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Introduction

Urban area plays a disproportionately large part (>70%) of fossil fuel
CO2 emission in the worldwide range [Duren and Miller, 2012]. Within
the urban core, The dominant source of emissions often is the traffic
[Erickson et al., 2013].

There are several challenges:
1. Concentration data requires a high spatial and temporal resolution.
2. The influence of traffic conditions on the boundary conditions for

CO2 dilution and pollutant dispersal.

The objective of this experiment is to derive on-road emissions and
develop a model for on-road concentrations, we then use data to infer

instantaneous emission rates.
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Materials and Methods
Model for Roadway CO: Concentration

C-— Cb o |:EV_4/3 (Baker, 1996)

1
V
F — Nlanes d_l — Wcar/2 + Icar o Icam

d tan(6,, /2)

car

C - Cb =i ENdIanes V—1/3

Total highway emissions:  Q = ENd'anes

C-C,=xQv ™
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Model for Roadway CO: Concentration

EN lanes
Q=

The per car emissionrate: E=P.f f .. f

f "c "oxid "m

The vehicle fuel consumption rate:

Pf _ 1 (foVN + P -|-1_—CH{P| d}j ( Ross, 1994, 1997)
n,\ 2000 * ¢ >
f
The engine speed : N = N+ Ny
1+(v/v,)

(Thomas and Ross, 1997)
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Model for Roadway CO: Concentration
The engine Ioad: I:)Ioad — I:)roll T F)air T F)inertia T I:)grade (ROSS, 1997)

P

roll

=C,Mgv P

air
I:)inertia = 1:i Mva Pgrade - MgVSIﬂ 0
C _Cb = Nlanesv_llsd - kfro,acc + kfro,N e -6 +H {km"
1+(v/v,)

Table 1. Model Parameter Summary®

= 0.5pC, Av* /1000

V4 Ky V2 + KineriaVa + KooV SIN (tan - «9)}]

Coefhcient Definition Prior Bounds Result Result/Expected®
Fofoiafo [ VN, 10.4
j"'frlll'..ﬂl:r: K ¢*i'.-lj ( UEDDE.HE + I|::Iul:-c} 12-3.200 EE'Dtm_D 0.20
Mefoaniafm ToV +14
kfrl},M K Tmfm 145400 ?5-_"'_13 1.2
fr'r-:n-: 'Frn 1- '
ko K f:“ — M g 2.0-200 64.1+37 3.0
Nl 1=c 0.50CA +0.0040
ki e 0.0050-0.30  0.0586*2.9040 0.91
£l 1= +
Kinertia e I=C M 30-1100 215+3 0.87
Kgrade o el 1-¢ pp o 28010000 1800713 0.77

M E

#Results correspond to 16%, 50%, and 84% in the marginalized distributions.
bAssumes x = 0.00137 (see text).
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Model for Roadway CO: Concentration

C —C, = kNyeeV °d ™ (Eqgace + o + Evon + Esir + Ejpgria + E

roll mertla

lanes grade )

fro,acc

fro, acc : accessories and idling engine friction at
zero load

fro, N : the increase with engine speed in engine
friction at zero load

roll : rolling resistance
air : airdrag
inertia : inertia

grade : road grade .
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Fig. 4 Example data sequence for the full evening data set made prio[2
to the opening of the fourth bore.
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Results and Analysis
Parameter Estimation
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Fig. 6 Comparison of the Highway 24 concentration data above
background to the maximum likelihood model.
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Parameter Estimation
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Fig. 7 The distributions and correlatlonswfor the emissions rate constants.
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Results and Analysis
Three emissions models

» Ross model : velocity, acceleration, and road
grade [ Ross, 1994, 1997]

» BBO08 : its only input is speed [Barth and
Boriboonsomsin, 2008]

» MOVES Lite : velocity, acceleration, and road
grade [Frey and Liu, 2013]
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model compared to three alternative models presented in the literature.
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Discussion

Mobile concentration measurements in this paper can
be a promising and useful method/dataset for testing,
improving existing emission models when traffic and
fleet information are readily available.

For the application in this paper, further work will
focus on improving the derivation of baseline emission
rates and extending the transport modeling to predict
absolute (rather than relative) emission rates.
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