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• NOx emissions have decreased by 78% in 

the UK since 19701

• The latest WHO annual guideline level2 

of NO2 is at an ambitious 10 µgm-3

• This adds pressure to continue reducing 

emissions 

21.8 µgm-3
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NOx/CO2 emission ratios

• Two main sources: Road transport & heat and 

power generation

• Road transport dominates NOx emissions in 

the UK3

• Emission ratios were 2X higher in inner London 

despite the presence of the ULEZ4

• High levels of congestion and stop-start driving allow 

for non-optimal conditions for vehicle after-treatment 

technology – resulting in higher NOx emissions 

• NOx/CO2 ratios provide insight into the strength of NOx 

emissions associated with vehicular combustion 

• NOx emissions from vehicles are uncertain 

and can be affected by:

❖ Temperature

❖ Driving behaviour

❖ Fuel type

❖ Vehicle class

• Discrepancies between laboratory and on-

road emissions were also highlighted in the 

2015 dieselgate scandal

Background

To continue reducing NOx emissions, it 

is essential that we improve our 

understanding of on-road emissions



Data collection

Data Collection - London 

• Iterative Cavity Enhanced Adsorption Spectrometer 

(ICAD)

• Measures every 2 secs

• Located at Marylebone road air quality site in London

• Feb 2024 – July 2024

• 72% data coverage 



Data collection

Data Collection - Manchester 

• Comparison data set collected by Sam Cliff as part of 

the OSCA campaign

• Three weeks in July 2021 & three weeks in Feb 2022 
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Methodology

Calculation of ratios 

• Retained data shows strong 

correlation between NOx and CO2

• 23% of data is retained after filtering
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Results

Calculated emission ratios 

Campaign
Mean emission 

ratio
Dates

London winter

London summer

Manchester winter

Manchester summer

1.315

1.035

2.261

1.437

Feb-March 2024

June-July 2024

Feb 2022

July 2021

London winter

London summer

Manchester summer

Manchester winter
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Results

Diurnal trends

• Distinctive morning peaks in 

emission ratio at the Manchester 

site 

• Differences in driving behaviourLondon winter
London summer

Manchester summer
Manchester winter
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Results

London winter

London summer

NOx < 500 ppb

NOx > 500 ppb

High emission events – emission ratios? 



Results

High emission events – link with vehicle speed? 



Results

High emission events – link with vehicle speed? 

R2 = 0.94
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TfL traffic data split by vehicle class

Dataset 1

• Class1

• Class 2

• Class 3

Dataset 2

• Car

• Bus

• LGV

• OGV1

• OGV2

• Motorbike

• Model explains 60% of emission ratio 

variation



Conclusions

Conclusions and Future Work

Conclusions:

• A wide range of NOx/CO2 emission ratios are calculated 

at a roadside site

• Emission ratios vary diurnally & seasonally

• High resolution measurements and co-location with CO2 

can provide us with more information than is currently 

available at roadside sites



Conclusions

Conclusions and Future Work

Conclusions:

• A wide range of NOx/CO2 emission ratios are calculated 

at a roadside site

• Emission ratios vary diurnally & seasonally

• High resolution measurements and co-location with CO2 

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



Conclusions

Conclusions and Future Work

Conclusions:

• A wide range of NOx/CO2 emission ratios are calculated 

at a roadside site

• Emission ratios vary diurnally & seasonally

• High resolution measurements and co-location with CO2 

can provide us with more information than is currently 

available at roadside sites

Studies like this can provide 

insights into local NOx 

emission characteristics. 

Future work:

• Complete similar set of measurements at 

a roadside site in York

• Use regression models to deconvolute 

factors affecting emission ratios



Conclusions

Conclusions and Future Work

Conclusions:

• A wide range of NOx/CO2 emission ratios are calculated 

at a roadside site

• Emission ratios vary diurnally & seasonally

• High resolution measurements and co-location with CO2 

can provide us with more information than is currently 

available at roadside sites

Studies like this can provide 

insights into local NOx 

emission characteristics. 

Future work:

• Complete similar set of measurements at 

a roadside site in York

• Use regression models to deconvolute 

factors affecting emission ratios

Possible to evaluate the 

efficacy of local air pollution 
policy.



Conclusions

Conclusions and Future Work

Conclusions:

• A wide range of NOx/CO2 emission ratios are calculated 

at a roadside site

• Emission ratios vary diurnally & seasonally

• High resolution measurements and co-location with CO2 

can provide us with more information than is currently 

available at roadside sites

Studies like this can provide 

insights into local NOx 

emission characteristics. 

Future work:

• Complete similar set of measurements at 

a roadside site in York

• Use regression models to deconvolute 

factors affecting emission ratios

Possible to evaluate the 

efficacy of local air pollution 
policy.

Provide routes for further 

reduction of roadside NOx 
emissions.
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