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ABSTRACT

The existing motor vehicle emission modeling regime was never developed with the intent of
accurately assessing the impacts of transportation strategies at the corridor level. Hence, it
should not be surprising that our modeling capabilities are limited when it comes to assessing
the potential air quality impacts of intelligent vehicle and highway systems. This paper
examines the potential effects of IVHS upon important emission-producing vehicle activities
and those parameters that affect emission rates. Important emission relationships are identified,
a framework for comparative analysis is developed, and the general relationships between

IVHS technology bundle characteristics and vehicle emission impacts are examined.

INTRODUCTION

Advanced transportation technologies can range widely in their scope, from some of the
simpler systems that provide drivers with real-time congestion conditions along their travel
routes, to the tremendously complex systems that may eventually provide fully automated
vehicle control. Advanced technologies applied to motor vehicles and the infrastructure are
generally known as Intelligent Vehicle Highway System (IVHS) technologies. Combinations
of these advanced technologies, known as "technology bundles," are being promoted as a
means of reducing congestion delay, and also as a means of making vehicle travel "...more
energy efficient and environmentally benign (1)." In theory, IVHS technologies will increase
the efficiency and capacity of the existing highway system to reduce congestion (2,3,4,5) and
as traffic congestion is reduced and traffic flows are smoothed, significant air quality benefits
are expected to accrue. On the other hand, increased travel efficiency and reduced trip times
may increase trip generation, change travel destinations, increase single occupant vehicle use,

and change travel routes. Hence, if IVHS systems lead to increases in the number of trips and
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vehicle miles traveled, the emissions associated with increased travel may negate some or all of

the expected efficiency-related air quality benefits achieved from smoother traffic flows.

The six basic IVHS "technology bundles” (6) include: Advanced Traffic Management
Systems (ATMS), Advanced Traveler Information Systems (ATIS), Advanced Vehicle Control
Systems (AVCS), Commercial Vehicle Operations (CVO), Advanced Public and
Transportation Systems (APTS). Each of these technology bundles is designed to achieve the
same general goal; improve the efficiency of the transportation system through the application
of technology. However, the efficiency objectives targeted by each technology bundle are
distinctly different, and will have different potential effects upon the parameters that effect

vehicle emissions.

In an earlier paper, some of the general relationships important in determining the potential
impacts of IVHS systems were explofed (7). Problems were noted in the capabilities of
existing models to estimate IVHS emissions impacts. This paper further explores the emissions
implications of deploying IVHS "technology bundles (6,8)" by examining potential effects
upon important emission-producing vehicle activities and those parameters that affect emission
rates. Given the vehicle activity and emission rate modeling shortfalls that currently exist,
evaluating the air quality impacts of IVHS impacts with today's modeling tools will be highly
uncertain and impossible to determine in a definitive manner. What is possible, and what we
do in this paper, is to: - 1) identify the important emission relationships, 2) discuss the general
framework used to compare emission impacts, and 3) examine the general relationships
between the characteristics of IVHS technology bundles and how these characteristics are

likely to positively or negatively impact vehicle emissions.
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MOTOR VEHICLE EMISSIONS (9)

Motor vehicles account for the lion's share of air pollutant emissions in urban areas; typically
more than 50% of volatile organic compound (VOC) and oxides of nitrogen (NOx) emissions,
both of which are precursors to ozone formation, and more than 80% of carbon monoxide
(CO) emissions. Of course, estimated transportation contributions of these pollutants vary

from area to area.

Motor vehicle emissions are estimated by quantifying emission-producing vehicle activities
and coupling these activities with activity-specific emission rates. For example, vehicle miles
of travel and engine idling are activities known to produce emissions, and gram/mile and
gram/hour emission rates can be developed for specific vehicle activities under various

operating and environmental conditions.

Emission-Producing Vehicle Activities

Motor vehicle pollute, whether they are running or simply parked in a driveway. For the
purposes of estimating emissions, the action being performed by the vehicle (or inaction) at the
time the emissions ocgur is an emission-producing vehicle activity. Table 1 contains the
general vehicle activities known to produce vehicle emissions that are often included in the
emission inventory modeling process, and the type of emissions that are produced. These
activities include: vehicle miles traveled, engine starts, engine shut downs, idling, exposure to

temperature fluctuation, refueling, and modal operations.

