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CERCNear Road Issues Near Road Issues 

October meeting in Washington in 2009: develop project on 
near/source issues:

• Field studies: Raleigh, Las Vegas etc.

• Issues
- road source attributes: canyons, tunnels, cuttings, 

embankments, flyovers, bridges, noise barriers
- exhaust location & buoyancy 
- vehicle induced turbulence
- nesting ‘local’ model in ‘regional’ model 
- low wind speed

- PM2.5 factors, re-suspension
- exposure assessment



CERCRaleigh dataset
Experimental Set-Up : road & receptors
Raleigh dataset
Experimental Set-Up : road & receptors

RAYLEIGH 
CITY, NC

I-440
7m from 
the road 17m 

from the 
road

Wind blowing from the 
South

Road modelled as a 
segment of 1km long, 40m 
wide. 

Receptors.
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D:\UK-US EPA co-operation\data\Raleigh2006met10min-compil.met
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Experiment Set-Up : data, meteorology  and 
concentrations
Experiment Set-Up : data, meteorology  and 
concentrations

- ~ 12 days of experiment .

- wind blowing most of the time 
towards the road.

- 104 hours of data (with both 
meteo and NO observed 
concentrations available).

- emissions not available: 
taken as a linear function of the 
traffic flow.

- background concentrations  
considered null in the first 
instance -> TO BE checked by 
looking at concentrations, when 
wind blows opposite to the road.



CERCModel Set-UpModel Set-Up

X
X

X X

- model set-up : flat terrain, no street canyon.
- no chemistry and no deposition.
- still chemistry could be important since NO reacts easily with 
other compounds (03) -> NO2 and 03 not known so chemistry 
has been not considered.



CERCResults (1) : [NO] /traffic flow = f(wind speed)Results (1) : [NO] /traffic flow = f(wind speed)

Existence of Background 
Concentrations

Existence of Background 
Concentrations
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Results (2) : QQ plots and statisticsResults (2) : QQ plots and statistics



CERCRaleigh dataset: ConclusionsRaleigh dataset: Conclusions

- Existence of background concentrations -> strong bias of 
the model.

- Experiment set-up includes NO only -> no chemistry in the 
model.

- Perspective of a more robust comparison with the Las 
Vegas set. 



CERCSTREET CANYONSTREET CANYON

aspect ratioaspect ratio, W/H

basic geometry unit 

geometries which affect 
flow and turbulence 
fields

wi,1

hi,2

wi,2

hi,1

Pi

HEIGHT/WIDTH=(hi,1+hi,2)/2(wi,1+wi,2)
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• Improve street canyon modules (eg OSPM) 
• Currently:

– 2-dimensional solution used within the canyon
– No effect taken of canyon externally

Modelling Issues
Road source attributes 
Modelling Issues
Road source attributes 

• Possible improvements:
– Model end effects (junctions)
– Have some account taken of effect 

of street canyon externally (similar 
to noise barriers)

– Model asymmetric canyons
– Include vertical variation
– Model multiple re-circulation 

regions for tall thin canyons 



CERC

• Tunnels• Tunnels
– User enters traffic flows and speeds within the tunnel
– Emissions modelled as volume sources at tunnel exits
– Account taken for venting of emissions from tunnel?

Modelling Issues
Road source attributes 
Modelling Issues
Road source attributes 

 



CERCModelling Issues
Road source attributes 
Modelling Issues
Road source attributes 

• Cuttings
– NOT appropriate to model as complex terrain
– Similarities to street canyon module
– Account for asymmetry?

 

Model effect on 
concentrations at ground 

level 

• Cuttings

Are concentrations 
within the cutting of 

interest? 



CERC

• Embankments

Modelling  Issues

Road source attributes 
Modelling  Issues

Road source attributes 

• Embankments
– NOT appropriate to model as complex terrain
– Effectively an elevated line source, shielded underneath
– Account for asymmetry?

 

Model effect on 
concentrations at ground 

level 

Are 
concentrations 

on the 
embankment of 

interest?
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• Flyovers
– NOT appropriate to model as complex terrain
– Effectively an elevated line source, shielded underneath

• Flyovers

Modelling Issues
Road source attributes IV
Modelling Issues
Road source attributes IV

Model effect on 
concentrations at ground 

level 
 

No calculations 
of 

concentrations 
below the flyover



CERCModelling Issues- Road Source Attributes VIModelling Issues- Road Source Attributes VI

Noise Barriers

• Noise barriers common throughout Europe



CERCModelling noise barriersModelling noise barriers



CERCModelling noise barriersModelling noise barriers

wind

road

barrier “ cavity” region

Modelling a noise barrier explicitly in ADMS 3

Look at downstream 
centreline concentrations



CERCModelling Issues- Road Source Attributes VIIModelling Issues- Road Source Attributes VII

Noise Barriers – modelled using ADMS-Urban/Roads (barrier 5m)
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Modelling Issues
Dispersing vehicle exhaust
Modelling Issues
Dispersing vehicle exhaust
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5(a) Low  level exhaus t 0km /hr
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5(c) Low  level exhaus t 50km /hr
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5(d) High level exhaus t 50km /hr
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5(e) Low  level exhaus t 100km /hr
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5(f) High level exhaus t 100km /hr
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Vehicle induced turbulence -VIT 
Experimental evidence

Rue de Strasbourg – Nantes, France

Reference wind speed and direction (z/H=1.25)
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Vehicle induced turbulence -VIT 
Experimental evidence

TKE at leeward and windward sides of the street
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Vehicle induced turbulence -VIT 
Experimental evidence



Vehicle induced turbulence–VIT 
Wind tunnel data
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D v /u(4H)
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ss* EcUHLc =

TPT WT – DISPERSION 
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Vehicle induce turbulence

Formulation - ADMS
Vehicle induce turbulence

Formulation - ADMS

• In ADMS-Urban, vehicle-induced turbulence is modelled as 
follows:
– Increased vertical plume spread

where       is the initial mixing height

– Increased lateral plume spread
where
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W = road width, N = number of vehicles, 
U = vehicle speed,  A = vehicle area,
t = travel time from source to o/p point,
b,     = constants
t
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Vehicle induce turbulence

ADMS– varying with speed
Vehicle induce turbulence

ADMS– varying with speed

Annual average concentration profiles normalised by emission rate
for a medium flow (1000 veh/hr), for different speeds (10m wide road)
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Vehicle induce turbulence

ADMS – varying with flow rate
Vehicle induce turbulence

ADMS – varying with flow rate

Annual average concentration profiles normalised by emission rate for
a medium speed (40km/hr), for different vehicle flow rates (10m wide road)
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• More advanced models take account of density of 
traffic on the road:

- Low density no wake interaction

- Medium density moderate wake interaction

- High density strong interaction

e.g. Di Sabatino et al. 2003

Environmental Fluid Mechanics,

3, 129-143.

Vehicle induced turbulence 
MODELLING 
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Comparison of vertical velocity 
fluctuations measured inside the street 
canyon of Göttinger Straße, Hannover, 
Germany  with VIT model

VIT – Field data

H=20 m

W=25 m

Vehicles number 
/day = 30000



CERCNesting local model into regional model

Currently ADMS-Urban can be nested into ‘regional’ model 
with grid scale comparable to or larger than ADMS-Urban 
Domain.

• Modifications to nest model where ‘regional’ model operating
at high resolution (e.g .1, 2 or 5 km grid)

- Cross over between explicit source representation in 
ADMS-Urban  and grid averaged concentration in numerical 
model source type and meteorology dependent 
- Need to avoid double counting. 
-Testing of model

..........................   


