



























































simulation as reference, the proposed emission estimation method was evaluated. It was
found that it performs better than the current practice and is capable of estimating time-

dependent emissions with the presence of traffic sensor data.

It is noted that micro-simulation models may not accurately model acceleration or
deceleration when compared to actual on-road vehicle activities. Although this may be a
restriction of the approach, it is the only standard approach that is feasible given the
limitation on obtaining real-world data. Furthermore, a calibrated simulation model was

applied.

While the proposed method underestimates total emissions, the model has the potential to
be further improved. The model can incorporate other ESC variables, such as driver
characteristics, weather and vehicle characteristics, some of which cannot be modeled
and captured by micro-simulation. In addition, the relationship between speed and ESC
can be further improved by using multivariate statistical analysis techniques, such as
structural equation modeling, where linear relationships between a number of

endogenous and exogenous variable (as well as latent variables) can be established.

Although this paper assumes the existence of good detectors in the target network for
dynamic estimation of emissions, the developed intermediate model is actually flexible
enough to work with different data sources, such as probe vehicle data, historical speed
data, and the speed output from travel forecasting model. If the speed data from travel

forecasting model are used, the proposed model will only be restricted to provide a static
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emission estimate, which may still be a better estimate than from current practice due to
the involvement of other ESC variables. When advanced traffic information systems are
deployed, this methodology would be readily available to better estimate emissions. Two
separate models could be calibrated: one for cases when sensor speed data (or other real
data) are not available and another when they are available. Furthermore, this research

can be developed to include the effect of different vehicle type mixes.

It is realize that, while a fundamental problem in the modeling of emissions and energy
consumption in travel forecasting is examined, the most fundamentally detailed solution
is not necessarily provided (such as utilizing dynamic models). The state of the art in this
area is still several years away from any practical application, due primarily to the lack of
route choice and other behavioral paradigms for the dynamic domain (as well as deeper
questions as to what extent dynamic equilibrium exists in the real-world). Simulation-
based non-equilibrium analysis to augment travel forecasting is one option, but again this
is also not an option in which the planning community has sufficient level of comfort for
practical use. The proposed scheme, however, attempts to bridge the gap in a practical
way, with a good understanding of the underlying theoretical problems which point to

network and traffic dynamics.

The proposed method provides traffic agencies and practitioners with a way to improve

emission estimates based on available data sources. The calibration of the intermediate

model would be required prior to adoption in other areas. In the future, the intermediate
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model can be developed as a corrective model by collecting real-world data sets for more

varied types of street characteristics and traffic conditions with large data sets.
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Travel time = FL/speed
A

FIGURE 1 Fundamental diagram of traffic flow

Note: FL = Facility length
BPR = Bureau of Public Roads
(a) = indicates low flow, low density and low travel time
(b) = indicates curve turn back and goes to infinity
(c) = indicates low floe, high density and high travel time.
Travel time is estimated using following equation:
tf = t*(1+ o*(V/C) P)

Where, tf — Final congested link traversal time
to - link traversal time at free flow speed

V — Link Volume/flow in veh/hr/lane

C — Link Capacity

a — Coefficients (0.15)

B — Exponent (4.0)
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Driver characteristics
- Age

Traffic Delay Characteristics
- Speed limit
- Signal coordination
- No. of traffic lights
per mile

- Experience
- Attitude

Weather characteristics
- temperature
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FIGURE 3 Relationship between link speed and ESC

Note: Variables inside the dotted boxes are not used in this study.
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FIGURE 6 Overview of the study network
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TABLE 1 Summary of variables considered for analysis

Geometric Design
e Number of lanes: Ranging from 2 to 6 in each direction
e Pavement quality: 0- bad quality; 1- Good quality
e Link type: 1- curved; 0- straight
e Facility type: 1 — freeway, 0 — otherwise
1 — arterial, 0 — otherwise
1 —ramp; O - otherwise
e Presence of bike paths in arterial streets: 0-No; 1-Yes

Traffic Characteristics
e V/C ratio: ranging from 0.3 to 1.1
e Loop Speed: ranging from 12 to 84 mph
e Travel forecasting speed: ranging from 3.4 to 60 mph
e Loop Volume: 0 to 11520 vph per direction

Traffic Delay Characteristics
e Time of the day: 0 — off-peak period; 1- peak period
e Presence of stop sign in the link: 0 — No; 1-Yes
e Presence of traffic signal: 0-No; 1-Yes
e Speed limit: Ranging from 25 mph to 65 mph

Roadway Environmental Characteristics
e Landuse:
1 —residential, O - otherwise
1 - commercial, 0 - otherwise
1 - mixed landuse, 0 — otherwise.
e Access density: ranging from 0 to 11 intersections per mile
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TABLE 2 Regression model to estimate refined link speed

Variables Coefficient P-values
Loop speed 0.714 0.000
Speed limit 0.51 0.000
Mixed landuse 2.46 0.032
Link type 3.84 0.006
Link length 12.83 0.002
Access density -1.34 0.003
Constant -21.62 0.000

N — 1400; R? — 69.96%; Adj. R* — 69.5%
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TABLE 3 Comparison of total emissions and average link speeds of selected links

Travel Paramics Total Emissions, Travel forecasting Total Model Total Emissions®
Loop | forecasting | Model 1073 g) Emissions® (1073 g) (10"3 g)
Speed' | Speed® | Speed®
Link Link Type | (mph) (mph) (mph) | VOC CO NO, VOC CcO NO, |VOC | CO NOy

8:10 Freeway 53.0 60.0 54.8 439 3920 401 423 3910 401 426 3924 402
10:12 Freeway 35.3 60.0 36.2 2 19 2 2 18 2 2 20 2
188:222 | Freeway 44.7 60.0 48.7 2 23 3 2 23 2 2 23 3
144:138 | Arterial 22.4 415 23.2 89 764 79 85 743 77 89 757 79
233:121 | Arterial 26.1 44 1 28.4 15 139 14 12 126 13 15 137 15
149:121 | Arterial 27.5 41.9 29.2 3 27 3 2 26 2 3 27 3
62:138 | Arterial 23.8 41.4 25.6 30 326 34 24 325 34 29 323 33
264:20 Ramp 34.4 41.1 37.7 22 178 19 21 174 16 22 170 18
318:320 | Ramp 29.3 41.1 29.5 6 50 5 5 47 5 6 50 5
Note:

' Estimated from a PARAMICS simulation
? Estimated from OCTAM 2001 travel forecasting model
3 Refined speed from intermediate model

* Calculated using PARAMICS plug-in with simulated link speed as inputs
> Calculated using MOBILE with link speed from travel forecasting model

6 Calculated using MOBILE with refined speed from intermediate model
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