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Factors Affecting Emission Rates

Vehicle Parameters
Fuel Parameters
Environmental Factors

Vehicle Operating Conditions

Modal Modeling

* Predict emissions as a function of vehicle operating
parametersthat lead to elevated emissions

— Cycle correction factors
— Speed/acceleration look-up tables

— Statistical modelsthat account for interactions between
vehicle technologies and load surrogates

— Modelsthat estimate engine load and use enrichment
thresholds (mass airflow) to predict elevated emissions

— Modelsthat employ engine physics (predict engine load,
gearing, computer response, catalyst efficiency, etc.)

» Each modeling approach providesimproved emissions
estimation but has unique activity data deficiencies




MEASURE

M obile Emission Assessment System for Urban and Regional Evaluation

MOdal mOdeI undergomg HC emissionsin Atlantafrom 8-9 AM
validation and regulatory using 1km grid cell aggregation
approval processfor
confor mity deter mination

Gl S-Based: emissionsarea
function of fleet technology,
oper ating modes, and
environmental conditions
Inputs: regional or local
transportation data (variety
of formats)

Outputs: gridded, hourly
CO, HC, and NOx emissions

Engine Load and M odal Emissions

BHP = ([(W)/32]a + (Ra) + (Rr) + (Rg) + (Ru) + (Rc)) (v/550)
BHP = engine brake hor sepower demand (hor sepower)

[(W)/32]a =inertial load vehicle parameter s, speed, acceleration
Ra=aerodynamicdragload vehicle parameters, speed

Rr =ralling resistanceload vehicle parameters, speed
Rg=gradeload vehicle parameters, speed

Rc = consumer equipment load vehicle parameters, speed

Relationships between engine load, onboard technologies, and
emissions response ar e approximated for groups of vehicles

Speed, acceleration, grade, and parameterized vehicle
characteristicsyield engine load estimates




Activity Data Requirements
for Modal Emissions | nventories

* Travel demand estimates
— Vehicle ownership and demographics
— Land use and transportation infrastructure

— Traffic volume estimates |lead to vehicle miles of travel
or seconds of vehicle operation

* Onroad vehicle fleet mix (technology char acteristics)

* Vehicleoperating characteristics (speed and acceler ation
characteristics)

Travel Demand M odeling
Traffic Volumes

* 4-Step travel demand models

— Developed in the 1950’s and 1960’ sto evaluate regional
system capacity under rapid growth conditions

— Predict traffic volumes and congestion levels on
freewaysand major arterials

— Never designed to answer current policy questions at the
corridor level

— Simplified approach employsreadily obtainable data
— Internal inconsistencies allowed
* Emission rate models constrained to match 4-step
— Link-based traffic volumes
— Average speed correction factors
Bachman 1998




Travel Demand M odeling

Transportation
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Transportation

Analysis TRIP GENERATION
Zone (TAZ)

Estimates # of trips produced and
1 attracted by aland use zone

Developed from socio-economic data
for the zone (household,income,etc)

3 By trip purpose (home-based work,
home-based schoal, etc)

4 Trip rates determined through analysis
of travel surveys (regression or cross-
classification)




Trip Generation

1995 Spatial Distribution of
Engine Starts, 7-8 AM

(Estimated 1995 Vehicle Trip
Origins from the regional travel
demand forecasting model)

Marietta

Lawrenceville

Downtown
Atlanta

Home Based Work Attractions

By TAZ
Trips/square mile

Red > 1000
Brown 500-1000
Tan 200-500
Blue < 200




TRIP DISTRIBUTION

500 Trips
Produced

Distributes trips between zones

Gravity model using distance
and ‘attractiveness of zone

B .

75

300

Productions ? Attractions

. Internal and external trips

MODE SPLIT

Predicts travel mode for trip
(SOV, Bus, Bike, ...)

Developed from travel
survey data




2 I TRIP ASSIGNMENT

Assigns trips to the road
network using capacity
restraint methods

Road Links System (not individual)

optimization of routes

Determines link volumes

3 Link speeds are based upon
internal model relationships
between volume and capacity

Traffic Volumes

Marietta

1995 Spatial Distribution of
Atlanta Road Volumes
7-8 AM

Downtown
Atlanta




4-Step Model Shortcomings

* Trip-based modeling predicts independent sequential trips
rather than dynamic chains (e.g. home to daycareto work)
— Mode-dependent trip chain components eliminate mode

alternatives for subsequent trips

* Lacksatruetime-of-day dimension (cannot handle peak
spreading effects directly)

» Limited behavioral response (sets of explanatory variables)
making models unresponsive to most TDM measures

» Trip generation (and distribution) are unresponsive to
congestion delay and trip price

* Modeling employs independent land-use, vehicle choice,
economic and socio-demographic inputs (non-dynamic)

Improved 4-Step Travel Demand M odels

» Adding feedback loopsto existing models

» Enhancing data and statistical analysis

* Increasing temporal resolution (more and better data)

» Supplementing travel surveys (parking turnover studies)

* Thereisstill agreat deal to be gained here...themain
limitation isthe cost of enhanced data and analysis

— Atlanta will be collecting standard 4-day paper travel
diariesin 6000 households in 2000-2001

— Instrumented data from 600 households
» 250 passive GPS
» 250 electronic diaries/GPS
* 100 electronic diary/GPSOBD monitoring)




Activity-Based Demand Models

» Activity-based models are improved behavioral models that
examine the underlying reason for making a trip

