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Various approaches to air quality modeling have been used to relate changes in emis-
sion rates to changes in ambient air quality. The commonly used rollback model as-
sumes that a change in the amount of pollutant emitted from one or more source cate-
gories will result in a directly proportional change in ambient air quality. The model 
does not consider the localized effects of meteorological and topographical conditions 
nor does it allow for changes in background pollutant concentration and emission dis-
tribution in space and time over the projection period. Moreover, point source indi-
cators of air quality may not be representative of air quality over an entire region of 
modeling interest. The use of the second highest concentration value as a base pre-
dictor may compound this problem since limited data analyses indicate that it may not 
be the best predictor of average mean ambient concentration or number of times the 
standard is exceeded annually either at a single sampling point or in a region (1). 

Diffusion models, although considerably more data intensive than the simple propor - 
tional model, can be expected to improve predictive ability since they recognize the 
importance of meteorological and topographical variables. However, all models are 
limited by the accuracy of the input data. Before a model can be applied, an estimate 
of the amount of pollutant emitted must be computed for the base year and the future 
years of interest. The amount of pollutant emitted for future years is a function of 
both the emission factor, defined as the rate at which a pollutant is released to the at-
mosphere as a result of some activity, and the growth rate of the activity. In addition, 
accurate estimates of base-year ambient concentration and, in the case of diffusion 
models, meteorological and topographical variables are needed. This paper will ad-
dress the sources and accuracy of the emission factor inputs necessary to perform air 
quality modeling of carbon monoxide. 

Carbon monoxide is largely a localized problem although a second-order areawide 
problem may exist as a result of workday buildup of CO. Moving a monitor a few feet 
will usually result in a large change in measured concentration, and locating monitors 
in different places within a central business district will show large concentration dif-
ferences (1). High CO concentrations are normally found at busy intersections, street-
side, and other locations of high traffic density. As a result of the hot-spot nature of 
CO, motor vehicles tend to dominate the modeling situation and stationary sources 
have little impact. 

Estimates contained in the National Emissions Data System (NEDS) indicate that 
during 1973 more than 93 million tons (84.4 Tg) of CO were emitted in the United States 
by man-made sources. Seventy-eight percent of these are attributed to mobile sources, 
and the automobile alone accounts for nearly 50 percent. Most urban monitoring sites 
at which ambient CO concentrations are high are located in areas of high traffic density 
and are rarely influenced by stationary sources of CO. Urban violations of the national 
ambient air quality standard for CO are almost exclusively due to vehicular traffic, and 
the importance of stationary sources is even less than indicated by the nationwide emis-
sions. 

Estimates for 1971-1974 calendar year stationary source contributions to hot-spot 
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problems are on the order of 3 percent. Although further control of mobile source CO 
can be expected to increase the importance of an accurate determination for stationary 
source emission factors and growth rates, the overriding concern at present is in the 
area of mobile source emission factors. Any comparison of the effectiveness of alter-
native control strategies for achieving ambient air quality improvement or the need to 
evaluate the implications of new or existing indirect sources is dependent on the ability 
to estimate the CO emission factor under various conditions. 

EPA PROGRAM TO MEASURE MOBILE SOURCE EMISSION 
FACTORS 

The Congress, through the enactment of the Clean Air Act of 1963 and amendments 
thereto, provided for a national air pollution program to monitor and control emissions 
from new motor vehicles. Administrative responsibility for the air pollution control 
program is vested with the U.S. Environmental Protection Agency (EPA). The first 
nationwide standards, together with the testing and certification procedures, were is-
sued in 1966 and were applicable to 1968 model-year passenger vehicles and light-duty 
trucks sold within the United States. Levels for maximum allowable emissions were 
imposed initially on hydrocarbon (HQ and CO effluents only. Increasingly stringent 
standards have been introduced since the initial standards along with light-duty vehicle 
test procedure changes in 1972 and 1975. Heavy-duty vehicles were first subject to 
control in 1970, and motorcycles are first scheduled to be controlled in 1978. The 
current and projected CO standards by mobile source category are given in Table 1 
along with the percentage of urban control achieved by each standard over the preemis-
sion control level. Best estimate future standards are included where known. 

EPA has recognized that a realistic assessment of the effectiveness of federal air 
pollution regulations requires the measurement of emissions from production vehicles 
being driven by the public. This estimate of federal regulation effectiveness is neces-
sary before states can assess their air quality attainment and maintenance plans. 
Whether vehicles meet emission standards throughout their lives depends on many 
items: owner maintenance practices, extent of tampering with the emission control 
system or emission sensitive parts, owner usage practices, failure of the manufac-
turer to adequately translate acceptable prototype design to mass production, poor as-
sembly line quality control, and failure of prototype durability test to simulate real-
life durability. To answer the question of how well vehicles perform in actual use, 
EPA has administered a series of exhaust emission surveillance programs. Test 
fleets of consumer-owned vehicles within various major cities were selected by model 
year, make, engine size, transmission, and carburetor in such proportion as to be rep-
resentative of the normal production of each model year as well as the contribution of 

Table 1. Current and projected CO 
emission standards by mobile source Source Year Standard 

Reduct on 
(percent) 

and control achieved. 
Light-duty vehicles 1975-1977 federal 15 g/mile 83 

1975-1977 California 9 g/mile 90 
1978 and later Statutory 3.4 g/mile 96 
1978-1979 train recommendation 15 g/mile 83 
1978-1981 Ford recommendation 15 g/mile 83 
1980-1981 train recommendation 9 g/mile 90 
1982 and later train recommendation 3.4 g/mile 96 

Light-duty trucks 1975-1977 federal 20 g/mile 77 
1976 and later California 17 g/mile 80 
1978 and later recommended federal 18 g/mile 79 

Motorcycles 1978-1979 recommended federal 27 g/mile 21 
1980 and later recommended federal 3.4 g/mile 90 

Heavy-duty trucks 1975-1977 federal 40 g/hp-hr 32 
1975- 1976 California 30 g/hp-hr 38 
1977 and later California 25 g/hp-hr 41 
1977 and later recommended federal 25 g/hp-hr 41 

Rota 	1 9/mile = 0.6 n/km. 004 1 g/hp = 0.00134 gA/. 