The elevated emissions of CO, NOx, PMj, and SOx, noted in Table 1 generally result from

engine conditions that exacerbate incomplete combustion and from catalytic converter
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temperatures too low to facilitate efficient control of exhaust gas emissions (10,11,12,13,14).
Two modeling approaches can be used to address elevated emission rates: 1) the cause can be
modeled as a discrete emission-producing activity (e.g. an engine start), and the emissions
treated as a discrete "puff;" or 2) the emission rate for the parent activity (e.g. the running
exhaust emissions that are elevated by the cold start) can be adjusted upward when the
conditions that cause elevated emission rates are noted. The CARB emission rate model treats
the elevated engine start emissions as a single "puff” (i.e. separate from running exhaust) and
multiply a cold start emission rate by the number of engine starts. The USEPA emission rate
model increases the calculated running exhaust emission rate for vehicles operating in cold

start mode.

High power and load conditions, such as rapid acceleration or high speed activities, also
produce significant emissions (15,16,17,18,19,20), and may be considered discrete emission-
producing activities. Recent laboratory testing indicates that high acceleration rates contribute
significantly to instantaneous emission rates, and that one sharp acceleration may cause as
much pollution as does the entire remaining trip (21). In addition, unloaded vehicle

deceleration events appear to be capable of producing significant emissions (22).

Figure 1 presents a second-by-second emission trace for a utility vehicle operating under a part
of the Federal Test Procedure (FTP). The figure illustrates that hydrocarbon and oxides of
nitrogen "emission puffs" occur, and are likely associated with either the high rates of
acceleration or deceleration (time delay associated with analytical equipment response for
these data was not available, so associating the specific modal event with the resulting
emission puffs was not possible). Surprisingly, operation of the same vehicle on a relatively
stable high-speed portion of the Highway Fuel Economy Test also showed some variability in
emission rates (albeit smaller "puffs") that may be associated with accelerations and

decelerations, even though the rates of acceleration and deceleration at these speeds were low.
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Like engine starts, acceleration and deceleration activities can be treated as discrete events and
modeled as emission puffs, provided that emission rates for these activities (as well as any
potential factors that may influence the magnitude of the puff) can be determined. In contrast
to cold start emissions that occur over a period of minutes, acceleration and deceleration
related emission occur over a period of seconds. Specific modal activities that produce
elevated emission rates are not currently modeled in the emission inventory process, and are
likely to be a partial cause contributing to emission inventory underestimation. Research in the

area of modal emission rates is ongoing.

Assessment of IVHS technology bundle impacts will hinge upon accurate assessment of
changes in vehicle activity estimates. The most detailed vehicle activity data currently used in
emission inventory and modeling work are outputs from transportation demand models, such
as the Urban Transportation Planning System (UTPS) generation of models. UTPS-type
models are generally described by a four step process: 1) estimating trip production and
attraction within small geographic zones, based upon land use and socioeconomic data; 2)
assigning the generated trips from zone to zone, based upon gravity-type models; 3) assigning
zone-zone trips to specific travel modes, based upon discrete choice analysis using
socioeconomic and transport characteristic data (e.g. regression, logit, or probit analysis); and
4) assigning the vehicle trips to specific links on a network model, using flow and capacity
characteristics and an iterative delay minimization process. Thus, trips generated, VMT, and
vehicle speeds can be estimated. The current accuracy of existing travel demand models,
assessment of the state of the practice for these models, and development of methods to
improve these models are currently being debated today (23,24,25), and state of the practice
guidelines are being developed for implementation (26). Additional discussions of the

demand-side modeling problems will be reserved for another forum.
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Activity Specific Emission Rates

The motor vehicle emission rates associated with each of the emission-producing vehicle
activities (i.e. grams of emissions per unit of emission-producing vehicle activity) are functions
of vehicle parameters, fuel parameters, vehicle operating conditions, and the vehicle operating
environment. Table 2 illustrates some of the important variables that can be taken into

consideration in developing emission rate estimates:

The Emission Inventory Process

The on-road motor vehicle emission modeling process consists of: 1) quantifying emission-
producing vehicle activities through a travel demand model or other means of estimation, 2)
providing data on vehicle, fuel, operating, and environmental characteristics to the computer
model, 3) running the emission rate model to predict activity-specific emission rates for the
given vehicle, fuel, operating, and environmental characteristics, 4) multiplying each activity
estimate by its appropriate activity-specific emission rate, and 5) summing the estimated
emissions for all activities. Ideally, these emissions estimates are temporally and spatially
resolved for the purposes of air quality modeling. Developing an accurate emission inventory
for motor vehicles is tremendously complex. As with most modeling approaches, various
modeling assumptions and data aggregation techniques have been developed to simplify the
emission inventory preparation and minimize labor and data requirements. However, these

simplifications often tend to yield uncertain emissions estimates.

