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What insights can we gain?
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NO,/CO, emission ratios

NO, = NO + NO,
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* NO, has negative impacts on both public

health and the environment
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+ NO, emissions have decreased by 78% in
the UK since 1970
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NO,/CO, emission ratios

NO, = NO + NO,

* NO, has negative impacts on both public
health and the environment

* NO, emissions have decreased by 78% in
the UK since 1970

« The latest WHO annual guideline level?
of NO, is at an ambitious 10 pgm?-3

« This adds pressure to continue reducing
emissions
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NO,/CO, emission ratios

« Two main sources: Road transport & heat and
power generation

* Road transport dominates NO, emissions in
the UK#
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NO,/CO, emission ratios

Two main sources: Road transport & heat and
power generation

Road transport dominates NO, emissions in
the UK*

* NO, emissions from vehicles are uncertain
and can be affected by:
s Temperature
¢ Driving behaviour
s Fuel type

+* Vehicle class Q)C% &

» Discrepancies between laboratory and on-
road emissions were also highlighted in the
2015 diesel gate scandal
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NO,/CO, emission ratios

Two main sources: Road transport & heat and
power generation

Road transport dominates NO, emissions in
the UK*

Roadside NO,/CO, ratios provide valuable information
on the vehicle fleet

They can be used to evaluate emissions standards
compliance, but also give insight into vehicle type,
vehicle age, driving conditions & performance of
emission control technology

* NO, emissions from vehicles are uncertain
and can be affected by:
¢ Temperature
¢ Driving behaviour
*» Fuel type

** Vehicle class Q)C% &

* Discrepancies between laboratory and on-
road emissions were also highlighted in the
2015 diesel gate scandal
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NO,/CO, emission ratios

* Roadside NO,/CO, ratios provide valuable information
on the vehicle fleet

* They can be used to evaluate emissions standards
= Mobile monitoring reveals congestion penalty for vehicle compliance, but also give insight into vehicle type,
» cmissions in London vehicle age, driving conditions & performance of
emission control technology

z Shona E. Wilde™*, Lauren . Padilla®, Naomi J. Farren®, Ramén A.
u Alvarez®, Samuel Wilson®, James D. Lee®, Rebecca L. Wagner®, Greg Slater©,

2 Daniel Peters”, David C. Carslaw®
*Wolfson Atmospheric Chemistry Laboralorics University of York Y010 50D . . . . . .
b Bnvironmental Defense Fund 18 Tremont Street Boston MA 02108 United Stabes ° E mission ratl OS were 2X h Ig h erininner Lo n d on
¢ Invironmental Defense Fund Burope 3rd Floor 41 Easteheap London BEC3M 1DT United . 5
Kingdom despite the presence of the ULEZ

* High levels of congestion and stop-start driving allow
for non-optimal conditions for vehicle after-treatment
technology — resulting in higher NO, emissions
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NO,/CO, emission ratios

To continue reducing NO, emissions, it
Is essential that we improve our
understanding of on-road emissions
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Data Collection - London

 lterative Cavity Enhanced Adsorption Spectrometer
(ICAD)

* Measures every 2 secs

« Located at Marylebone road air quality site in London

« Feb 2024 - July 2024
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» 72% data coverage
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Data Collection - Manchester

S - Comparison data set collected by Sam Cliff as part of
b N P the OSCA campaign
) 45,/ Manchester / At
r&a srPecer’:s}are \&ﬁ L
A VAR = ey « Three weeks in July 2021 & three weeks in Feb 2022
2 L \\\\
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Calculation of ratios

« Followed a plume dilution rolling regression method developed by Farren et al®

Processed data

RunRegression

s

(Openair package) .

Time (s)
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Calculation of ratios

« Followed a plume dilution rolling regression method developed by Farren et al®

Processed data Regression outputs

RunRegression NO

»

(Openair package) o

Time (s) CO,
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Calculation of ratios

« Followed a plume dilution rolling regression method developed by Farren et al®

Processed data

RunRegression NO

(Openair package) .

Time (s)

Methodology

Regression outputs

Filter

Accepted ERs

RZ>0.90

ANO, > 0.2 ppb
ACO,> 2 ppm

Slope >0
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Calculation of ratios

CO2 (ppm)

1000+
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6001

* Retained data shows strong
correlation between NO, and CO,
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Calculated emission ratios

* There is a spread in emission ratios

London winter . : :
ondo : » Emission ratios are on average higher

during typical ‘winter’ vs ‘summer’
months.

