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Introduction

Kuala Lumpur
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Urban Atmosphere

Washout and rainout <&

Acid rain damages aquatic
and terrestrial ecosystems

Pollutants adversely impa ;
health of urban populations

Background air

Figure : The ‘life cycle’ of air pollutants in the urban plume, with relevant processes regulating air pollutant

concentrations in black and impacts of pollutants in grey italics.

Urban plume

Pollutants corrode materials, damage
buildings and infrastructure

Leaf damage reduces growth
of forests and croplands

Particles and greenhouse gases change
radiative transfer, visibility and climate

Source: Oke et al., 2017

Introduction

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
iIs a challenge that requires numerical
model that incorporate the appropriate
meteorological and chemical processes
in the urban atmosphere.



Introduction

Ailr 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

* Emissions AIR QUALITY
» Meteorology MODEL
* Model Input Parameters

smmmme Air Pollutant Concentration

Source: Zanetti & Daly, 2007



Introduction

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, L,,,
& boundary layer height, h

Simpler terms: L,,, = - u->
B

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

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

 Model Set Up
- ADMS-Urban Repeat
STEP 1 &
o _ > STEP 2
* Model Verification until good

agreement

- Model Evaluation Toolkit

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



Methodology

 Model Set Up
- ADMS-Urban (Kuala Lumpur) Repeat
STEP1 &
o _ > STEP 2
 Model Verification until good

agreement

- Model Evaluation Toolkit

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



ADMS-Urban

Getting started

A 4
Input data

$
Model setup

¥

Analyse output

Data source: DBKL, OpenStreetMap & Contributors

Model Set Up

Domain : Kuala Lumpur
Year : 2014

Methodology

ADMS-Urban Model : Version 4.1.1
Air pollutants : NO,, NO,, PM,,, O; & SO,
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. Methodology
Preparation on Input Data

ADMS-Urban == —
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_ Methodology
Preparation on Input Data

Fertilizer _—

Y ) RSB Industry, Power Plants, Sewage Treatment

Credit: nps.gov



Methodology
Preparation on Input Data : Traffic
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Methodology

Preparation on Input Data : Industrial
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_ Methodology
Preparation on Input Data

Annual average for 2014
1 Batu Muda 0.78 5599 17.84 224118 3.04 28.20
2 Cheras 0.82 49.13 20.59 21-55 2312 34.33
— :0 3 Petaling Jaya 1.28 60.52 28.08 15.06 4.71 65.91
o 4 Klang 1.07 71.65 20.82 17.50 3.45 35.95
5 Shah Alam 0.82 55.01 24.12 19.61 2.74 40.48
6 Banting 0.62 60.11 13.24 23.15 3.25 21.25
2°500"NT §¢ . 7 Putrajaya 0.61 46.71 14.39 22 52 2:51 21.53
O e e SOU rces 8 Nilai 0.62 63.93 15.07 15.61 6.11 25.18
! I 1:?:“ .:: i 9 Tanjung Malim 0.45 40.76 7.97 19.54 1.14 13.11
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File Edit Help

Methodology
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Methodology

 How do we know the model gives the correct values?
- Compare the model predictions to reference measurements

 Model Set Up
- ADMS-Urban (Kuala Lumpur) Repeat
STEP 1 &
- _ > STEP 2
* Model Verification until good

agreement

- Model Evaluation Toolkit

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



Methodology
Model Verification

Test runs

Model verification I:> Model and data
runs <::| adjustments

« Data adjustment are sometimes
used to get modelled

@ concentrations to fit
measured data

Future runs




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

Legend
@® Sampling stations
- Major Road
Minor Road

I
101°36F
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Fb = Fractional bias,
NMSE = normalised mean square errotr,

R = correlation



Methodology

 How do we know the model gives the correct values?
- Compare the model predictions to reference measurements

\

 Model Set Up

- ADMS-Urban (Kuala Lumpur) SFT%Eréeft&

STEP 2

* Model Verification until good
- Model Evaluation Toolkit AYIEEMET




Methodology
Model Verification

Test runs

* Model Application
Apply model:

Model verification I:> Model and data
runs <:| adjustments
@ v' Maps of current air quality
v Forecasting (measurement data
Euture runs assimilgtion optiopal) | |
v ‘What if?’ scenario testing for pollution

mitigation




Results & Discussion

Alr Quality Maps

« Daily PM1o concentrations
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Daily NO2 concentrations

|
\Batu Caves.

b’ Gombaky
Yy
h Utaro 4 Jink S Dr:sa Me'awati
ri Aman Heights 2
| S Hulu Kelang
b _Kepon \ \
} B / | A gse Maju
—
Damansara ‘. g Sk - i i
% yDamai o
#
< Nl D e S Fukit Antarabangsa
Bukit'lanjan ] i -t >
108 | 3 ) ¥
Pamansara x r')él 7 atuk
p 116
k —»7/ A
Mutiara Damangira P 4 \ 7
e }
ot ol N 3psard’ o '3
1 L\ | 7 De ndan
Dmn’:g{z;um Darna‘ns@ N 4 4 ityair 3 aman Cempaka
(v : o NP v
Damansarg® "===Utamal . 3 ; i
106 % Ampang Jaya
1107 s (’ )/ i - :
I < A— ,\,,.‘ // W Perdana Bukit Sungai
{ - 229 \ X r
P, { : ), Y Putih Forest
y ‘: Kelana jaya = Petaling Jaya Reserve
? 226 / x
1 256 [ Bukit Gas Y { J \
e Su.nqeu Way PJ Old Town > = /’ < R Cheras
ez | Y Petahngjaya ¥ #amas
e Selatan / ? \\
Kinrorags 4
4 Bandar Sunway 555 .. 2 B peak N\
= T —— T Bukit \
hng Jaya LIVIA o aBrnk g
andar n
w I 4 I’ T H Ou ;
g Bandar Puchong 1 Uogesy nn/ Bandar
aya
i | ©0 flanayeoibi c-BY—éKr
| r, ! Seri Kembanaan ! A s e

Results & Discussion

Air Quality Maps

Daily O3 concentrations
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SCENARIO ROAD CLOSURE IN KUALA LUMPUR
Tunku Abdul Rahman Road

Before road closure After road closure
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Daily average concentrations of NO2 (ug/m3) before and after Tunku Abdul Rahman road closure
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SCENARIO HAZE IN KUALA LUMPUR
Haze (2015) & Non-Haze Year (2016)

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

« Model predictions of air quality pollutants compare
generally well with measurements, particularly for
PM,,, O; NOy & NO, (R=0.62,0.52,0.62 & 0.81

respectively).

Maximum 8hr O3
Hg/m3

T

« The emissions inventory has some limitations.

@
@

v B
a8 =
8

 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
guality 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
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