The procedure for evaluating the potential air quality impacts of any proposed transportation
strategy involves developing a baseline emission inventory, a future baseline (i.e. no action)

emission inventory, and a future scenario emission inventory. To assess the emissions impacts,
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we compare the future scenario emission inventory to the future baseline emission inventory.
To assess the potential impacts of IVHS technology bundles on the future emission inventory,
we must understand the impacts that these bundles will have upon vehicle activity and the
conditions that affect emission rates from each activity. Many of the IVHS technology bundles
have the potential to change the amount of vehicle activity that will occur. All of the IVHS
technology bundles also have the potential to affect both the vehicle and environmental

characteristics that impact the magnitude of activity-specific emission rates.

POTENTIAL IVHS IMPACTS ON EMISSION-PRODUCING VEHICLE ACTIVITIES

In our previous work, we discussed potential changes in tripmaking activity in terms of the
land use and travel demand modeling framework (7). That is, we discussed potential changes
in land use configuration, trip generaﬁon, mode choice, trip distribution, and route selection
that could potentially result from the implementation of IVHS scenarios. In this section, we
discuss the potential IVHS impacts within a different framework; potentia.l changes in

emission-producing vehicle activity.

Vehicle Miles Traveled

The implementation of some information-related IVHS technologies will be designed to reduce
vehicle miles of travel, by providing better information about route selection and helping
motorists from becoming lost. Alternatively, some IVHS technologies that provide better
information may increase vehicle miles of travel, as motorists attempt to reduce total travel
time by selecting uncongested routes. Also, improved access to parking and cost information

may reduce cruising activity (27).
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If the effective speed on new AVCS systems were twice the speed on the existing congested
system, people might choose to live up to twice as far from their workplaces without having to
spend more time traveling (28). Plus, if travel speeds increase and congestion and travel times
decrease, it is likely that average trip lengths will increase as attractive destinations, once
inconvenient, become viable (29). For example, consumers may explore comparable services
in new areas. Better access to parking availability and cost information may change shopping
and other destinations. Plus, potential diversion from higher-occupancy modes, such as buses
and carpools, to single-occupant vehicles, may yield an increase in VMT. If, on the other
hand, successful APTS technologies are implemented, VMT may decrease as diversions from

single occupant vehicles to alternative modes of transportation occur.

Historically, the construction of the limited-access interstate highway system and
implementation of fiscal policies and subsidies have tended to favor the development of rural
lands for suburban uses. These policies have resulted in sprawling growth patterns
surrounding urban areas. Similarly, development of a new high speed limited access IVHS
infrastructure may promote continued sprawling development patterns, decreasing the
efficiency of services and increasing other externalities associated with sprawl. However,
closer analysis may reveal that actual impacts will be a function of the infrastructure that is
developed. In fact, it may be possible (although perhaps politically unfeasible) to use IVHS
systems to direct population growth and changes in land use. Rational comprehensive
planning initiatives may reduce sprawl and increase infill in desired locations by providing
IVHS access only in those areas. The IVHS system, however, must be designed and

implemented from the top down with this goal in mind for this to occur.
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Trip Ends - Cold, Hot, or Warm Engine Starts, and Engine "Hot Soaks"

If capacity and travel speeds increase and congestion and travel times decrease, additional
vehicle trips may be undertaken (29). Thus, IVHS technologies may increase the total number
of trips generated and change the number of trips made in cold, hot, or warm engine mode (and
increase the number of engine shut-downs associated with the end of each trip). Fully
automated traffic lanes are anticipated to increase freeway flow capacities from today's 2000-
2200 vehicles per lane per hour to as much as 3600-7200 vehicles per lane per hour, with the
possibility of vehicles operating at speeds of 60 mph or more. On the other hand, ATIS
technologies may increase the efficiency of tripmaking if increased access to information
yields increased trip chaining; perhaps replacing some cold start trips with hot start trips.