Percmtage reductions for heavy.duty gamline trucks are tines. 	Co levels for heavy.duty diesel trucks are coo. 
siderubly below standards, 
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that model year to total vehicle miles traveled. In the case of heavy-duty vehicles, 
fuel type and gross vehicle weight were also key items in the stratification scheme. A 
list of past and ongoing surveillance projects is given in Table 2. 

The data collected in these programs are analyzed to provide mean emissions by 
model-year vehicle in each calendar year, change in emissions with the accumulation 
of mileage, change in emissions with the accumulation of age, percentage of vehicles 
complying with standards, and effect of vehicle parameters on emissions (engine dis-
placement, vehicle weight). These surveillance data, along with prototype vehicle 
data, assembly line test data, and technical judgment, form the basis for the existing 
and projected mobile source emission factors presented in Publication AP-42 (2). All 
estimates of 1972 calendar -year emission factors are obtained directly from atual 
measurements in surveillance programs as are the projected deterioration rates for 
1972 and earlier model-year vehicles. 

The EPA emission factor surveillance program has paralleled or slightly preceded 
the EPA regulatory program. Such a situation is to be expected since the need to reg-
ulate usually is based on source -pollutant characterization. Both the emission factor 
program and the regulatory program depend on a valid test procedure over which emis-
sions are measured. Test procedures are developed when regulation is anticipated. 

It has been the intent of the EPA regulatory program to develop standards for a test 
procedure that represents urban emissions. Reductions during such a test procedure 
could be expected to predict reductions in actual urban emissions for area pollutants. 
For localized pollutants such as CO, the ability of the test procedure to predict changes 
in emissions depends on the similarity of the localized driving pattern and associated 
operating conditions to those in the test procedure. That is, it depends on the adequacy 
of the test procedure as a good yardstick for emission reduction. At the present time, 
EPA has 2 test procedures: one for light-duty vehicles (including cars, light trucks, 
and motorcycles) and one for heavy-duty vehicles. 

The 1975 light-duty federal test procedure (FTP) measures emissions on a grams-
per-mile (grams -per -kilometer) basis over a typical urban home-to-work trip. The 
actual test measures the emissions during 3 types of driving: a cold transient phase 
(representative of first 505 sec after vehicle start-up following a long engine-off pe-
riod), a hot transient phase (representative of first 505 sec after vehicle start-up fol-
lowing a short engine-off period), and a stabilized phase (representative of warmed-up 
vehicle operation). The weighting factors used are 20, 27, and 53 percent of total 
miles (time) in each of the 3 phases respectively. These weighting factors can be 
viewed in 2 ways. On an areawide basis, the weighting factors imply that 43 percent 
(20/47) of vehicle trips start with the vehicle engine in a cold condition and 57 percent 
of vehicle trips start with the vehicle engine in a warm, but not stabilized, condition. 
On a localized basis, the weighting factors imply that 20 percent of the light-duty ve-
hicles in the area of interest are operating in a cold condition, 27 percent are operating 
in a hot start-up condition, and 53 percent are operating in a hot stabilized condition. 

The 1975 light-duty FTP requires that emission measurements be made within the 
limits of a relatively narrow temperature band (68 to 86 F or 20 to 30 Q. The FTP 
has an average speed of 19.6 mph (31.4 km/h) with approximately 18 percent idle time 
and speeds as high as 57 mph (91.2 km/h). The test assumes the vehicle is loaded min-
imally (driver plus fuel only) and vehicle inertial weight and road-load horsepower are 
simulated for a level road condition. Air -conditioning is simulated by adding additional 
load. 

The 1975 light-duty FTP is the standard test procedure used to test passenger cars, 
light-duty trucks, and motorcycles. The driving cycle attempts to simulate typical 
personal usage transportation in an urban environment. EPA has recognized that, al-
though the FTP represents average urban operation, it may not represent specific 
localized conditions. Therefore, the emission factor surveillance programs have also 
collected data on vehicle operation at other than standard temperatures and other than 
standard loads. Modal emission data (idle, cruise, and acceleration and deceleration 
modes) have been collected as well as emissions during other than the FTP driving 
cycle in order to investigate the effect of average speed on vehicle emissions. These 
additional sources of data have been analyzed and appear, for the first time, in Supple- 



Table 2. Past and ongoing emission factor programs. 

