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Public Transportation: Solving the Commuting Problem?

PHILIP N. FULTON

In this paper journey-to-work data from the 1980 census are used to provide a
perspective on how well public transportation is coping with the increasing
spatial complexity of metropolitan communities. The data show that about 6
percent of all workers in the United States used some form of public transpor-
tation to commute to work. Most commuter use of public transit occurred

in the Northeast. Transit use among workers was lowest in the South. About
67 percent of all workers who used public transportation lived in the central
city of a metropolitan area. The number of workers who use public transpor-
tation to commute to work in the United States dropped by about 487,000
between 1970 and 1980—a decline of approximately 7 percent. Significant
declines in transit use occurred in each region except the West. The Northeast
experienced the most drastic decline—about 596,000 workers or 17 percent.
In contrast, about 378,000 more workers used public transportation in the
West in 1980 than in 1970, an increase of 67 percent. The decline in com-
muter use of public transportation is closely associated with the movement of
people and jobs to places where public transportation is not available or easily
accessible. The continued shift of the population from the North to the South
and West means that the public transportation market is moving from regions
that have the most transit service to regions that have the least. Furthermore,
the nonmetropolitan sector of the country, where public transit is virtually
nonexistent, is growing faster than metropolitan areas. Finally, in recent years
within metropolitan areas, the suburbs have far surpassed the central cities in
population growth, Many large central cities, where transit is concentrated,
have experienced losses of population. In addition, increasing suburbanization
of employment and population has resulted in a predominance of lateral com-
muting in large metropolitan areas—intersuburban work trips for which public
transportation is not well acclimated.

Advances in transportation technology have played an
integral part in the growth of U.S. cities. During
the last half of the 19th century, the horse-drawn
street railway allowed dense industrial cities to
expand their radius of urban settlement into previ-
ously inaccessible territory. The spatial growth of
urban centers was further accelerated by the appear-
ance of the electric street railway in the 1890s.
The streetcar increased the commuting distance from
the commercial and industrial core of the city dra-
matically. More and more new residences were built
in outlying areas, and industries cramped for space
in the central business district found relocation to
the city's periphery to be an attractive alternative
to the congestion that surrounded them.

The appearance of the automobile around the turn
of the century marked the evolution from city growth
to metropolitan development. In 1900 about 8,000
cars were registered in the United States. By 1925
that number had risen to more than 17 million. The
speed and flexibility of the automobile, coupled
with the construction of roads and highways to ac-
commodate it, dramatically altered the spatial scale
of urban regions through increased accessibility.
Deconcentration, both in terms of suburban popula-
tion growth and the relocation of industries outside
the urban center, has typified most of this century,
especially the period since World War II. Today the
benefits of close urban association no longer depend
on proximity but on the automobile, the telephone,
and the computer. Advances in personal transporta-
tion and communication technology have given rise to
the sprawling, postindustrial metropolitan community.

Data from the 1980 census are used to provide a
perspective on how well mass transit is coping with
the complexity of large metropolitan areas. Trends
in commuting patterns are examined and analyzed in
the context of changes in population distribution
and the location of employment.

Data from the decennial census on means of trans-
portation to work refer to the principal mode of
travel that the respondent usually used to get from

home to work during the week before enumeration.
Persons who used different means of transportation
on different days of the week were asked to specify
the one they used most often. Persons who used more
than one means of transportation to get to work each
day were asked to report the one used for the long-
est distance during the work trip. Census data do
not reflect total transit ridership or total trips.

COMMUTER USE OF PUBLIC TRANSPORTATION IN
UNITED STATES

Final results from the decennial census indicate
that 6 million people, (about 6 percent of all work-
ers in the United States) used some form of public
transportation to get to work in 1980 [Table 1
(1)]. The majority of Americans (about 84 percent)
used a car, truck, or van. Almost two-thirds of all
workers drove to work alone and approximately 20
percent rode in carpools.

Most commuter use of public transportation oc-
curred in the Northeast, where transit is most
widely available [Table 2 (1)]. BAbout 14 percent of
all workers in that region in 1980 used public
transportation compared with about 5 percent of the
workers in both the North Central region and the
West and about 3 percent of the workers 1living in
the South.

The extent to which public transportation is con-
centrated in the Northeast is further emphasized by
examining the propodrtion of the nation's transit use
that is attributable to each region. Table 2 demon-
strates that nearly half of all commuter use of pub-
lic transportation occurred in the Northeast. Actu-
ally the Northeast accounted for more than twice as
much transit use as the North Central States and the
South and about three times that of the West. Al-
though the West accounted for a smaller proportion
of the nation's public transportation users than the
South, the rate of transit use was significantly
higher in the West. The ratio of the South's share
of all public transit riders to its share of the
total work force (0.51) indicates that it had the
lowest rate of transit use among the four regions.