"How much change in the number of trips generated" is the first question. "Will these trips be
made in cold or hot mode" is the second question. The impacts upon trip generation are by no

means certain.

One important behavioral question arises in regard to additional tripma]ng behavior given
decreased travel time. Perhaps location decisions will be altered as people opt to live further
from work. Also, businesses may be more willing to move to remote locations that become
more readily accessible through IVHS congestion relief. In either case sprawl may be
encouraged. Those individuals who do not relocate will experienced decreased daily travel
time. While some will substitute non-travel activities, some may undertake new travel
"activities during the time was previously consumed in driving. The relationships between

travel time budgets, disposable income, and travel behavior must be refined.

10
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Engine Idling

IVHS technologies are very likely to decrease the amount of idling time likely to be
experienced by motor vehicles in the future baseline scenario. Advanced traffic management
systems are likely to reduce vehicle wait times at intersections, a major cause of idle emissions.
Access to more and better information will likely result in less time caught in queues and
motoring in search of parking spots. Finally, advanced vehicle control systems have the
potential so significantly reduce the amount of congestion currently experienced by vehicles,

thereby reducing time spent at idle.

Exposure to Diurnal and Multi-Day Diurnal Temperature Fluctuation

Diurnal evaporative emissions result from the expansion of fuel and increased vapor pressure
in the fuel tank caused by ambient warming. Diurnal emissions are controlled to a great extent
(when evaporative control canisters are functioning properly), but some ciiuma] emissions still
occur. The existence of the vehicle and its fuel tank is the activity that causes the emissions.
Emissions associated with diurnal temperature variation are not likely to be significantly
impacted by IVHS technologies, unless there is a major change in the number or fuel
characteristics of vehicles in the fleet. Hence, if IVHS vehicles become niche vehicles and are

purchased as additional household vehicles, diurnal emissions might increase.

Multi-day diurnal emissions are important because if a vehicle sits idle for more than one or
two days, the evaporative control canister becomes saturated, and emission control efficiency
drops significantly. Hence, if IVHS technology bundles cause vehicles to remain unused for

multiple days, multi-day diurnal emissions from the non-IVHS fleet may increase.

13
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Vehicle Refueling

Emissions from vehicle refueling will be a function of the number of additional fleet vehicles
associated with the IVHS system, the type of fuel they employ, their fuel efficiency, the size of
the fuel tanks, and any additional refueling emission control systems used with the new-
technology vehicles. In comparing a future case scenario, one would want to examine the
number of non-IVHS vehicles that the IVHS vehicles would replace; hence, while there are
emission increases associated with new IVHS vehicles, there are also emission reductions
associated with displaced vehicles in the future fleet. Vehicle efficiency is often considered
"the forgotten emission control strategy." Improvements in fleet fuel efficiency generally lead
to reductions in emissions because fuel tanks are downsized, fueling is less frequent, and
smaller fuel-efficient vehicles generally emit less per mile than their larger counterparts (30).
Changes in vehicle efficiency expected to result from IVHS will clearly be reflected in

reductions in refueling emissions.

Modal Activity (e.g. High Power Demand, Heavy Engine Loads, or Engine Motoring)

All of the IVHS technologies discussed in this paper are designed to reduce congestion.
Congestion relief is likely to reduce the number of significant acceleration and deceleration
events that cause elevated emission rates. Hence the likelihood that modal emission-producing
activities will be undertaken is significantly reduced, especially when the computerized vehicle
technologies can be readily programmed to avoid undertaking enrichment activities. For
example, intelligent vehicles can be pre-programmed for onramp acceleration rates that do not

yield excess emissions.

12
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Better tools are needed to assess the impacts of changes in modal operations, because traffic
flow tradeoffs resulting from IVHS and other transportation improvement strategies are
complex. Consider for example the effect on driving conditions of "improving" one part of the
highway system: doing may push congestion elsewhere, and in a complex non-linear manner.
For example, ramp metering reduces congestion on the freeway upstream of the onramp but
also causes congestion on the freeway onramp itself, congestion that can spill over onto other
roadways. In an ongoing study at UC Davis using travel demand models for the Sacramento
region, Johnston and Page found that on a systemwide level, automation of freeways appear to
result in significantly reduced vehicle-hours of delay on the freeways, but these reductions are
coupled with large congestion increases on the onramps, arterials, and collectors that feed into
the freeway system (31). Changes in the modal components of emission contributions are very

likely to be significant.