Fiscal 
Year Program 

No. of 
Vehicles 

Types of 
Vehicles Test Sites Test Procedures 

1968 Rental vehicle surveli- 705 1968-1969 Los Angeles 757 FTP 
lance program automobiles Detroit 

1969 Great Plains surveil- 2,029 1968-1969 Houston 707 FTP 
lance program light duty Kansas City 

1970 National surveillance 2,101 1970 light Houston 707 FTP 
program, phase 1 duty Kansas City 

Los Angeles 
Detroit 
Denver 
Washington 

National surveillance 369 1971 light Houston 707 FTP 
program, phase 2 duty Los Angeles 

Detroit 
Denver 

Surveillance study of 64 1970-1971 San Antonio Chassis dynamometer adapta- 
smoke from heavy- heavy duty tion of 1970 FTP 
duty diesel-powered 
vehicles, southwest- 
ern United Slates 

Surveillance study of 145 1970-1972 San Antonio Chassis dynamometer version 
emissions from heavy- of 1970 FTP, over-the-road 
duty gasoline-powered testing 
vehicles, southwestern 
United Siates 

1971 Study of emission from 1,020 1957-1971 Chicago 1972-1975 CVS FTP, evapora- 
1,020 light-duty vehi- light duty St. Louis tine emissions, modal 
des In 6 cities Denver emissions 

Washington 
Los Angeles 
Houston 

1972 Study of emissions from 1,020 1966-1972 Chicago 1972-1975 CVS FTP, evapora- 
light-duty vehicles in St. Louis tive emissions 
6 citIes Denver 

Washington 
Los Angeles 
Houston 

1973 AcquIsition of diesel 10 1970-1973 San Antonio Chassis dynamometer version 
truck operational of 1970 FTP, over-the-road 
parameters and testing 
emissions 

Study of emissions from 1,060 1967-1974 Detroit 1972-1975 CVS FTP, modal 
light-duty vehicles in 6 St. Louis emissions, evaporative 
citIes Denver emissions, loaded vehicle 

Newark tests, air-conditioning tests, 
Los Angeles aldehydes and light HC, 
Houston sound level tests, tIM 

correlation tests 
Mass emissions from 10 1965-1969 San Antonio Chassis dynamometer version 

precontrolled heavy- of 1970 FTP, over-the-road 
duty gasoline-powered testing 
vehicles 

Ambient temperature 26 1967-1975 Bureau of 1975 FTP 
and light-duty vehicle prototype Mines 
emissions 

1974 Study of emissions from 1,966 1965-1975 Chicago 1975 FTP, HWFET, modal, 
light-duty vehicles In Denver key mode, 2 short cycles, 
7 citIes Houston 2 other transient cycles, 

Phoenix aldehydes and light HC 
Washington 
St. Louis 
Los Angeles 

Heavy-duty emission 30 1965-1975 San Antonio Steady state, sinusoidal, 
factor testing program iransient cycles, FTP 
(gas and diesel) 

1975 Study of emissions from 250 1972-1976 To be deter- 1975-FTP, HWFET, modal 
6000- 8500 pound GVW mined 
vehicles 

Study of emissions from 200 1973-1976 To be deter- Proposed FTP, HWFET, 
motorcycles mined modal 

Study of emissions from 2,220 1968-1976 Chicago 1975 FTP, HWFET, modal, 
light-duty vehicles In St. Louis short cycles 
7 citIes Phoenix 

Houston 
Denver 
Washington 
Los Angeles 
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ment 5 of Publication AP-42 (2). The methodology used to analyze these data will be 
discussed later in this paper. 

The federal test procedures associated with heavy-duty vehicles are, at present, 
engine dynamometer exercises at warmed-up steady-state engine speed and load con-
ditions. Unique procedures are applied to the gasoline-fueled and diesel engines and 
are known as the 9- and 13-mode test procedures respectively. The purpose of these 
test procedures was to measure emissions from heavy-duty trucks in all operational 
modes and not necessarily urban emission modes only. As a result, it was expected 
that changes in heavy-duty vehicle standards as measured on these test procedures 
might not reflect actual changes in urban on-the-road emissions. EPA surveillance 
programs have, therefore, tested with other test procedures in addition to the 9- and 
13-mode tests. 

The San Antonio Road Route (SARR) was selected by Southwest Research Institute 
as a characteristic urban road route for trucks. It tends to closely approximate the 
average speed and idle time in the light-duty FTP and has the advantage of measuring 
heavy-duty vehicles during actual operation in urban conditions. Acceleration-
deceleration rates and speeds are not forced. EPA has sponsored surveillance testing 
of trucks on the SARR. In addition, during the past 2 years, EPA has collected a large 
base of heavy-duty truck operational data in preparation for the development of a rep - 
resentative urban transient driving cycle for heavy-duty trucks and buses. Prelimi-
nary subsets of these data have been used to develop different average speed transient 
cycles for trucks. These cycles have been incorporated into the most recent heavy-
duty surveillance programs. Trucks have been tested at different average, speeds and 
different loads in preparation for improvement of the emission factor data presented 
in Publication AP-42. 

NEED FOR DEVELOPMENT OF EMISSION ADJUSTMENT 
FACTORS 

The tabulated emission values in Publication AP-42 represent 1975 FTP emission per-
formance levels for light-duty vehicles, light-duty trucks, and motorcycles. For 
heavy-duty vehicles, table values are SARR estimates for trucks operating in a 
warmed-up condition. Since CO is a localized pollutant, there are situations in which 
AP-42 table values need to be adjusted to more accurately simulate localized conditions. 
This adjustment is necessary because reductions in emissions from precontrolled base 
levels are not independent of operating mode. 

Three examples are given. Table 3 gives the percentage of CO emission reduction 
from a base-line of precontrolled 1966 model-year vehicles as a function of model year-
control system and hot-cold weighting. For reference, the 1975 FTP has a cold trip 
weighting factor of 43 percent as discussed earlier (percentage of trips beginning from 
a cold start). This should not be confused with the percentage of vehicle operating time 
or mileage in a cold condition. 