Public trasportation is also used predominantly
by workers who live in the central cities of metro-
politan areas [Table 3 (1)]. About 67 percent of
the workers who used public transit in 1980 lived in
a central city of a standard metropolitan statis-
tical area (SMSA), 30 percent of all transit users
lived in the suburbs of an SMSA, and only about 3
percent of the workers who used public transporta-

Table 1. Principal means of transportation to work, 1980.

Number

Means of Transportation (000s) Percent
All workers 96,617 100.0
Car, truck, or van 81,258 84.1

Drive alone 62,193 64.4

Carpool 19,065 19.7
Public transportation® 6,175 6.4
Walked only 5,413 5.6
Other means 1,591 1.6
Worked at home 2,180 23

Note: Column totals may differ due to rounding. Workers
are 16 years and older.

aCalegory includes bus or streetcar, subway or elevated,
railroad, and taxicab.
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Table 2. Workers using public transportation by region, 1980.
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All Workers

in United States

Workers Using Public Transportation®

Ratio of Percentage
of U.S. Public
Transportation Users

Number Number rercentage Percentage to Percentage ot
Region (000s) Percent (000s) of All Workers of U.S. Total U.S. Workers
Northeast 20,922 21.7 2,973 14.2 48.1 222
North Central 24,936 25.8 1,222 4.9 19.8 0.77
South 31,742 32.9 1,036 3.3 16.8 nsi
West 19,018 19.7 945 5.0 1573 0.78
United States 96,618 100.0 6,176 6.4 100.0 1.00

Note: Column totals may differ due to rounding. Workers are 16 years and older.

aCalcguuy Includes bus ur streetedr, subway or elevated, rallroad, and wixteab,

Tabie 3. Workers using pubiic transportation by type of residence, 1980.

All Workers Using Inside SMSAs

Public

Transportation® Total Inside Central Cities QOutside Central Cities Outside SMSAs

Number Number Number Number Number
Region (00Vs) Percent (000s) Percent (000s) Percent (000s) Percent (000s) Percent
Northeast 2,973 100.0 2,936 98.8 2;133 71.8 803 27.0 36 1.2
North Central 1,222 100.0 1,189 97.3 818 66.9 372 30.4 33 2.7
South 1,036 100.0 963 93.0 643 62.1 320 30.9 73 7.0
West 945 100.0 909 96.2 563 59.6 345 36.6 36 3.8
United States 6,175 100.0 5.997 97.1 4,157 67.3 1,840 29.8 178 2.9
Note: Column totals may differ due to rounding. Workers are 16 years and older.
aCategory includes bus or streetcar, subway or elevated, railroad, and taxicab.
tion lived in nonmetropolitan territory. Transit transit maintained its share of the region's com-

use was notably higner than the national average in
the central cities of the Northeast (72 percent), in
the suburbs of the West (37 percent), and in the
nonmetropolitan sector of the South (7 percent).

CHANGE IN COMMUTER USE OF PUBLIC TRANSPORTATION:
1970 TO 1980

Table 4 (1-4) presents changes in the use of public
transportation that have taken place between 1970
and 1980 in the United States, the four regions, and
in each SMSA that has a population of 1 million or
more. The number of workers using public transpor-
tation to get to work dropped by about 487,000 be-
tween 1970 and 1980--a decline of approximately 7
percent. In 1970 about 9 percent of all workers
used public transit compared with about 6 percent in
1980.

Significant declines in transit use occurred in
each region except the West. The Northeast had the
most drastic decline--about 596,000 workers or 17
percent. Use of public transportation declined by
about 13 percent in the North Central region and by
7 percent in the South. In marked contrast with the
other regions, commuter use of transit increased
substantially in the West during the decade. About
378,000 more workers used public transportation in
the West in 1980 than in 1970--an increase of 67
percent.

Public transit use in all of the large metropol-
itan areas in the Northeast declined between 1970
and 1980; in most cases quite substantially. The
largest absolute decline (about 355,000 workers) oc-
curred in the New York SMSA. Each of the large
SMSAs in the North Central region also experienced
an absolute decline, with the exception of Minne-
apolis-St. Paul. The number of workers using public
transportation in the Twin Cities area grew by about
24,000--an increase of 36 percent. Furthermore,

muter travel market at about 8.5 percent.

Transit use in the South increased in all but
three of the large SMSAs (Baltimore, Tampa-St.
Petersburg, and New Orleans). Washington, D.C., and
Atlanta showed the largest gains of 38,000 and
17,000 riders, respectively. Yet, in every metro-
politan area that experienced a numerical increase
in public transportation use, the share of the labor
force using transit actually decreased. Commuter
use of public transit declined by 21,000 workers in
the New Orleans SMSA and by about 13,000 workers in
the Baltimore SMSA.