Unfortunately, modal emission rates and relationships for both the current and future vehicle
fleet are relatively unknown at this time, and potential emission tradeoffs associated with
changing vehicle flow parameters cannot be evaluated without further analysis of existing and
future data. As additional second-by-second emission profiles become available for modern
vehicles that are likely candidates for IVHS incorporation, these tradeoffs will become more
clear (at least for those vehicles for which data become available). However, it is likely that
the projected emission effects that result from specific modal operations will play a very
important role in determining which vehicles will ultimately be selected for IVHS
incorporation. Individual vehicle emission behavior and final IVHS vehicle fleet profiles are

inextricably linked.

13
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POTENTIAL IVHS IMPACTS ON VEHICLE AND FUEL PARAMETERS

In this section, the potential impacts of IVHS on the variables that affect the magnitude of

activity-specific emission rates are discussed.

Vehicle Class, Model Year, Fuel Type and Fuel Characteristics, Fuel Delivery Systems,

Emission Control Systems, and Onboard Computer Control Systems

The parameters described by this section (vehicle class, model year, fuel type and fuel
characteristics, fuel delivery systems, emission control systems, and onboard computer control
systems) are all directly dependent upon the composition of the vehicle fleet. Unless IVHS
implementation necessarily requires a change in the vehicle characteristics (e.g. fuel type,
vehicle size, etc,) there are no impacts of concern for individual vehicle emission rates.
Existing regulatory programs must be considered, such as the California Low Emissions
Vehicle and Clean Fuels Program which requires significantly cleaner ne;av vehicles and
mandated percentages of electric vehicles. If IVHS technologies, such as APTS, lead to
significant changes in mode share, these parameters become important. One of the real
challenges with modeling future IVHS scenarios will be predicting if there will be a significant

change in composition of the future vehicle fleet.

Fleet turnover rates may also be affected by IVHS technologies. If newer vehicles, complete
with IVHS instrumentation are purchased, a larger supply of used vehicle may enter the market
for a time and encourage fleet turnover. On the other hand, a significant increase in average
new vehicle prices may play a mitigating role by encouraging the retention of older non-IVHS
vehicles in the fleet for longer periods of time. Given these to competing factors, the ultimate

effect is currently unknown.

14
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Accrued Vehicle Mileage and Inspection and Maintenance History/Tampering

Vehicle emission rates increase as emission control systems degrade over time. The rate of
degradation is generally a function of accrued vehicle mileage, maintenance history, and
whether the control systems have been tampered with. Will changes in driving characteristics
under IVHS affect emission control degradation rates? For the most part, the difference
between an IVHS scenario and non-IVHS scenario appear negligible in terms of the effects of
accrued vehicle mileage. Vehicle control requirements (allowed degradation rates) continue to
evolve over time. Plus, with the current applications of onboard computer technologies, even
in the absence of IVHS, there is no reason to believe that tampering rates will change
significantly. On the other hand, a shift to an electric vehicle IVHS infrastructure would have

significant implications.

POTENTIAL IVHS IMPACTS ON VEHICLE OPERATING CONDITIONS
In the case of comprehensive improvements in capacity and level of service, vehicle activity
and congestion may be reduced and/or redistributed both temporally and geographically.

Changes in number of trips, by time of day, and the physical conditions (i.e. vehicle flow

conditions) under which the vehicle is operated may change as a result of IVHS.

Cold and Hot Start Modes

Discussed earlier, as a discrete emission-producing activity.

15
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Average Speed and Modal Contributions

Carbon monoxide and hydrocarbon emissions from motor vehicles are noted to decrease as
average vehicle speeds increase between zero and forty-five mph (although NOx emission
increase as speed increases). At average speeds in excess of 60 mph, the CARB have
indicated that emission rates of all pollutants rise dramatically (32,33,34). There is a high
degree of uncertainty associated with the VOC and CO speed-emission relationships (35) for
modern fuel-injected vehicles at low speeds (important for establishing future emission
baselines under congested scenarios) and at high speeds (important for estimating emissions

under IVHS scenarios).

