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- Unprecedented change in transport activity caused by the March 2020
lockdown

- Potential for massive discrepancies in emissions compared with established
emissions inventories

- Vital that we try to understand the changesome effects could be lorg
lasting or even permanent (e.g. increased hewaking)

- Emissions inventories take time to collag&/e need to understand the
Impacts on emissions soonee.g. air quality forecasting

- Plusthis is a oncen-a-generation chance to analyse and understand the
effects of a stegchange in transport activity on this scale

- The work presented here focuses on London, through our work on the
Breathe London Pilot project
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What do air quality measuremenis London tell us?

Measured NO, in London: Network mean of the daily mean NO, concentration at LAQN and AQE sites
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What was the impact of the March 2020 restrictions?
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. Look closer at the initial lockdown

period

- Concentrations are high on the second

day of lockdown (25 March)

. Concentrations were lowafter the

restrictions began to be lifted from 10
May than when London was under the
most severe restrictions (24 March to 9
May)

- We need to tease apart the effects of

meteorology from the effects of the
f 201 R26y AGasSt ¥X
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BREATHE
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ADMSUrban: Atmospheric Dispersion Modelling Syste
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http://www.cerc.co.uk/ADMS-Urban

Understand the problem: Model gives air pollution levels everywhere, all the

Modelled air poIIutlon |rLondon iIN’2019 with aresolution of 10-metres
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Understand the problem: Model gives air pollution levels everywhere, all the

Modelled airpollutionirLondon in’2019 with a-resolution of 1.0-metres
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Inversion scheme: Cost function

Cost functionJminimisedusing a nomegative least squares solverdbtainx, a vector of

adjusted emissions.
Modelled concentration error Emissions error

A A
4 A \

J(x)=(Mx- y) R (Mx- y)+(x- € B*(x- e)

Quantity | Definition Dimensions
X Vector ofa posterioriemissions (result) n : : o
. . RunADMSUrbanwith unit emission rates to

M Transport matrix relating the source term | n by k : L

. mmmm) calculatethe normalisedcontribution from each

the observations
. source to each receptor

y Vector of observations k Estimated ; q
R Error covariance matrix for the observatio k by k —) N _Ima © measuremen_ error and efror €o

T variance between monitors or sensors
e Vector ofa prioriemissions n _ o _
B Error covariance matrix for the emissions n by n =) EStimatedemissions error and error ecariance

between sources

The background concentration each hour is treated as a source that contributes equally to every receptor
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CERC Inversion Scheme

The inversiorschemeuses monitoring data from a network ofonitors/sensordo adjustemissions taeduce error in the
model predictions:

A priori timevarying
emissiondata +
uncertainty

Revised
modelled
concentration at
each monitor
every hour

Meteorological
data

Modelled
ADMSUrban concentrationper
source at each monito

Inversion
scheme

Monitor location
and height data

Source (without chemistry) _ Minimises the cost Revised emissio
= Monitored function rate for each
characteristics concentrationdata + O 0 O source for every
(location, uncertainty subject to prescribed hour
dimensions, uncertainty info,
buoyancy, street where

A prioribackground
concentrations+
uncertainty

U is emissions error
U is modconcerror

canyonsetc)

Carruthers DJ, Stidworthy AL, Clarke D, Dicks KJ, Jones RL, Leslie I, Popoola OAM, Billingsley A and Seaton M, 28%8nUrban em
inventory optimisation using sensor data, an urban air quality model and inversion techniques. International Journainohétvir

CERC and Pollution, vol66, issue 4pp. 252266 HARMO21, Portugal, 2022



Inversion scheme inputs for London COYEONQ impact analysis

Analysis period: 1 January 20260 April 2021
CERC HARMOZ21, Portugal, 2022




Inversion schemeancertainties and errocovariances

Uncertainties

Errorcovariances

(as a percentage of uncertaint

wMeasurements:
wAQMeshl2 ug m?
WLAQN/AQE 4 pg

wEmissions (% of emission rate):
roads 100%, fuels 50%, other 20%

wBackground (% afong: 0.1% (i.e.
background unchanged)

CERC

wWAQMeshAQMeshand LAQN/AQE
LAQN/AQE : 5%

wZero error covariance between
AQMesh and LAQN/AQE

wRoadsRoads 40% (common
emission factors)

wkFuelsFuels 20% (commercial and
domestic oil and gas)

wOther-Other 20%
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Resultg; NQ ,concentrations

Comparison of observed and modelled NO, concentrations (mean of the daily mean)
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Resultg NQ concentrations; individual sites

Urban background reference monitor Impact of COVID restrictions

clear: model ovepredicts
because input emissions are not
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Resultg NQ concentrations; individual sites

Kerbside reference monitor
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Resultg NQ concentrations; individual sites
RoadsideAQMeshSensor
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Resultg NQ, concentrations, modelled vs measured

0 200 400 600 8001000

a priori

a posteriori

1000 —
800 —
600 —
400 —
200 —

AQMESH

value=0:66y]+23 R"=0.29
® ©

value=0.89[y]+0.6 R°=0.86

& L

Modelled (ug m?)

LAQN_AQE

value=0.97[y]+2.1 R“=0.99

CERC

| | [ I

I [ | | |

0 200 400 600 8001000

Observed (1g m?d)

1000
800
600
400
200

Counts
374548
167944
75304
33766
15140
6789
3044
1365
612
274
123
55
25
11
5

1

Inversion Scheme is designed to
adjust emissions to improve
modelled concentrations

- As expected, agreement with

observations greatly improved

Correlation close to 1 for
reference sites

- Agreement with reference

monitors better thanAQMesh
sensors, as expected due
AQMeshsensors having higher
Input measuremenuncertainty

Inversion Scheme is behaving as
expectedc what does it say about
emissions?
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Results; Changes in derived N@ad emissions

Percentage change in mean daily average measured concentrations and derived road emissions
Compared with average values over the period 1 Jan 2020 to 16 Mar 2020
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Results; Lowest NQroad emissions at weekends

Percentage change in mean daily average measured concentrations and derived road emissions
Compared with average values over the period 1 Jan 2020 to 16 Mar 2020
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Results; PM, .concentrations

(50 monitoring sites from the LAQN and AQE networks of reference monitors)

Little discernible overall impact of
lockdown, but small impact at
kerbside sites has been observed
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