Table 3 data indicate that, for pre-1975 production vehicles, the percentage reduc-
tion in CO emissions is essentially independent of hot-cold weighting although some in-
dication exists that, for the 1968-1972 model-year vehicles, control was slightly 
greater during hot-start operation (cold transient weighting factor = 0.0) than during 
cold-start operation (cold transient weighting factor = 1.0). The table does not imply 
that absolute emission rates are independent of cold transient weighting factor. 

Advanced emission control systems are not so stable with respect to hot-cold 
weighting. Catalyst systems, lean burn systems, and stratified charge systems pro-
vide greater reductions during hot-start operation than during cold-start operation. 
For example, certification data from 1975 catalyst vehicles indicate a 91 percent re-
duction from 1974 levels during hot-start operation and only a 77 percent reduction 
from 1974 levels for cold-start operation. Diesel and gas turbine engines provide 
slightly greater reductions during cold-start operation than during hot-start operation. 

The percentage reduction in FTP composite CO emissions from precontrolled emis-
sion levels as well as the cold transient, hot transient, and stabilized bag emission 
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reductions is given as a function of ambient temperature in Tables 4 and 5. Reduc-
tions achieved at 75 F (23.9 C) tend to be maximum reductions with the possible excep-
tion of the rotary engine. The differences between Table 3 and Tables 4 and 5 under 
standard FTP conditions are within the measurement uncertainty associated with the 
small sample sizes (25 vehicles) of Tables 4 and 5. Since the same vehicles were 
tested over the range of conditions in Tables 4 and 5, the trends rather than the abso-
lute magnitudes are of major importance. 

An indication of the effect of different average route speeds on CO emission reduc-
tions is given in Table 6; emission reductions increase as average speed increases. 
To reiterate, data in the table do not reflect absolute emission rates as a function of 
average speed but rather the percentage reduction in emissions from base-line levels 
measured over similar operating conditions. 

Clearly, the use of adjustment factors will allow a much more accurate prediction 
of the present emission inventory at a localized site as well as the projected decrease 
in emissions resulting from the implementation of potential control strategies. Many 
localities have projected emission inventory decreases from 1970 to 1975 strictly by 
using the FTP emission factors without correcting for localized conditions. The poten-
tial overestimation of control can be seen by studying Tables 3, 4, 5, and 6. Cirillo, 
Norco, and Woisko (3) support the concept that hot-cold weighted and speed-adjusted 
emission factors are better able to predict changes in ambient air quality than nonad-
justed values. 

CURRENT STATUS OF ADJUSTMENT FACTORS 

Supplement 5 of Publication AP-42 (2) contains light-duty vehicle adjustment factors 
for hot-cold weighting, ambient temperature, and average route speed. A brief de-
scription of the basis for these factors is given. Although Publication AP-42 contains 
some adjustment factors for other than light-duty vehicles, these factors have been 
based on the light-duty vehicle data and associated analysis. 

Hot-Cold Weighting Adjustment Factor 

The adjustment factor can be defined as (desired hot-cold weighting)/(FTP hot-cold 
weighting). The equation can be expressed as 

Adjustment factor = [(percentage of cold operation)(cold grams/mile) 

+ (percentage of hot-start operation)(hot start grams/mile) 

+ (percentage of stabilized operation)(stabilized grams/mile)] 

* [20 percent(cold grams/mile) 

+ 27 percent(hot start grams/mile) 

+ 53 percent(stabilized grams/mile)] 

wCT+xHT+(lOO - x- w)S 
Adjustment factor = 
	20CT + 27HT + 53S 

= w + x(HT/CT) + (100 - x - w)(S/CT) 
20 + 27(HT/CT) + 53(S/CT) 
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Table 3. Percentage CO emission 
reduction as a function of hot-cold 
weighting factors. 

Table 4. Percentage reduction in 1975 
FTP CO emissions as a function of 
ambient temperature. 

Vehicle Description 
Fiscal 
Year 

Cold Transient Weighting 

0 	0.2 	0.43' 

Factor 

0.6 0.8 l0 

1966 models 	. 1972 1.0 1.0 1.0 1.0 1.0 1.0 
1967 models 1972 0.96 0.96 0.96 0.95 0.95 0.95 

1973 1.16 1.14 1.13 1.12 1.11 1.11 
1988 models 1972 0.66 0.67 0.68 0.68 0.69 0.69 

1973 0.74 0.76 0.78 0.79 0.81 0.82 
1969 models 1972 0.60 0.63 0.65 0.67 0.69 0.70 

1973 0.67 0.69 0.71 0.72 0.73 0.75 
1970 models 1972 0.51 0.53 0.56 0.57 0.59 0.60 

1973 0.63 0.66 0.68 0.70 0.71 0.73 
1971 models 1972 0.52 0.53 0.53 0.54 0.55 0.55 

1973 0.51 0.52 0.54 0.55 0.56 0.57 
1972 models 1972 0.37 0.38 0.39 0.39 0.40 0.40 

1873 0.59 0.59 0.59 0.60 0.60 0.60 
1973 models 1973 0.49 0.49 0.49 0.49 0.49 0.49 
1974 models 1973 0.38 0.38 0.38 0.38 0.38 0.38 
1975 models noncatalyet 0.085 0.090 0.096 0.099 0.103 0.107 
1975 models catalyst 0.035 0.047 0.060 0.068 0.078 0.086 

Production diesels 0.016 0.016 0.015 0.014 0.014 0.013 
Multiple caialyst 0.017 0.021 0.026 0.029 0.032 0.035 
Stratified charge 0.020 0.025 0.029 0.032 0.035 0.038 
Lean burn 0.027 0.029 0.031 0.033 0.035 0.036 
Turbine 0.046 0.044 0.041 0.040 0.038 0.038 

Note: 	Emissions normaliced to 1966 models tested in fiscal year 1972. Table is based on surveillance data, 
certificatIon data, and EPA prototype vehicle test dam. 
FTP. 