Vehicle speed profiles on the road vary greatly. Two trips may have the same average speed,
but very different speed profiles and emissions (e.g., one trip may be traveled at a smooth
speed, and another traveled part of the time in stop-and-go congestion and part of the time at
high freeway speeds). Expressed more formally, two vehicle trips with the same "average
speed" can be composed of significantly different modal characteristics (stops, starts,
acceleration rates, time at idle, etc.). If speed profiles could be smoothed, by reducing stop-
and-go driving conditions and increasing free flow speeds, significant emission reduction and
fuel economy benefits may be achieved. By eliminating acceleration and deceleration
components of a vehicle trip, inertial energy losses are minimized, and emissions associated
with these modes of activity are avoided. The quantitative effects of modal components, as
discussed earlier, are fairly uncertain at this time and current models use average operating

speeds as the explanatory factor for changes in emission rates.

Speed and acceleration profiles are expected to change as a result of the use of automated
controls. Advanced traffic management systems are designed to increase average vehicle

speeds through the reduction in stop delays; a clear benefit that will reduce emissions.

16
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Advanced traveler information systems also increase average operating speeds, usually by
routing flows to uncongested routes. However, because individuals make route decisions
designed to minimize their own travel time, the provision of perfect information may lead to
higher overall congestion levels when individual decisions are made at the expense of overall
system efficiency; nevertheless, it may be possible to reduce total travel times by designing

efficient information systems that provide information selectively (36).

A comprehensive advanced vehicle control system infrastructure will likely relieve congestion
along existing freeways and expressways, as a result of computer control over separation
distances and from a reduction in number of accidents. Thus, AVCS will likely reduce the
magnitude of emissions allocated to these spatial locations. Reduced congestion levels will
result in improved vehicle flow and better levels of service on automated segments. However,
if the infrastructure creates additional traffic congestion along ramps and arterials surrounding
access points, as indicated by Johnston and Page (31), congested traffic conditions on local
roads are likely to increase emissions allocated to these spatial locations. Automation may
result in spatial shifts in congestion, with congestion being forced to the peripheries of the
automated system and between different roadway functional classes. Spatial shifts in

congestion and speed profiles are a complex modeling challenge.

Vehicle Load

The typical vehicle load factors that are currently modeled (air conditioning and towing) are
not likely be significantly altered by the implementation of IVHS systems, unless perhaps the
system cannot accommodate towing or these types of emission effects are not exhibited by the
new IVHS fleet. However, as noted for modal emission-producing activities, all [IVHS

technologies have the potential to impact vehicle load characteristics by reducing congestion.

17
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Additional research into the effects of vehicle loads under specific operating conditions is

necessary.

Driver Behavior

Laboratory emission test result differences between trained and untrained drivers have been
postulated (37). Although the emission differences are still theoretical, experienced laboratory
drivers may perform smoother accelerations and decelerations on the testing cycles than would
typically be exhibited by onroad drivers. Thus, laboratory drivers with different "gas pedal
behavior" may achieve significantly lower emission rates for the modern low-emission
vehicles operating dynamometer cycles than would untrained drivers. If this theory is proven
in the laboratory, IVHS systems have the capability of using computerized controls to mimic
the smoother acceleration and deceleration behaviors noted in the laboratory setting, thereby

reducing emissions.

POTENTIAL IVHS IMPACTS ON ENVIRONMENTAL CONDITIONS

The number of trips by time of day are likely to change as a function of operating conditions.
Trip distribution may change as a function of reduced travel time during peak periods, so that
more trips can be made during peak periods. Information technologies may change , the
temporal distribution of tripmaking as a function of access to information, and peak spreading
may occur. The resulting change in ambient environmental conditions, based upon time-of-

day, may affect vehicle emission rates.

18
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Altitude, Humidity, and Diurnal Temperature Sweep

None of the six technology bundles should have any relative impact upon altitude, humidity, or
diurnal temperaturé sweep. These environmental conditions for the future baseline emission

inventory scenario should also exist for the future controlled emission inventory scenario.

Ambient Temperature

To the extent that an IVHS technology bundle changes the time of day of a vehicle's operation,
the ambient temperature under which the trips are made will change. The change in time-of-
day for trips will likely be related to the time and out-of-pocket costs of a trip as a function of
time, as well as individual demand elasticities associated with tripmaking. As congestion is
relieved, the times of trips may shift to some extent, but shifts of less than one hour are unlikely
to be perceptible in the emission modeling process, compared to the relatively large amounts of

error already associated with trip aggregation.

