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Introduction

Kuala Lumpur

Dataran Merdeka Chow Kit Road Jalan Sultan Ismail
1970’s

2017’s 2017’s

Source: https://says.com/my



Urban Atmosphere

Urban plume

Washout and rainout &
leading to wet deposition

Acid rain damages aquatic
and terrestrial ecosystems

Leaf damage reduces growth
> of forests and croplands
Pollutants adversely impact
health of urban populations

Particles and greenhouse gases change
radiative transfer, visibility and climate

Pollutants corrode materials, damage
buildings and infrastructure

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.

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

Air Quality Models

« AiIr 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

* Meteorology AIRM%%A;_ITY mmmmmd Air Pollutant Concentration

* Model Input Parameters

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:/mww.cerc.co.uk/environmental-software/ADMS-Urban-model.html
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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




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
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



ADMS-Urban

Getting started

¥
Input data

. 4
Model setup

Analvs

Data source: DBKL, OpenStreetMap & Contributors

Model Set Up

Domain : Kuala Lumpur

Year : 2014
ADMS-Urban
AIr pollutants :

Methodology

Model : Version 4.1.1
NO,, NO,, PMy,, O; & SO,
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_ Methodology
Preparation on Input Data

ADMS-Urban o e
0 Name of project |
Coordinate system IUnspecified regular Cartesian ZI
Getting started ‘Model options  Palette
[~ Dry deposition IPoIIutants EJ Data...
I [~ Wet deposition '
npUt data [~ Odours ~ Odour umlsrl Iou_c— vl
A 4 [T Chemistry Enter parameter I
Model setup [~ Buildings Enter parameter :
[~ Complex terrain Enter parameter
¥ |
A 4
Analyse output
~ Additional input file 1
r | sowe. | _Est_|

' Enter the site name of other title (printed in output files) Min: | Max: |




_ Methodology
Preparation on Input Data

Fertilizer —

Ol &.Gas 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 55.79 17.84 22.18 3.04 28.20

2 Cheras 0.82 49.13 20.59 2i1-55 2:12 34.33

— 3 Petaling Jaya 1.28 60.52 28.08 15.06 4.71 65.91
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

3 Banting 0.62 60.11 13.24 23.15 3.25 21.25

2°S00NRE e 7 Putrajaya 0.61 46.71 14.39 22.52 2:51 21.53
8 Nilai 0.62 63.93 15.07 15.61 6.11 25.18

! I ? Tanjung Malim 0.45 40.76 7.97 19.54 1.14 13.11
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Methodology

£ ADMS-Urban Mapper
File Edit Help
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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

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

T
101°36F




Modelled (pg/m?3)

Modelled (pg/m?3)

o _ Methodology
Model Verification

Annual averages (2014-16) Statistics for hourly predictions
80 -~ 60 - * 2014

N TNV St R - | voor | = |nwse| R
___________ NEACH T X ---Background 2014 0.01 0.38 0.62
a0 [T 3 30 : 2015 -0.05 0.31 0.76
% 20 fF======Ff==============: 2016 023 025 055
20 = 10 - 2014 0.00 0.27 0.52
. S o 2015 -0.05 0.29 0.45
0 20 40 60 80 0O 10 20 30 40 50 60 2016 0.03 0.29 0.46
Observed (e/m’) Observed (ue/m’) 2014 -0.03 0.39 0.62
2015 0.05 0.35 0.61
60 - 20 - 2016 0.05 0.39 0.56
o Og _ SO, 2014 -0.12 0.62 0.81
< s - © 2015 -0.24 0.70 0.80
20 e 210 o 2016 -0.24 0.70 0.79
20 | 3 © X 2014 -0.05 124 0.21
o | § 5 Lo -l SOZ 2015 020 178 015
o ) S 2016 0.00 1.15 0.18

O 10 20 30 40 50 60 0 5 10 15 20 Fb = Fractional bias,

Observed (ug/m?3) Observed (pug/m3)

NMSE = normalised mean square error,
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) | S$Er;eft&

o _ STEP 2
* Model Verification until good

- Model Evaluation Toolkit SISl




Methodology
Model Verification

e

* Model Application
Apply model:

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

mitigation




« Daily PM10 concentrations

Results & Discussion

Air Quality Maps
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Daily NO2 concentrations
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Results & Discussion

Alr 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



SCENARIO HAZE IN KUALA LUMPUR
Haze (2015) & Non-Haze Year (2016)
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Summary

« Model predictions of air quality pollutants compare
generally well with measurements, particularly for ... = & i
PMip, Oz NOy & NO, (R=0.62,0.52,0.62 & 0.81 |~ | GansV SOV A

respectively).

Maximum 8hr O3
pg/m3
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« 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
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