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What is air pollution?

Pollutants in the air that interferes with human health, welfare
or produces other harmful environmental effects

NOX

PM; 5

Source: BBC News



What are Interventions for Air Pollution?

Intentional and unintentional actions or strategies that reduce air pollution.

Policy Technology Behaviour changes

| Charges apply

Pay online




Complex Task: COVID-19 impacts on NO,

300+

2001

100

‘,
M

Large Observed
Changes

m*'{

Reduction
Emission (

Favourable

il

Backgroy
(treng

Average daily NO, readings
in
lockdown) 40ugm?

2019

Ind Decline 20 ugim* {
\

I
|
|
|
10 pghm® -~ — — 2020
First day of UK :
lockdown [
|

0 ug/m?
17-Mar 24-Mar

Jan

Abr

Jul

NO, (ug m=) at Marylebone Road (2020)

Mg/m? = micrograms per cubic metre

Source: Defra



* Solution: Weather impacts

Training data set: subset a data set randomly —~ 300 I
Input variable: temporal and MET variables ? o Ob fi
BN .| Subsetdata T | S : Seryatons
ot i “g - - S | g ' ___ Weather-normalised
S 3IE - Bk g | — ! Value
E (1% tree @Dtree - (htree o S 500, |
E l /K /N s | = | I
g /N S | :
= ('/ N () l'/ \.) () ( T O-( D) ( -\J ¢ )-=( -\)' ": E 8 I‘ :
E o O T - & - W § b :
| MLA O LMAL A : w5 -
3 N O AN N N M O\ O\ = («b] !
w L w L VLV W oW O QL O @& - !
= A A — N - -~ > !
=10 | ' 2 < 100
- 3 — Prediction %
= . o
Testing data set Model <)
| validation : C '
e— . —— S S |
! l 3 !
' | Random MET data Weather normalization | ‘ '
| J[ ; Jan Apr Jul
Weather-nomalized Marylebone Road (2020)
levels of pollutants :
[

“Weather Normalisation” using machine learning (Grange and Carslaw, 2018; 2019)



* Solution: Trend impacts

“Detrending” using Augmented Synthetic Control Method (Abadie et al, 2010):
what the pollutant would have been if the policy had not been implemented?
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* No Interference: The
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does not affect the outcomes
of other cities.
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Example: The Impact of Chinese Environmental
Inspection on PM,, in Hebei.



AQPET (all-in-one)

Prepare working environment
library(aqpet); load_envir()

{ i l

Define global parameters Define her normalisation par J Define synthetic control p S 4
WP <- setWeNorm() J SCP <- selSCP() J a a re a ra l O n
]

GP <- setGP()

) 4
Input data Data inputs
csv or xisx files will read_data(GP); read_rds()
be read as a data
list (list) v —

Configure hi lisation parameters
( WP <- setWeNorm() J =
e

Build Auto-ML v

autoMod()
_ Time trend visualisation e m O v e e a e r
time_trend() o
Weather Normalisation v
wenorm()
[ Auto-ML and Weather normalisation Model evaluation metrics] I m p a ct S

buildMod(list, WP) mod_stats()
—
l Model explainability
Control units selection mod_explain() _
control_select(data, SCP)

Remove the unit

Data imputation
missing_treat()

ithin control units
show_missing()
No
[sy"‘Zfé?miZZ?Z"s*‘c“pi"s“ Pi
Data analysis . . . . .
asc ona) Citation: Dai, Y., Liu, B., Tong, C. and Shi, Z., 2024. Aqpet—

Cena D Policy effects An R package for air quality policy evaluation.
Environmental Modelling & Software, 177, p.106052.

Remove “Trend”
~ Impacts




Overview of input data

Data Template (time series)

datetime meteorology emission proxy

datetime weekday hour month

01/01/2017 00:00 7.00 . 194.71
01/01/2017 01:00 7.00 . 359.60
01/01/2017 02:00 7.00 . 304.88
01/01/2017 03:00 7.00 . 269.80
01/01/2017 04:00 7.00 . 249.06
01/01/2017 05:00 7.00 . 222.49
01/01/2017 06:00 7.00 . 158.26
01/01/2017 07:00 /.00 . 182.80

