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Background
Road traffic emissions can be modelled in a 
number of ways:

Complex non-
linear models

Basic linear 
models

Quick, easy to use

X Not very accurate More accurate

X Less easy to use

Background 
UK Design Manual for Roads and Bridges (DMRB)

Screening modelScreening model
Old version:Old version:

Concentrations given Concentrations given ‘‘per 1000 vehicles/hr per 1000 vehicles/hr 
at 100km/hrat 100km/hr’’ at distances from the roadat distances from the road
Adjustments for:Adjustments for:

SpeedSpeed
Light/heavy vehiclesLight/heavy vehicles
YearYear
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Background 
UK Design Manual for Roads and Bridges (DMRB)

What were the results like?What were the results like?

Measured NOx (µg/m³)
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Generally not 
good for 

motorways

Background 
UK Design Manual for Roads and Bridges (DMRB)

What were the results like?What were the results like?
Introduced traffic flowIntroduced traffic flow--dependent adjustment dependent adjustment 
factors based on the monitored datafactors based on the monitored data
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Background 
UK Design Manual for Roads and Bridges (DMRB)

What are the What are the newnew results like?results like?

Measured NOx (µg/m³)
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Good

Background 
UK Design Manual for Roads and Bridges (DMRB)

What are the What are the newnew results like?results like?
But……

Good

Issues with models based on monitored data:Issues with models based on monitored data:
Correlations biased towards the chosen datasetCorrelations biased towards the chosen dataset
Factors different for each pollutant Factors different for each pollutant -- unphysicalunphysical
Adjustments have to be recalculated each time Adjustments have to be recalculated each time 
basic model updated (basic model updated (egeg emissions datasets)emissions datasets)

Better to include nonBetter to include non--linear, nearlinear, near--field field 
processesprocesses
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Vehicle-induced turbulence
Proposed Formulation

Extra lateral spread, Extra lateral spread, 
212
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Vehicle-induced turbulence
Proposed Formulation

Extra lateral spread, Extra lateral spread, 
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Vehicle-induced turbulence
Proposed Formulation

Extra lateral spread,         , represents 2 Extra lateral spread,         , represents 2 
regimes: regimes: 

vehicleyσ

Vehicle-induced turbulence
Proposed Formulation

Extra lateral spread,         , represents 2 Extra lateral spread,         , represents 2 
regimes: regimes: 

Near field:Near field:

i.e. plume spread dominated increased lateral i.e. plume spread dominated increased lateral 
turbulence from traffic turbulence from traffic 

vehicleyσ

1<<t t
vehiclevehicle vy σσ →
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Vehicle-induced turbulence
Proposed Formulation

Extra lateral spread,         , represents 2 Extra lateral spread,         , represents 2 
regimes: regimes: 

Near field:Near field:

i.e. plume spread dominated increased lateral i.e. plume spread dominated increased lateral 
turbulence from traffic turbulence from traffic 
Far field:Far field:

i.e. plume spread independent of speed and i.e. plume spread independent of speed and 
number of vehiclesnumber of vehicles

vehicleyσ

Note this formulation is for an OPEN ROAD

1<<t t
vehiclevehicle vy σσ →

∞→t
τ

σ W
vehicley →

Vehicle-induced turbulence
Wind-direction dependence

Perpendicular to roadPerpendicular to roadParallel to roadParallel to road
Wind directionWind direction

vehicle

wind
lateral plume 
spread

road

vehicle

overlapping 
plumes
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Vehicle-induced turbulence
Results

Constant      =0.1 (validation exercise)Constant      =0.1 (validation exercise)
CrossCross--sectional areas of light and heavy vehicles: sectional areas of light and heavy vehicles: 

AALL=4m=4m22, A, AHH =16m=16m22

Investigate urban and rural areas (roughness Investigate urban and rural areas (roughness 
z0=0.2 and 0.75m respectively)z0=0.2 and 0.75m respectively)

τ

Vehicle-induced turbulence
Results – ADMS-Urban: annual average concentrations

Road
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Vehicle-induced turbulence
Results – ADMS-Urban: annual average concentrations
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Vehicle-induced turbulence
Results