Dramatic increases in public transportation rid-
ership occurred in all the large SMSAs in the West
except San Diego. In San Diego the number of work-
ers uging trancgit increased by 21 percent, but tran-
sit's share of the market declined from 4.3 percent
to 3.3 percent. The two most populous areas, Los
Angeles-Long Beach and San Francisco-Oakland, both
showed healthy increases in transit use, and in six
other areas the number of workers using public

__________ orkers UEing PUBLIC

transportation more than doubled during the decade.

The nation's large SMSAs, taken as a group, ac-
counted for about 81 percent of all commuter use of
public transportation in the United States in 1980
[Table 5 (1)]. New York alone accounted for about
28 percent of the national total; Chicago was a dis-
tant second at about 9 percent. Chicago, in turn,
had more than twice as many commuters using public
transit as the Philadelphia SMSA, the third-ranked
area. The top six SMSAs, ranked on the basis of the
number of workers that use mass transit to get to
work, contained more than half of all transit com-
muters in the United States.

If New York is excluded from the analysis, the
census results show that the number of workers using
public transportation elsewhere in the country
dropped by about 132,000 workers between 1970 and
1980--a decline of approximately 3 percent. Exclud-
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Table 4. Workers using public transportation for regions and SMSAs of 1 million or more, 1980 and 1970.

Number of Workers
Using Public

Change, 1970 to 1980

Percentage of Workers
Using Public

Transportation? (000s) Transportation?
— Number
SMSA by Region 1980 1970 (000s) Percent 1980 1970
Northeast 2,973 3,569 -596 -16.7 142 19.1
New York, N.Y.-N.J, 1,711 2,067 -355 -17.2 45.1 52.5
Philadelphia, Pa.-N.J, 295 383 -108 -28.1 14.0 20.7
Boston, Mass, 204 224 -19 -8.7 15.6 19.7
Nassau-Suffolk, N.Y, 142 145 -3 ~1..7 12.5 15.5
Pittsburgh, Pa. 105 123 -18 -14.9 11.5 14.6
Newark, N.J. 94 143 -49 -34.4 10.7 17.4
Buffalo, N.Y, 33 52 -19 -36.3 6.6 10.5
North Central 1,222 1,409 -187 -13.3 4.9 6.7
Chicago, Il 568 650 -82 -12.6 18.0 23.3
Detroit, Mich. 64 125 61 -49.0 3.7 7.9
St. Louis, Mo.-[ll., 57 71 -14 -19.5 5.7 8.0
Minneapolis-St. Paul, Minn.-Wis. 91 67 24 35.8 8.7 8.5
Cleveland, Ohio 87 107 -20 -18.9 10.6 13.4
Cincinnati, Ohio-Ky.-Ind. 38 42 -4 -8.8 6.5 8.3
Milwaukee, Wis. 49 67 -18 -26.2 T7 12.0
Kansas City, Mo.-Kans. 25 28 -3 -10.1 4.1 54
Indianapolis, Ind. 17 25 -8 -32.9 3.2 5.8
Columbus, Ohio 23 29 -6 -21.9 4.6 7.4
South 1,036 1,117 -82 -71.3 3.3 5.0
Washington, D.C.-Md.-Va. 241 203 38 18.5 15.5 16.3
Dallas-Fort Worth, Tex. 50 50 1 1.4 3.4 5.1
Houston, Tex. 43 42 1 2.4 3.0 5.4
Baltimore, Md. 99 113 -13 -11.8 10.3 13.8
Atlanta, Ga. T2 55 17 304 7.6 8.4
Miami, Fla, 48 46 3 59 6.6 9.1
Tampa-St. Petersburg, Fla, 11 11 b -1.9 1.8 3.0
New Orleans, La. 53 74 -21 -28.4 10.9 20.4
San Antonio, Tex. 21 18 2 11.6 4.6 5.6
Ft. Lauderdale-Hollywood, Fla, 8 5 4 84.7 "2.0 Pl
West 945 567 378 66.6 5.0 4.6
Los Angeles-Long Beach, Calif, 235 154 81 525 #.0 5.6
San Francisco-Oakland, Calif. 256 194 63 32.3 16.4 15.5
Anaheim-Santa Ana-Garden Grove, Calif, 20 2 18 764.6 2.1 0.4
San Diego, Calif. 28 23 & 20.8 3.3 4.3
Denver-Boulder, Colo. 50 22 28 129.2 6.1 4.4
Seattle-Everett, Wash. 74 38 36 94 .4 9.6 7.
Riverside-San Bernardino-Ontario, Calif. 6 3 2 64.5 0.9 0.9
Phoenix, Ariz. 13 5 9 188.8 2.0 1.3
San Jose, Calif. 20 9 11 118.0 3.1 23
Portland, Oreg.-Wash. 48 23 24 104.3 8.4 6.0
Sacramento, Calif, 15 7 9 124.8 3.5 2.3
United States 6,175 6,662 -487 -1.3 6.4 9.0