— Employ household and person descriptors
— Include sequencing of activities (tours, or trip chains)

— Includetour origin time periods as well as destination
time constraints (hour s of operation)

— Coded aslogit and nested logit discrete choice models

— Account for household activity substitution and lifestyle
stage dynamics (as households age or have children)

— Requires more detailed travel survey data, such as
Atlanta’s (information on why the trip was made)

— Can also employ stated preference surveys

Stochastic Demand Microsimulation

* Trip modeling flows from activity-based framework

» Assumestravel decisions are complex, subject to external
constraints, and influenced by numer ous stochastic factors

— Travel choices governed by mental “rules of thumb”
and incomplete or inaccurate information

* Microsimulatetrips at the household level
— Origin and destination activity and parking location

* TRANSIMSwill feed household tripmaking smulation into
roadway network simulation using a cellular automata
approach and car following theory

* Note: microsimulation can only be as good as the underlying
travel survey data and generated relationships
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Onroad Vehicle Fleet Mix

» Spatial and temporal emissions are a function of vehicle
technology operations

— New technologies are low emitting and well controlled

* Many urban areas (such as Atlanta) exhibit extreme spatial
distributionsin auto owner ship (income-related)

» Technology distributions on local roads mirror local
registration and on freeways mirror regional registration

* High emitterstrack vehicleregistration

* Onroad mix can be developed statistically for 4-step and
activity-based models or directly for microsmulation

— Requires solid registration data and validation studies

Vehicle Registration

1995 Spatial Distribution of
Mean Vehicle Modd Year by
1990 Census Block Group

(1995 Vehicle Registration Data
1.8 million vehicles)

Marietta

Lawrenceville

Downtown
Atlanta

Average Model Year
I 1991 - 1996

M 1990 - 1991
1989 - 1990

1988 - 1989
1987 - 1988
1986 - 1987
1985 - 1986
1970 - 1985
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Registration of High CO Emitters
(Orange > 3%, Light Green < 1%)

(Dark Green = Insufficient Data)

Bachman, 1997

Vehicle Operating Char acteristics

1-85 South at North Druid Hills
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Metered vs. Non-Metered Ramp Profiles
Northside Drive

Ramp Meters On Ramp Meters Off
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Vehicle Operating Characteristics
L oad Related Parameters

» Speed/Acceleration Profiles
— Speed and acceleration are components of load
components (inertial, aerodynamic, etc.)
— Modal operations differ significantly acrossroad classes
and as a function of highway engineering principles
(grade, truck volumes, capacity, freeflow speeds, etc.)

* Options:
— Derive speed/acceleration profiles statistically asa
function of roadway capacity, traffic volume, lane width,
and other Highway Capacity Manual parameters

— Simulate speed/acceleration profiles using car following
algorithmsintegrated in smulation models (e.g. TRAF

NETSIM or TRANSIMYS)

Comparison of Corsim and Field Data
Simulation Outputsvs. Measured Profiles

Field Data Frequency Plot CORSIM Frequency Plot

Total Intersection Activity
(-250 to 250 from Stopline)
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Comparison of CORSIM and Field Data
Simulation Outputsvs. Measured Profiles

Field Data Frequency Plot

CORSIM Frequency Plot

Laser Data (Midblock)
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Midblock Vehicle Activity

| nter section Simulation Results

* Fidd dataindicate Atlanta inter sections are characterized
by significant “hard” accelerations (>6mph/sec)

+ CORSIM simulationstend to underestimate high load
activity conditions

» Current car following algorithmsused in traffic
engineering/simulation models work in predicting
inter section traffic volumes, but are not necessarily
accurate for predicting actual speed/acceleration profiles

* GT hashad best successto date deriving fraction of high
load activity as a statistical function of HCM parameters
(Grant, 1998) but we are also working on improving the
imbedded CORSIM car following routines
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Driver Behavior

Significant differencesin driving patter ns have been noted
across cities

Insufficient data wer e collected to attribute these
differencesto: infrastructure characteristics, traffic
congestion levels, vehicle technology characteristics, or
driver interactions with the above parameters

Driver behavior studies begin in 2000 in Atlanta, examining
how driver characteristics and combined driver/vehicle
characteristics affect interactions with speed/acceleration
and throttle position

Validation

Validation and peer-review are the cor ner stones of new
model and model algorithm development

Data need to be made availableto all parties and assembled
on the Internet (with adequate and detailed documentation)

Models and model algorithmsrequire detailed
documentation and statistical methods presentation

National effortson validation of emissions and activity
modeling needsto be strengthened (make resour ces
available)

— Top down emissions validation
— Bottom up algorithm validation
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Model Accuracy Tradeoffs

Emission Rates

Average VehicleClass Tech Groups Tech Groups IT/de';::SILé:I Igd;/:gtg
Fleet Average Speed Vehicle Mode Vehicle Mode . .
- ; Vehicle Mode Engine Mode
(gtrip) (g/mi) (g/sec) (g/sec) (g/s0) (0/0)
Aggregate Disaggr egate
Total VehicleClass Tech Group  Tech Group Vehicle Vehicle/Engine
TripsyDa VMT Speed/Accel.  Traffic Flow Activity Activity
P Y Mean Link Speeds  Profiles Simulation Simulation Simulation
Vehicle Activity

Must Find the Balance Between
Model Algorithm Efficiency <-——

Accur acy and Data Input Error
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