01/01/2017 08:00 7.00 . 299.69

01/01/2017 09:00 7.00 . 345.41
01/01/2017 10:00 7.00 . 312.85

Daily (or finer) data to build the modelis recommended pollutant



Operating Requirement

e Compatible with Win/Mac For Non-Coders

hpc//127.0.0.1:5231

% Publish «

Global Parameters Panel —

. Dpen in Browser

e R(>=4.3.3) + Rstudio AGPET

£ Data Input

& Data
. 1 1 Data Directory:
[ -
httDS'//glthu b'Com/ClnaIr ascm/aqpet/ O Model E:/MyCode/Scripts_final/script/R/BackUp/New folder/
= WeNorm Output File Pattern: Datetime Format:
*.csv %d/%m/%Y %H:%M
. ; ; 3= Synthetic Control Methods )
# |n5ta[[.packages( pak") _ Dependent Variable: Treatment ID:
. BB Model Evaluation NO2
library(pak) - .

. . . . Reading Time Period:
pak::pak(‘clnair-ascm/aqgpet’) 2018-01-01 o 2020-12-31
library(aqpet) _ . L

: Intervention Start Time: Intervention Elimination Time:
load_envir()
WeNorm Method: SCM Option:
# gfortran must be installed for 'bcp' package on macQOS: Default + MLSCM -
brew install gcc
L
mkdir -p ~/.R

nano ~/.R/Makevars

Wenorm Control Panel +
WCP2 + [ A-SCM Control Pandt PjL*SICM Control 4
ane

-


https://github.com/clnair-ascm/aqpet/
https://www.ministryoftesting.com/courses/coding-for-non-coders-jim-holmes

AQPET APP

e View Data e Build ML model e Results Visualisation

5h°‘"‘ 10 ~ |entries Select Sites: Time Resolution (Day):
i 2 Al 2 Belf: 2 Birmingham Acock i i Marylebone_no2 - 1
datetime no2_Aberdeen no2_Belfast no2_Birmingham_Acocks_Green Response & Predictor Variables
2018-08- . a -
10 836 28.58 757 RESPOFISE Variable Time trends of no2_wn at Marylebone_noZ2 i
08:00:00 .
no2 Variable
2018-08- — N02
2 01 14.26 23.9 7.48 ) . 120 = N02Z_wn
09:00:00 Predictor Variables (comma separated): -
S
2018-08- trend, month, day, dow, doy, hour, wd, ws, sp, RH, tcc, ssr, blh g
3 01 12.55 28.22 6.35 S 80
10:00:00 §
Excluded Variable for wenorm o
2018-08-
oo 838 3558 S41 trend, month, day, dow, doy, hour 401
11-NN-Nn
Oct 2018 Jan 2019 Apr 2019
. . ‘ Data loaded
Madel Configuration Datetime
sticeessfiilht )
P Seed
| et e Time Resolition (Dm): 123 SCM Output Plot (Value and Percentage) =
all - 1
Time trends of no2 at different sites Select Sites:

Maximum Number of Models
10

150.

df_no2_wn_Marylebgne

Concentration

Q
Select Algorithm Intervention Effect Plot (Value)

gbm

0ct 2018 Jan 2019 Apr 2019 Jul 2019
Datetime

[ Enable data split by time

Data Handling
Select Algorithm for Missing Data

Concentration

m

Aug Sep Oct Nov Dec




Reference (additional resources)

Grange, S.K. et al., 2018. Random forest meteorological normalisation models for Swiss PM 10
trend analysis. ACP.

Vu, T.V,, et al., Assessing the impact of clean air action on air quality trends in Beijing using a
machine learning technique. ACP.
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models. PA.

https://docs.h20.ai/h20/latest-stable/h20-docs/automl.html.
Python Version: https://normet.readthedocs.io/

Example of application

Song, C. et al., 2023. Attribution of air quality benefits to clean winter heating policies in China:
combining machine learning with causal inference. EST.

Cole, M.A. et al., 2020. The impact of the Wuhan Covid-19 lockdown on air pollution and health: a
machine learning and augmented synthetic control approach. ERE.

Liu, B., et al.,, 2023. Assessing the impacts of Birmingham’s clean air zone on air quality:
estimates from a machine learning and synthetic control approach. ERE. WM'NET ZERO
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https://docs.h2o.ai/h2o/latest-stable/h2o-docs/automl.html
https://normet.readthedocs.io/
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Robustness and Diagnostic Checks

Difference in PM2.5wn

1. In-time placebo tests (Backdating) 2. In-place placebo tests
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