Note: Column totals may differ due to rounding. Workers are 16 years and older.

a .
Category includes bus or streetcar, subway or elevated, railroad, and taxicab.
bLess than 500.

ing New York, Philadelphia, and Chicago (SMSAs that
lost a combined total of 545,000 transit commuters
during the decade), the number of workers using pub-
lic transit elsewhere increased by about 57,000
workers from 1970 to 1980--an increase of only about
2 percent. Transit's overall share of the commuter
market with these three SMSAs omitted declined from
5.4 percent in 1970 to 4.1 percent in 1980,

Analysis

The changes that occurred during the decade 1970 to
1980 in the use of public transportation for commut-
ing to work appear to be closely associated with
changes in population distribution, shifts in the
location of employment, and the types of commuting
patterns that result from these spatial modifica-
tions. People and jobs are moving to places where,
historically, public transportation has either not
been available or has not been accessible. Trends
in transit use, in large measure, reflect the extent
to which transit service has adapted to these
changes.

Changes in Population Distribution

The continuing shift of the population from the

North to the South and West means that, as a whole,
the public transportation market is moving from re-
gions of the country that have the most transit ser-
vice to those that have the least [Table 6 (5)].
The population in the West and South grew between
1970 and 1980 by about 24 percent and 20 percent,
respectively; however, in the North Central States
the population grew by only 4 percent and in the
Northeast the population grew by a mere 0.2 per-
cent. Also, from 1970 to 1980 population in the
nonmetropolitan sector of the nation, where public
transit is virtually nonexistent, grew at the ex-
pense of metropolitan areas. The population outside
SMSAs grew by about 15 percent, compared with a 10
percent growth rate within SMSAs. Moreover, large
SMSAs in the South and West, which typically have
less-developed transit systems, grew much faster
than those in the Northeast and North Central re-
gions, where many transit-oriented SMSAs actually
suffered a decrease in their populations.

Changes in population distribution at the local
level appear to have the greatest effect on public
transportation ridership. Within SMSAs suburban
population growth far surpassed that of the central
cities. In the Northeast and North Central regions
central cities lost population and the suburbs grew
moderately. In the South and West rapid suburban



population growth outpaced that of the central cit-
ies. Thus, the population balance moved increas-
ingly away from the metropolitan core, where the
most mass transit service is available, and toward
the suburban fringe, where less public transporta-
tion is provided. Table 7 (1-4) compares the popu-
lation changes that occurred between 1970 and 1980
with changes in commuter use of public transporta-
tion for each SMSA of 1 million or more.

In the Northeast SMSAs public transportation use
declined in both the central cities and suburbs of
every large metropolitan area. Central cities lost

Transportation Research Record 928

a greater proportion of their ridership than did the
suburbs in each SMSA. These trends closely parallel
the demographic shifts that occurred during the de-
cade, with the central cities experiencing a sub-
stantial loss of population. Viewed in this con=-
text, the decline in transit ridership in these
areas is not surprising.

Most of the large SMSAs in the North Central re-
gion exhibited the same pattern as those in the
Northeast; i.e., a decline in public transportation
use in both the central cities and the suburbs.
Again, the decline in transit use in the central

Table 5. Rank of SMSAs of 1 million or more population by number of workers that use public transportation, 1980.

Workers Using Public Transportation®

All Workers Number Percentage of Percentage of

SMSA {C00s) {000s) ANl Worlers 11,8, Total Ranlk
New York, N.Y.-N.J. 3,792 1,711 45.1 27.7 1
Chicago, 111 3,163 568 18.0 92 2
Philadelphia, Pa.-N.J. 1,959 275 14.0 4.5 3
San Francisco-Oakland, Calif, 1,562 256 16.4 4.2 4
Washington, D.C.-Md.-Va. 1,553 241 15.5 3.9 5
Los Angeles-Long Beach, Calif. 3,374 235 7.0 38 6
Boston, Mass. 1,308 204 15.6 33 7
Nassau-Suffolk, N.Y. 1,140 142 12.5 2.3 8
Pittsburgh, Pa, 912 105 I1.s 1.7 9
Balumore, Md. 567 55 10.3 1.0 16
Newark, N.J. 879 94 10.7 1.5 11
Minneapolis-St. Paul, Minn.-Wis. 1,046 91 8.7 1.5 12
Cleveland, Ohio 820 87 10.6 1.4 13
Seattle-Everett, Wash. 776 74 9.6 1.2 14
Atlanta, