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Kuala Lumpur
Introduction
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Urban Atmosphere

Introduction

Source: Oke et al., 2017

▪ Proper understanding & management

of air pollution in urban environment

requires complete understanding of the

‘life cycle’ of air pollutant at the scale

of interest.

▪ Air pollutants consist of primary and

secondary pollutants.

▪ Disentangling the pathway from
primary sources to secondary pollutants

is a challenge that requires numerical

model that incorporate the appropriate

meteorological and chemical processes

in the urban atmosphere.



Air Quality Models

• Air Quality Models are mathematical formulations that include 

parameters that affect pollutant concentrations

• Air pollution modeling is a numerical tool used to describe the 

causal relationship between emissions, meteorology, 

atmospheric concentrations, deposition, and other factors.

• System approach to air quality model

Introduction

AIR QUALITY 

MODEL

• Emissions

• Meteorology

• Model Input Parameters

Air Pollutant Concentration

Source: Zanetti & Daly, 2007



ADMS-Urban
• ability to describe in detail what happens on a range of scales: the

street scale to the city-wide scale.

• relevant emission sources: traffic, industrial, commercial,

domestic and other less well-defined sources.

• modern approach : parameters are Monin-Obukhov Length, LMO

& boundary layer height, h

• Simpler terms: LMO = - u*
3 

B
where, u* is the friction velocity at the Earth’s surface

B is the ‘buoyancy’

Introduction

Source: https://www.cerc.co.uk/environmental-software/ADMS-Urban-model.html



to model the level of 
air quality by using 
ADMS-Urban in 
Kuala Lumpur

to assess local 
emission from 
different emission 
sources for 
modelling air quality 
in Kuala Lumpur

Objectives



Methodology

STEP 1

• Model Set Up                     
- ADMS-Urban

STEP 2

• Model Verification             
- Model Evaluation Toolkit

STEP 3

• Model Application                
- Air Quality Map                            
- Forecasting                                  
- ‘What if ?’ scenario testing for   
pollution mitigation

Repeat 

STEP 1 & 

STEP 2 

until good 

agreement
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Model Set Up
Methodology

• Domain : Kuala Lumpur 

• Year : 2014

• ADMS-Urban Model : Version 4.1.1

• Air pollutants : NOx, NO2, PM10, O3 & SO2

Data source: DBKL, OpenStreetMap & Contributors
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Preparation on Input Data
Methodology



Preparation on Input Data : Traffic
Methodology

Major and Minor Roads Gridded Roads (1km x 1km) for NOx emissions 



Preparation on Input Data : Industrial 

Methodology

Large industrial source locations indicating the 

relative PM10 emission rate 
© OpenStreetMap and contributors 

Small industrial source locations indicating the 

relative NOx emission rate 
© OpenStreetMap and contributors 



Preparation on Input Data
Methodology

ADMS-UrbanMeteorology Background

Sources

Traffic Industrial



Preparation on Input Data

DOE : Department of Environment

ITIS, DBKL : Integrated Transport Information System, Dewan Bandaraya Kuala Lumpur

RTVM : Road Traffic Volume Malaysia, Highway Planning Division, Ministry of Works Malaysia

MMD : Malaysian Meteorology Department

Input Data

Sources

Meteorology BackgroundIndustrial Traffic

Data source DOE
ITIS, DBKL & 

RTVM 
MMD DOE

Location Kuala Lumpur Subang
Tanjung Malim & 

Banting

Format file .spt, .eit, .vgt .met .bgd

Methodology



Methodology

STEP 1

• Model Set Up                     
- ADMS-Urban (Kuala Lumpur)

STEP 2
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- Model Evaluation Toolkit

STEP 3

• Model Application                
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Repeat 
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• How do we know the model gives the correct values?

- Compare the model predictions to reference measurements 



Model Verification

Test runs

Model verification 

runs

Current contour runs

Future runs

Model and data 

adjustments

• Data adjustment are sometimes 

used to get modelled 

concentrations to fit      

measured data

Methodology



Model Verification

• is process of comparing 
calculated concentrations 
with measured data

• Verification method: 
• Model Evaluation Toolkit

• 2 stations in KL :
1. Cheras

2. Batu Muda

• 1 station near to KL:
1. Petaling Jaya

Methodology



Model Verification
Methodology
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Annual averages (2014-16)

Poll. Year Fb NMSE R

PM10

2014 0.01 0.38 0.62

2015 -0.05 0.31 0.76

2016 0.23 0.25 0.55

NO2

2014 0.00 0.27 0.52

2015 -0.05 0.29 0.45

2016 0.03 0.29 0.46

NOx

2014 -0.03 0.39 0.62

2015 0.05 0.35 0.61

2016 0.05 0.39 0.56

O3

2014 -0.12 0.62 0.81

2015 -0.24 0.70 0.80

2016 -0.24 0.70 0.79

SO2

2014 -0.05 1.24 0.21

2015 0.20 1.78 0.15

2016 0.00 1.15 0.18

Statistics for hourly predictions
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Background

Fb = Fractional bias, 

NMSE = normalised mean square error, 

R = correlation
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Model Verification

Test runs

Model verification 

runs

Current contour runs

Future runs

Model and data 

adjustments

• Model Application
Apply model:

✓ Maps of current air quality
✓ Forecasting (measurement data 

assimilation optional)

✓ ‘What if?’ scenario testing for pollution 

mitigation

Methodology



Air Quality Maps

• Daily PM10 concentrations 

FORECASTING APPLICATIONS

• March 2014 PM10 concentrations 

© OpenStreetMap (and) contributors, CC-

BY-SA

Legend
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POLICY APPLICATIONS

Results & Discussion



Air Quality Maps

• Daily NO2 concentrations • Daily O3 concentrations 

Results & Discussion



Before road closure After road closure

Daily average concentrations of NO2 (ug/m3) before and after Tunku Abdul Rahman road closure

Tunku Abdul Rahman Road

SCENARIO ROAD CLOSURE IN KUALA LUMPUR

Tunku Abdul Rahman Road



SCENARIO HAZE IN KUALA LUMPUR

Haze (2015) & Non-Haze Year (2016)

Haze year (2015) Non-Haze year (2016) 

Daily average concentrations of PM10 (µg/m3) for haze and non-haze year

PM10(µg/m3) PM10(µg/m3)



Summary

• Model predictions of air quality pollutants compare

generally well with measurements, particularly for

PM10, O3, NOX & NO2 (R=0.62,0.52,0.62 & 0.81

respectively).

• The emissions inventory has some limitations.

• Improvement of emission inventory will lead to

better model prediction.



Summary

• Current model setup will be ready for provision of 
detailed street-level air quality forecasts –
improving resilience to atmospheric hazards in Kuala 
Lumpur 

• Future application:

1. air quality and health impact assessments
of proposed developments or urban planning

2. air pollution exposure studies

3. developing and testing policy and action 
plans for air quality improvement such as 
Clean Air Zones or Low Emission Zones

4. assessment of modelled air quality against air 
quality standards and limit values including 
those from WHO, EU, UK, USA and China

5. investigation of air quality management 
options for the full range of source types
including transport sources



Thank you for your attention!