Vehicle 	 20 F 50 F 75 F 110 F 

1967 1.0 1.0 1.0 1.0 
1969-1970 0.53 0.43 0.39 0.39 
1871-1972 0.57 0.46 0.38 0.45 
1973.1974 0.54 - 0.38 0.51 
Calalyat prototype 0.20 0.12 0.05 0.05 
Rotary 0.12 - 0.16 0.20 
Diesel 0.01 0.01 0.01 0.01 
Proco (stratified 

charge) 0.01 0.005 0.005 0.005 

Note: Normalized emission rate, 11967 model.year vehicles used as 
baseline salad. Data are based on 21 vehicles discussed in another 
report (i,). IOo P .321/1.8 • deg C. 

Table 5. Percentage reduction in 1975 bag data CO emissions as a function of ambient temperature. 

Vehicle 	 CT 	HT' 	5 	CT 	HT 	S 	CT 	HT 	S 	CT 	HT 	S 

1967 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
1969-1970 0.72 0.40 0.39 0.57 0.37 0.33 0.57 0.38 0.31 0.38 0.49 0.35 
1971-1972 0.76 0.29 0.30 0.68' 0.23 0.25 0.44 0.26 0.20 0.33 0.43 0.35 
1973-1974 0.76 0.63 0.54 - - - 0.50 0.55 0.45 0.54 0.73 0.68 
Catalyst prototype 0.43 0.06 0.01 0.29 0.05 0.01 0.10 0.06 0.01 0.08 0.10 0.01 
Rotary 0.12 0.28 0.06 - - - 0.15 0.32 0.10 0.22 0.33 0.13 
Diesel 0.01 0.02 0.02 0.006 0.02 0.01 0.009 0.01 0.01 0.01 0.01 0.00 
proco (stratified 

charge) 0.03 0.004 0.002 0.01 0.002 	' 0.001 0.01 0.001 0.002 0.008 0.001 0.00 

Note: Normalized emission rates 11967 tnadel.year vehicles used as baseline ueluel. Date based on data from 20 vehicles discussed in another report ll. IDeg P .321/1.8 - 
deg C. 

Celd transient bag emissions. 	eliot transient bag emissions. 	'Stabilized bag emissions 

	

Table 6. Effect of average route speeds 	Vehicle 
	

5mph 	15mph 	25mph 	35 mplt 	45mph 
.-,.Ci,'rn ere•i..n•ere 

1957-1967 	1.00 	1.00 	1.00 	1.00 	1.00 
1968 	1.13 	1.07 	0.93 	0.84 	0.77 
1969 	1.31 	1.11 	0.89 	0.73 	0.64 
1970 	1.52 	1.12 	0.89 	0.71 	0.61 
1971 	1.53 	1.11 	0.89 	0.71 	0.61 

Note: Values are ratios of Publication AP.42 Ill speed adjustment factors for the 
year of interest to spnrd adjustment factors for the 1957.1967 base level. 1 mph - 1.6 
her/Is. 
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where 

w = percentage of cold operation, 
x = percentage of hot-start operation, 

CT = cold grams/mile, 
HT = hot-start grams/mile, and 

S = stabilized grams/mile. 

Surveillance and prototype vehicle data were examined to determine whether HT/CT 
and S/CT were dependent on vehicle model year or ambient temperature or both. The 
results indicated that model-year differences were not apparent before 1975, but cata-
lyst vehicles were significantly different from noncatalyst vehicles. Temperature ef-
fects were similar for all noncatalyst vehicles but different from the catalyst tempera-
ture relations. For noncatalyst (pre-1975) vehicles, HT/CT and S/CT functions were 
identical. Linear regressions were performed on HT/CT and S/CT as a function of 
temperature (only 3 discrete temperature points were available) for the catalyst and 
noncatalyst cars. The results are given below for CO: 

Car 	 Result 

Noncatalyst HT/CT 	0.0045T + 0.02 
Catalyst HT/CT 	e(0036T414) 
Catalyst S/CT 	e(0.035T542) 

The hot-cold weighting adjustment factor can be applied to Publication AP-42 table 
values as an independent factor only at 75 F (23.9 Q. At other temperatures, the am-
bient temperature adjustment factor must be applied in conjunction with the hot-cold 
weighting factor so that the table values are adjusted to the FTP weighting at a given 
temperature before the weighting is changed. The hot-cold weighting factor has not 
yet been determined for other advanced emission control technologies. 

