ud * Ls. 

5. Unified Data Model of Urban Air 
Dispersion Models in 3D Spatial City Models 

Urban air pollution dispersion models involves with me-

teorological and physical data. According to Vardou-
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lakis, Fisher, Pericleous, and Gonzalez-Flesca [15] five 

major parameters involved in most dispersion models are 

presented in Table 5. 

 
Table 5. Major data inputs of air dispersion models. 

PARAMETERS CATEGORIES 2D 3D 

Meteorological 

Information 

Wind Flow  / 

Wind Vector  / 

Windward  / 

Leeward  / 

Synoptic wind flows  / 

Local wind flow  / 

Receptor  / 

Traffic Volumes /  

Emission Factors Point-based / / 

Link-based / / 

Area-based / / 

Volume-based  / 

Physical (Spatial) Canyon Geometry 

• Short canyons 

• Medium can-

yons 

• Long canyons 

 / 

Building Geometry  / 

Aspect Ratio (H)  / 

Ventilation  / 

Building gap  / 

 

Based on Table 5, those models require more infor-

mation in three dimensional (3D) forms whereby the 

spatial information is retrievable from a 3D spatial city 

model. This could provide precise and effective urban air 

quality models for future planning. On the other hand, 

although it is retrievable from a 3D spatial city model but 

it is not a straightforward task. The framework of the 3D 

spatial city model is intended for general application 

purposes (e.g. 3D data transfer, web-enabled) and is still 

in a construction phase for specific application imple-

mentation. Based on previous work, air pollution data 

visualization in 3D is complex [33]. 

Therefore this research proposed an integrated data 

model between air pollution dispersion model with a 3D 

spatial city model in an effort to bridge the gap concern-

ing both fields. The 3D spatial city model encompasses 

geometrical information which is useful in air pollution 

dispersion model. Furthermore 3D spatial city model 

offers 3D visualization which will improve insight in 

understanding the dispersion process based on parame-

ters included. Hence, its implementation will give a bet-

ter perception of the air pollution in reality. This is ad-

vantageous for decision makers and town planners in 

order to understand urban ecology in major cities to-

wards sustainable urban development. Many researchers 

are in the direction towards 3D visualization in air pollu-

tion models [32, 38, 39] regarding to the advantages of 

better visual analysis. 

Figure 14 shows a Unified Modeling Language 

(UML) for the data model. UML is a standardized gen-

eral-purpose modeling language in the field of ob-

ject-oriented software engineering. It shows the attributes 

of CityGML in conjunction with OSPM parameters for 

the amalgamation. 

One of the advantages of implementing OSPM in the 

3D spatial city model is the 3D visualization. For in-

stance, recirculation zone (as discussed in the previous 

section) is one of the important criteria in OSPM. The 

calculation involved (section 4.1) gives a numerical out-

put for the recirculation zone length. Unfortunately, nu-

merical value is hard to perceive for visual analysis. 

Moreover, the different roof wind speed will give differ-

ent values and can affect the canyon geometry. Figure 

15 shows the integration of calculating the recirculation 

zone in 3D spatial city model visualization with 3 dif-

ferent values for roof wind speed. By taking the roof 

wind speed data, the affected area in the recirculation 

zone can be calculated, viewed in 3D and analyzed for 

future references. 

 

 

 

 

 

 

 

 

Figure 15. Recirculation zone in the 3D spatial city model 

with different roof wind speed: (A) 1.0 mph, (B) 1.5 mph 

and (C) 2.0 mph. 

6. Summary 

Air quality monitoring in urban areas is a crucial factor 

in order for Malaysia to achieve sustainable development 

growth. This research has been motivated by other re-

searchers that studied the relationship, possibilities and 

advantages of using a 3D spatial city model for air qual-

ity monitoring [33, 34, 38, 39]. This paper explains the 

advantages of using a 3D spatial city model in the urban 

air quality model (dispersion model) in the aspect of 

model scaling, data acquiring, 3D visualization and visu-

al analysis. Acquiring information about pollutant dis-

persion in urban areas requires a scale model of less than  
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Figure 14. The Unified Modelling Language (UML) for air dispersion model with 3D spatial city model integration. 

 

2km resolution. As discussed in section 2, to set up mon-

itoring stations for each city is not practical. Therefore 

for meso-scale or micro-scale model, performing urban 

air pollution dispersion model is relevant to the 3D spa-

tial city model as a new way of data input. Data acquir-

ing for air pollution dispersion model is at ease by hav-

ing a unified data model for integrating urban air pollu-

tion model with a 3D spatial city model proposed in this 

research. Visualization in 3D will improve the visual 

analysis for understanding the behavior of air pollutant 

dispersion. The future idea is to implement the developed 

unified data model in the aspects of geometrical and top-

ological data structure. By having a 3D topological data 

structure, information regarding different layers of air 

pollution concentrations can be straightforwardly identi-

fied and analyzed. 
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