London summer -
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Calculated emission ratios

London winter -

London summer -

Manchester winter -

Manchester summer

Results
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Emission ratios are on average higher

at the Manchester site
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Calculated emission ratios

London winter -

London summer -

Manchester winter -

Manchester summer -

Mean emission

Campaign ratio Dates
London winter 1.315 Feb-March 2024
London summer 1.035 June-July 2024
Manchester winter 2.261 Feb 2022
Manchester summer 1.437 July 2021

1072

10™ 10° 10
ANOX(ppb)/ACO,(ppm) emission ratio

102

Natural WY
Environment

= % UNIVERSITY
=\

Results

Research Council



Diurnal trends

ANO,/ACO, emission ratio
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Ratios are higher during the day than
at night
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Diurnal trends
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High emission events

Event 1 Event 2
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High emission events

Event 1 Event 2
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High emission events — emission ratios?

London winter -

London summer .
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High emission events — emission ratios?

London winter -

London summer .
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High emission events - link with vehicle speed?
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High emission events - link with vehicle speed?

Marylebone road NOx > 500ppb
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Future Work - Multiple linear regression

Can we explain changes in emission ratio?
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Future Work - Multiple linear regression

Can we explain changes in emission ratio?

MLR = Im(formula = ER ~ temp + speed)

Predictor |Coefficient|Standard Error|t-statistic| p-value
Temperature | -1.19E-02 1.13E-03 -10.58 <2e-16
Vehicle speed | -9.94E-02 1.90E-03 -52.6 <2e-16

» Model explains 60% of emission ratio
variation
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Future Work - Multiple linear regression

Can we explain changes in emission ratio?

MLR = Im(formula = ER ~ temp + speed) MLR = Im(formula = ER ~ temp + speed + vehicle classes)

* Model explains 60% of emission ratio
variation
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Future Work - Multiple linear regression

Can we explain changes in emission ratio?

MLR = Im(formula = ER ~ temp + speed) MLR = Im(formula = ER ~ temp + speed + vehicle classes)

/

TfL traffic data split by vehicle class

* Model explains 60% of emission ratio
variation
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Future Work - Multiple linear regression

Can we explain changes in emission ratio?

MLR = Im(formula = ER ~ temp + speed) MLR = Im(formula = ER ~ temp + speed + vehicle classes)

/

TfL traffic data split by vehicle class

VRN

Dataset 1

* Class1
* Model explains 60% of emission ratio  Class 2
variation  Class 3
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Conclusions and Future Work

Conclusions:

« A wide range of NO,/CO, emission ratios are calculated
at a roadside site

» Emission ratios vary diurnally & seasonally
* High resolution measurements and co-location with CO,

can provide us with more information than is currently
available at roadside sites

Conclusions
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Conclusions and Future Work

Conclusions:

« A wide range of NO,/CO, emission ratios are calculated
at a roadside site

» Emission ratios vary diurnally & seasonally
* High resolution measurements and co-location with CO,

can provide us with more information than is currently
available at roadside sites

Future work:

» Complete similar set of measurements at

a roadside site in York

« Use regression models to deconvolute

factors affecting emission ratios
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Conclusions and Future Work

Conclusions:

« A wide range of NO,/CO, emission ratios are calculated
at a roadside site

» Emission ratios vary diurnally & seasonally
* High resolution measurements and co-location with CO,

can provide us with more information than is currently
available at roadside sites

Future work:

» Complete similar set of measurements at

a roadside site in York

« Use regression models to deconvolute

factors affecting emission ratios

Studies like this can provide
insights into local NO,
emission characteristics.
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Conclusions and Future Work

« A wide range of NO,/CO, emission ratios are calculated .
at a roadside site

» Emission ratios vary diurnally & seasonally .

* High resolution measurements and co-location with CO,
can provide us with more information than is currently

Conclusions: Future work:

Complete similar set of measurements at
a roadside site in York

Use regression models to deconvolute
factors affecting emission ratios

available at roadside sites

Studies like this can provide Possible to evaluate the
insights into local NO, —— | efficacy of local air pollution
emission characteristics. policy.
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Conclusions and Future Work

Conclusions:

at a roadside site

available at roadside sites

« A wide range of NO,/CO, emission ratios are calculated .

» Emission ratios vary diurnally & seasonally .

* High resolution measurements and co-location with CO,
can provide us with more information than is currently

Future work:

Complete similar set of measurements at
a roadside site in York

Use regression models to deconvolute
factors affecting emission ratios

Studies like this can provide
insights into local NO,
emission characteristics.

Possible to evaluate the
efficacy of local air pollution

policy.

Provide routes for further
— | reduction of roadside NO,
emissions.
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