Ambient Temperature Adjustment Factor 

The ambient temperature adjustment factor can be defined as (FTP at T deg)/(FTP at 
75 deg). Surveillance data and prototype catalyst vehicle data were examined to deter-
mine the temperature relation given above. Linear regression analysis indicated that 
pre-1975 vehicles had a different relation from prototype catalyst vehicles. The re-
sults are given below for CO: 

Car 	 Result 

Noncatalyst 	-0.0127T + 1.95 
Catalyst 	-0.0743T + 6.58 

No attempt was made to constrain the product of the hot-cold weighting factor and the 
temperature factor to a constant for the case of 100 percent stabilized operation. In ad-
dition, higher order regression was not attempted since correlation coefficients were 
above 0.9. The collection of additional data will allow these refinements to be evaluated; 
however, analysis of the present data base is limited by the existence of only 3 discrete 
temperature points. The ambient temperature adjustment factor has not been calculated 
for other advanced emission control technologies. 
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Average Route Speed Adjustment Factor 

Using a large data base of modal emission data (5 steady-state modes and 32 
acceleration-deceleration modes), EPA has developed a mathematical model that has 
the capability to calculate mass emissions of carbon monoxide (also hydrocarbons, ni-
trogen oxides, and fuel economy) emitted by vehicles during any specified driving se-
quence (4). This model provided the analytical tool for the development of speed ad-
justment factors. Urban driving data were processed to generate a large number of 
typical driving sequences with average speeds between 15 and 45 mph (24 and 72 km/h). 
These driving sequences were input into the mathematical model and predicted emis-
sions were obtained. The predicted emissions were regressed against average speed 
by model-year vehicle and normalized to emissions at 19.6 mph (31.4 km/h). The CO 
relations for low altitude cities are given below where the general form of the adjust-
ment factor is e(AsH2). 

Vehicle A B(x 10) C(x 10) 

1957-1967 0.967 -6.07 5.78 
1968 1.047 -6.52 6.01 
1969 1.259 -7.72 6.60 
1970 1.267 -7.72 6.40 
1971 1.241 -7.52 6.09 

The current form of the regression model cannot be extrapolated below 15 mph (24 
km/h) and can safely be extrapolated only to about 50 mph (80 km/h) on the high speed 
end. Supplement 5 (2) does provide discrete factors for idle, 5 mph (8 km/h), and 10 
mph (16 km/h). A continuous model with speeds between 0 and 60 mph (97 km/h) is 
under development as is the inclusion of data for later model-year vehicles. 

SENSITWITY OF EMISSION PREDICTION 

An understanding of the sensitivity of emission inventory calculations as a function of 
changes in various input parameters is of key importance for 2 reasons. First, such 
an analysis provides insight into which input parameters are most important to deter-
mine accurately. Second, such an analysis allows a policy maker to understand the un-
certainty range and error implications associated with decision making. This section 
of the paper attempts to quantify the potential impacts of various parameters on the 
composite light-duty emission factor for calendar years 1980, 1985, and 1990. The 
following input parameters are considered: 

Adjustment factors. The 3 adjustment factors described earlier are considered. 
Ranges for each factor are included along with interactive cases and the base case (case 
1) represented by the 1975 FTP. 

Growth rate. Growth rate has long been recognized as a problem input param-
eter. A base-case growth of 1 percent/year has been assumed for the purpose of esti-
mating localized urban CO emissions. A low growth rate reflects the already congested 
urban situation. 

Emission deterioration. The ability to predict future emission rates, long rec-
ognized as a model input problem., is dependent on a knowledge of emission standards 
and a knowledge of vehicle deterioration as a function of age and mileage. In this analy-
sis, it is assumed that statutory CO emission standards will be introduced in 1978. 
However, deterioration rates are varied from the present estimates in Publication AP-
42 (2) of 5 and 10 percent/year for noncatalyst and catalyst vehicles respectively to 
rates as high as 30 and 40 percent/year. This calculation has been included since the 
accurate definition of deterioration has been difficult and has been the subject of con-
siderable EPA analysis. 
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Table 7 gives a description of the 15 cases examined in the sensitivity study. An 
attempt was made to include a variety of localized scenarios as well as growth rate 
and deterioration rate changes. Table 8 gives a summary of the results. Although 
growth rate and deterioration (future emission factors) have long been recognized as 
critical to model prediction, data in Table 7 indicate that both absolute emission read-
ings and percentage reduction of emissions over the projection period are highly de-
pendent on the specific set of adjustment factors used. The presence of low ambient 
temperature with cold vehicle operation results in maximum emission and emission 
reduction differences from base-case conditions. Thus, the use of adjustment factors 
is as critical to accurate projections as are factors such as growth rate and emissions 
from future emission control technologies. 

FUTURE WORK AREAS 

Analyses such as those presented in this paper indicate the need to continue to refine 
the emissionfactor estimates in Publication AP-42. Refinement includes updating pro-
jections of FTP emissions as a function of vehicle age for each mobile source category 
as well as developing adjustment factors. This section highlights those areas that are 
currently undergoing refinement and those areas that are planned for the near future. 

Table 7. Description of cases for sensitivity study. 

Case 

No. Description 
Temperature
(F) 

Hot-Cold Weighting 
-  

CT' 	HT 	S 
Speed 
(mph) 

Growth Rate 
(percent/year) 

Deterioration 

Catatyst 

(percent/year) 

Noncatalyst 

I Urban average 75 20 27 53 20 1 10 5 
2 Morning rash haar 80 0 0 100 20 1 10 5 
3 Atter000n rush hoar 80 100 0 0 20 1 10 5 
4 Urban average 20 20 0 80 20 1 10 5 
5 Urban average 40 20 0 80 20 1 10 5 
6 intersection 80 20 0 80 5 1 10 5 
7 Highway link 80 0 0 100 45 1 10 5 
8 Parking lot 20 100 0 0 5 1 10 5 

S intersection 20 20 0 80 5 t 10 5 
10 Urban average 75 20 27 53 20 1 20 10 
11 Urban average 75 20 27 53 20 1 30 20 
12 Urban average 75 20 27 53 20 1 40 20 
13 Urban average 75 20 27 52 20 0 10 
14 Urban average 75 20 27 53 20 2 10 5 
15 Urban average 75 	. 20 27 53 20 4 10 5 

Nnte IDes F. 321/1.8 - den C. 1 nrph - 1.6 krnTh. 