Road Grade

The only IVHS technology bundle that seems likely to change road grade conditions is
Advanced Vehicle Control Systems (AVCS), which requires a new infrastructure. If such an
infrastructure were developed, the emission rate models might be adapted based upon new data
to account for emission reductions associated with gently-sloped, grade-separated right-of-

way. However, potential impacts cannot be evaluated with current models.

19
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CONCLUSIONS

Accurately quantifying emission reductions resulting from changes in mobile source operating
conditions using current modeling tools is extremely difficult. Changes in emission-producing
vehicle activity must be estimated, and activity-specific emission rates for these changes must

be known. Yet, if IVHS technologies are to be seriously considered as environmentally benign
congestion management tools, the emission tradeoff between induced trips and increased VMT

and reduced congestion-related vehicle emission rates need to be quantified.

The implementation of IVHS technologies has the potential to dramatically alter our
transportation infrastructure; affecting land use patterns, trip generation, trip distribution, mode
choice, and route selection. The implementation of IVHS technology bundles will have a
mixed effect upon emissions (and energy use). Emissions increases and decreases are likely to
result from changes in vehicle activity. Also, changes in vehicle emission rates are expected to
result from changes in vehicle characteristics and vehicle operating conditions. Ideally, the
magnitude of emission increases and decreases will be measured. Unfort;mately, at this time,
for most of the land use, tripmaking, and emission rate effects, neither theoretical nor empirical
evidence exists to make such a determination. Because the models do not well represent the
actual cause-effect relationships at work for vehicle activity and emission rates (especially for
modal activities), it is impossible to determine in a definitive manner the overall emission
impact of IVHS. The likely impacts of IVHS systems on vehicle activity and the variables that
affect vehicle emission rates are summarized in Table 3. Changes in environmental
characteristics are not included in Table 3 because the only expected change is ambient

temperature associated with shifts in tripmaking by time-of-day.

The important items to note in Table 3 are: 1) the implementation of advanced public

transportation systems is likely to provide significant emission-related benefits in all categories

20
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of vehicle activity and variables that affect emission rates, and pursuit of APTS technologies
for air quality purposes appears beneficial; 2) the impacts of IVHS on tripmaking and VMT
are highly uncertain; and 3) IVHS has the potential to significantly reduce emissions

associated with modal activities but that these reductions cannot be quantified at this time.

Note that none of the observations presented in this paper actually dealt with air quality, only
with emissions. A whole new set of uncertainties presents itself with respect to pollutant
dispersion. For example, will the presence of high-speed vehicle platoons change the pollutant
dispersion characteristics, and will drivers potentially be exposed to higher in-vehicle pollutant
concentrations (38)? Furthermore, the formation of ozone occurs when hydrocarbons and
oxides of nitrogen are combined in the presence of sunlight. Hence, whether the pollutants are
emitted during the morning or evening periods can be of consequence to single-day ozone
formation. In general, morning emissions tend to form more smog. However, the
photochemical reactions occurring duﬁng a daily cycle are often exacerbated by poor airflow
that traps pollutant in an airshed for multiple days. . Thus, under extremely stagnant conditions,
the emission of the pollutant by time of day is of lesser consequence. We- are dealing with a
complek system, composed of tremendously complex interactions, and we must face the fact

that our predictive capabilities today are still in their infancy.

The primary goal of IVHS-related emissions research should be to identify and quantify the
important cause-effect relationships at work. To achieve this goal, the effect of modal
operations of vehicles on emissions must be further investigated. Future IVHS-emissions
research should be designed to: 1) identify important emission related vehicle activities that
will be affected by IVHS implementation for both the IVHS and non-IVHS vehicle fleets; 2)
develop a modal emission modeling framework, applicable to both IVHS and non-IVHS
vehicle fleets; 3) improve existing transportation demand models, or develop new activity

modeling approaches that incorporate simulation techniques, so that modal activity outputs can
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be estimated; 4) develop a new modal emissions model using second-by-second emission
testing data now becoming available; and 5) analyze the implications of IVHS
implementation, in terms of IVHS and non-IVHS vehicle performance profiles, based upon the

emission rate model outputs.
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Table 1

Emission-Producing Vehicle Activities and Emissions that are Produced

Emission-Producing Vehicle Activity Type of Emissions Produced
Vehicle Miles Traveled e Running Exhaust
(CO, VOC, NOx, PMj ¢, SOx)
e Running Evaporative Emissions (VOC)
Cold Engine Starts e Elevated Running Exhaust Emissions
(CO, VOC, NOx, PM1, SOx)
Warm or Hot Engine Starts ¢ Elevated Running Exhaust Emissions

(CO, VOC, NOx, PMj g, SOx)

Engine "Hot Soaks" (shut-downs)

Evaporative Emissions (VOC)

Engine Idling

Running Exhaust Emissions
(CO, VOC, NOx, PM; g, SOx)

Elevated Evaporative Emissions (VOC)

Exposure to Diurnal and Multi-Day Diurnal
Temperature Fluctuation

Evaporative Emissions (VOC)

Vehicle Refueling

Evaporative Emissions (VOC)

Modal Behavior (e.g. High Power Demand,
Heavy Engine Loads, or Engine Motoring)

Elevated Running Exhaust Emissions
(CO, VOC, NOx, PM1 g, SOx)

CO = Carbon Monoxide; VOC = Volatile Organic Compounds; NOx = Oxides of Nitrogen;

My,

Source: (9)

= Fine Particulate Matter (less than 10 microns in diameter) ; SOx = Oxides of Sulfur
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Table 2

Vehicle Parameters, Fuel Parameters, Vehicle Operating Conditions, and
Environmental Conditions Known to Affect Motor Vehicle Emission Rates

Vehicle Parameters: Fuel Parameters:

e Vehicle class [weight, engine size, HP, etc.]* e Fueltype

e  Model year ' e  Oxygen content

e  Accrued vehicle mileage o  Fuel volatility

o  Fuel delivery (e.g. carbureted or fuel injected) ¢  Sulfur content (SOx precursor)
e  Emission control system e Benzene content :

e  Onboard computer control system e  Olefin and aromatic content

e  Control system tampering o Lead and metals content

e Inspection and maintenance history e  Trace sulfur effects on catalyst eﬁ'lciency‘
Vehicle Operating Conditions: Vehicle Operating Environment:

e Cold or hot start mode (unless treated separately) o  Alitude

e  Average vehicle speed e Humidity

. Modal activities that cause enrichment™ ¢  Ambient temperature

e Load (e.g. A/C, heavy loads, or towing) e Diumal temperature sweep

e Influence of driver behavior* ¢ Road gxade‘

*

Source: (9)

These components are not explicitly included in the USEPA and CARB emission rate models
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€

Table 3
Potential Impacts of Various IVHS Technology Bundles
on Emission-Producing Vehicle Activities,
and on Variables Expected to Affect Vehicle Emission Rates

ATMS ATIS AVCS APTS CVO?2

Emission-Producing Activities

Vehicle Miles Traveled Ub Ub Ub J NC
Engine Starts and Hot Soaks NC J ™N $ {
Diurnal Evaporation NC NC 8] NC NC
Vehicle Refueling 3 N N 2 NC
Modal Behavior (and Idling)¢ J J A2 8] J
Vehicle Parameters
Vehicle Classd U T U \ NC
Fleet Turnoverd U U U U U
Accrued Vehicle Mileage ™ N T 2 NC
Tampering and I1&M NC J $ $ NC
Vehicle Operating Conditions
Average Vehicle Speed® J 2 2 2 J
Modal Activities J J $ 2 3
Vehicle Load 2 2 s \) s
Driver Behavior A2 J d d J

Changes in the CVO category apply almost exclusively to the goods movement sector.

Longer trips may be made to save travel time. VMT is also affected by mode selection (e.g. increased use of
shared modes may reduce overall VMT).

IVHS technologies will be designed to reduce congestion and emission rates from modal activities.
However, these reductions cannot be quantified at this time due to uncertainty in emission models

Changes in fleet composition and fleet turnover rates must occur, compared to the future baseline condition,
for IVHS systems to have an impact upon this category.

NOx emissions may increase with average speed.

(NC) = Not Likely to Significantly Change Activity or Emission Rates

)
)

= Likely to Increase Activity or Emission Rates
= Likely to Decrease Activity or Emission Rates

() = Likely to Partially Increase and Partially Decrease Activity or Emission Rates

(8)

= Uncertain Impacts
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