Constant      =0.1 (validation exercise)Constant      =0.1 (validation exercise)
CrossCross--sectional areas of light and heavy vehicles: sectional areas of light and heavy vehicles: 

AALL=4m=4m22, A, AHH =16m=16m22

Investigate urban and rural areas (roughness Investigate urban and rural areas (roughness 
z0=0.2 and 0.75m respectively)z0=0.2 and 0.75m respectively)
Most effect on high flow, high speed, thin roads in Most effect on high flow, high speed, thin roads in 
rural areasrural areas

τ

Initial mixing height
Proposed Formulation
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Initial mixing height
Proposed Formulation

ConsiderConsider
Height of line source that represents the road Height of line source that represents the road 
Initial vertical plume spread parameterInitial vertical plume spread parameter

Initial mixing height parameter

Initial mixing height
Proposed Formulation

Exit velocity 15 – 20 m/s 
( 54-72 km/hr )
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Initial mixing height
Results – ADMS-Urban: annual average concentrations
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Non-exhaust emissions
Estimation of contribution to concentrations

Compare monitored and modelled (ADMSCompare monitored and modelled (ADMS--Urban) Urban) 
concentrations:concentrations:

NONOxx and NOand NO22 –– good good 
PMPM1010 –– generally modelled results lowgenerally modelled results low

Analysis of Analysis of ‘‘roadsideroadside’’ and and ‘‘urban backgroundurban background’’ sitessites
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Non-exhaust emissions
Estimation of contribution to concentrations

20

30

40

20 30 40
Monitored

M
od

el
le

d

Roadside sites

Urban background
sites

Raw data

Non-exhaust emissions
Estimation of contribution to concentrations

Compare monitored and modelled (ADMSCompare monitored and modelled (ADMS--Urban) Urban) 
concentrations:concentrations:

NONOxx and NOand NO22 –– good good 
PMPM1010 –– generally modelled results lowgenerally modelled results low

Analysis of Analysis of ‘‘roadsideroadside’’ and and ‘‘urban backgroundurban background’’ sitessites
Calculate average difference (Monitored Calculate average difference (Monitored –– Modelled) Modelled) 
for each site type for each site type 
Use this value to represent nonUse this value to represent non--exhaust emissionsexhaust emissions
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Non-exhaust emissions
Estimation of contribution to concentrations

20

30

40

20 30 40
Monitored

M
od

el
le

d

Roadside sites

Urban background
sites

Adjusted data

Non-exhaust emissions
Estimation of contribution to concentrations
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Non-exhaust emissions
Required work

Need to parameterise the nonNeed to parameterise the non--exhaust emissionsexhaust emissions
Likely that emissions related to nature of flow (Likely that emissions related to nature of flow (egeg
stop/start), road surface type rather than linear with stop/start), road surface type rather than linear with 
exhaust emissionsexhaust emissions

Non-exhaust emissions
Required work

Need to parameterise the nonNeed to parameterise the non--exhaust emissionsexhaust emissions
Likely that emissions related to nature of flow (Likely that emissions related to nature of flow (egeg
stop/start), road surface type rather than linear with stop/start), road surface type rather than linear with 
exhaust emissionsexhaust emissions
CERC involved in project with:CERC involved in project with:

TRL (UK)TRL (UK)
Environmental Health & Risk Management Environmental Health & Risk Management 
Division, University of Birmingham (UK)Division, University of Birmingham (UK)

Aim of project: Aim of project: Review, Development of new nonReview, Development of new non--exhaust exhaust 
emissions model, Integration of new model into ADMSemissions model, Integration of new model into ADMS--Urban, Urban, 
Validation of emissions estimates, Validation of concentration Validation of emissions estimates, Validation of concentration 
estimates, Abatement optionsestimates, Abatement options
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Conclusions

Relationship between vehicle flow rate and Relationship between vehicle flow rate and 
pollutant concentrations is nonpollutant concentrations is non--linearlinear
Processes include:Processes include:

VehicleVehicle--induced turbulenceinduced turbulence
Initial mixing height Initial mixing height 
NonNon--exhaust emissionsexhaust emissions

Much of this work has been supported by the English Highways Agency and 
the UK Department of Environment, Rood and Rural Affairs (DEFRA).

Thank-you for 
your attention

www.cerc.co.uk
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