CnId transient 	°Hnt transient. 	'Stabilized 

Table 8. Light-duty vehicle CO emission rate and percentage reduction sensitivity to input 

parameters. 

1972 	 1980 	 1985 	 1990 

Case 
Number 

Emission 
RateS  
)g/mile) 

Reduction' 
(percent) 

Emission 
Rate 
)g/mile( 

Redaction' 
(percent) 

Emission 
Rate 
(g/mite) 

Redaction' 
(percent) 

Emission 
Rate' 
)g/mile) 

Redaction' 
(percent) 

1 69.3 0 24.5 65 8.78 87 4.68 93 

2 47.8 0 14.0 71 3.19 93 0.79 98 

3 	. 125.7 0 56.3 55 16.5 87 9.12 93 

4 115.1 0 59.0 49 32.1 72 22.8 80 

5 97.8 0 45.7 53 23.0 70 15.7 86 

6 204.8 0 80.8 61 24.8 88 10.3 95 

7 24.0 0 6.0 75 1.31 95 0.32 99 

8 1291.0 0 989.5 23 620.4 52 462.2 64 

9 371.9 0 240.8 35 135.8 63 96.4 74 

10 69.3 0 30.5 56 11.5 83 6.12 91 

11 69.3 0 40.9 41 15.3 78 7.44 89 

12 69.3 0 42.2 39 17.1 75 8.76 87 

13 69.3 0 22.7 67 7.70 89 3.90 94 

14 69.3 0 26.6 62 9.93 86 5.58 92 

15 69.3 0 31.1 55 12.9 81 7.92 89 

Nnte: Data based on application of Supplement 5 5) emission factors and adjustment factors. 1 9/rn .0.691kw. 

Adjusted to include growth so that base mileage can be considered constant. 	'Cnmpated from 1972 base year 
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Light-Duty Vehicle Speed Adjustment Factors 

Work is ongoing to. develop a continuous adjustment factor to span the range from idle 
to 60 mph (96 km/h) as a function of the model-year and emission control system. The 
adjustment factors for precontrolled through 1975 model-year vehicles are projected 
to be completed by July 1976. Publication AP-42 currently assumes post-1971 model-
year vehicles have the same speed adjustment factors as 1971 models. 

Light-Duty Vehicle Temperature and Hot-Cold Weighting 
Adjustment Factors 

Work is scheduled to begin in fiscal year 1976 to expand the data in Publication AP-42, 
Supplement 5. Temperature ranges will be expanded to include 0 to 100 F (17.8 to 
37.8 C) as well as advanced emission control technology vehicles. Continuous emission 
trace analysis will be employed to more accurately define the time after vehicle start-
up at which emissions stabilize, the effect of soak time on vehicle start-up emissions, 
the effect of vehicle soak time on vehicle emission stabilization, and the effect of dif-
ferent driving cycles on emission stabilization time. Completion of this project is es-
timated to be December 1976; there may be intermediate outputs. Final results are 
projected to include soak time correction factors. 

Interaction of Light-Duty Vehicle Adjustment Factors 

Data are currently being collected on 1968-1975 model-year vehicles to verify that the 
existing adjustment factors are independent. For example, the assumption that emis-
sions from vehicles operating during a 5-mph (8-km/h) cold driving sequence can be 
calculated by multiplying a 5-mph speed factor by a 100 percent cold factor will be 
checked. Corrections will be developed as needed. This work is scheduled for com-
pletion July 1976. 

Light-Duty Vehicle Road Grade Adjustment Factor 

In adjustments for highway ramp situations, road grade is often of importance. A 
small work effort will be undertaken in fiscal year 1976 or 1977 to investigate this ef-
fect. An adjustment factor is projected by December 1976. 

Light-Duty Vehicle Load Adjustment Factor 

Data have been collected on a sample of pre-1975 model-year vehicles at 3 load con-
ditions. These data will be developed into an adjustment factor by July 1976. 

Light-Duty Vehicle Emission Update 

Data are currently being collected in 7 U.S. cities on 1968-1975 model-year vehicles 
to update the FTP emission rates in Publication AP-42. Analysis work will continue 
to update deterioration estimates as well as examine whether deterioration with age 
and mileage varies as a function of driving sequence. A follow-on test program is 
scheduled to begin in January 1976 to continue testing 1970-1975 vehicles as well as 
1976 model-year vehicles. Diesel light-duty vehicles will also be tested. 

Light-Duty Truck Emission Update 

Data will be collected on 1972-1976 model-year 16,000 to 8,500 lb (2722 to 3856 kg) 
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GVW] light-duty trucks. These data will allow light truck emissions to be updated as 
a function of age and mileage. In addition, speed adjustment factors will be calculated 
for trucks as heavy as 8,500 lb (3856 kg) GVW. Publication AP-42 currently assumes 
that light-duty vehicle speed adjustment factors are appropriate. This data base will 
also be used to check the applicability of light-duty vehicle hot-cold weighting adjust-
ment factors to trucks as heavy as 8,500 lb (3856 kg) GVW. Completion date is esti-
mated to be December 1976. 

Motorcycle Emission Update 

Data will be collected on 1973 -1976 model-year motorcycles. These data will allow 
motorcycle emissions to be updated as a function of age and mileage. In addition, 
speed adjustment factors and hot-cold weighting adjustment factors will be calculated. 
Publication AP-42 currently assumes light-duty vehicle adjustment factors are appro-
priate. Completion date is estimated to be December 1976. 

Heavy-Duty Vehicle Speed Adjustment Factors 

Data are being collected on both heavy-duty gasoline and diesel trucks for a variety of 
different speed driving sequences. These data will be developed into equational speed 
adjustment factors by fuel type and emission control system. Work should be com-
pleted by July 1976. Publication AP-42 currently assumes light-duty gasoline speed 
adjustment factors apply to heavy gasoline trucks. It now provides diesel speed ad-
justment factors by using a modal interpretation of the 13 -mode engine test. 

Heavy-Duty Vehicle Load Adjustment Factors 

Data are being collected on both gasoline and diesel trucks for 3 load conditions at 
many different average speeds. These data will be developed into equational load ad-
justment factors (probably as a function of speed) by fuel type and emission control sys-
tem. Work should be completed by July 1976. 

Heavy-Duty Emission Update 

The data base referenced above will approximately double the surveillance data on 
heavy-duty vehicles. These data will be used to update the basic heavy-duty emission 
factors in Publication AP-42. Work is projected to be completed by July 1976. 

Light-Duty Vehicle Inspection and Maintenance Update 

Inspection and maintenance were not included in the sensitivity study since present in-
house data analyses indicate that the maximum potential effectiveness of inspection and 
maintenance depends on the specific implemented program and the capability of the ser-
vice industry rather than the model-year vehicle-emission control system-localized 
operational situation. A large-scale pilot program is planned for fiscal years 1976-
1977 to assess the effectiveness of inspection and maintenance as a function of each 
of the parameters discussed above. Analysis will not be complete for some time. 
An assessment of the mandatory, but nonenforced, Chicago inspection and maintenance 
program is planned for January 1976. 



188 

Development of a Computerized Version of Publication AP-42 
Mobile Source Emission Factors 

As the complexity of the mobile source emission factors increases, the job of calculat-
ing a composite mobile source emission factor for a given calendar year is difficult 
even after the accumulation of input data is completed. At the present time, such cal-
culations are time consuming to complete by hand or with small desk calculators; 
Future refinements to the emission factors will increase the problem. EPA is de-
veloping a computerized version of Publication AP-42 that attempts to be general. The 
user will be able to input any specified set of operational conditions. Growth rates, 
mobile source category mix, and distribution of vehicles by age can be changed easily 
in the input data files. EPA intends to keep this program current with the available 
supplements and to provide it to interested users. Users would have the option of using 
national or selected regional inputs or both on growth and vehicle distribution or of 
modifying input files. Work on this project is under way, but it is not projected to be 
completed until July 1976. At that time, a reference document along with instructions 
for obtaining the program will be made available. 

CONCLUSIONS 

Available air quality models provide a tool for projecting future ambient air quality 
levels from a knowledge of present ambient air quality levels and present source emis-
sion levels. Because of the localized nature of carbon monoxide problems, it is ex-
tremely important to isolate the conditions that result in hot spots in order that future 
projections will indeed predict worst case situations. The analyses presented in this 
paper strongly support the fact that carbon monoxide projections based on average ur-
ban conditions may grossly underestimate or grossly overestimate absolute emission 
levels or percentage changes in emission levels from a base year of interest. 

EPA has expanded and is planning continued expansion of mobile source adjustment 
factors. These adjustment factors provide a method to obtain localized emission fac-
tors from federal test procedure or average urban emission factors (federal test pro-
cedure emission factors tend to better estimate areawide pollutant impact). In addi-
tion, EPA will continue to improve its average urban emission factors as a function 
of vehicle age and mileage for each mobile source category and major emission con-
trol technology within each category. Although there is no set time for publication of 
mobile source updates, they will be published when major new data become available, 
approximately once per year. The projected publication date of the next supplement 
is July 1976. 

The increasing complexity of mobile source emission factors places 2 burdens on 
the users of these data. First, the data are difficult and time consuming to manipulate 
computationally. EPA hopes to alleviate this problem by computerizing the mobile 
source portions of Publication AP-42 and providing this capability to users. Second, 
the available input data needed to take full advantage of the adjustment factors are not 
always readily available. 

Whenever possible, localized data on growth rates, vehicle mix, and vehicle age 
distribution should be obtained from traffic surveys. Data on ambient temperature 
can be obtained easily from airport monitors, and localized effects on any given day 
can be expected to be small. Data on average speed are also reasonably easy to obtain. 
Such data can be obtained by timing probe vehicles as they traverse the localized area 
of interest. Hot-cold weighting estimates (and load factor estimates when they are in-
cluded) are the most difficult inputs to obtain. In cases where they caimot be obtained, 
it is recommended that a range of values be examined with a worst case estimate in-
cluded. 
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SUMMARY 

Ambient air quality modeling of carbon monoxide is dependent on accurate mobile 
source emission factors. The paper examines the sensitivity of emission factor pro-
jections to input parameters such as ambient temperature, hot-cold weighting, average 
route speed, vehicle deterioration, and growth rate. The ability to estimate cold ve-
hicle operation at low ambient temperature is as important to localized emission pre-
diction as is the estimation of growth rates and emissions from future emission control 
technology vehicles. Analysis of existing data indicates that localized emission factors 
are needed since projected reductions in emissions from base-line levels are not inde-
pendent of vehicle operating mode. Present emission factors and planned refinements 
to EPA Publication AP-42 are discussed. 
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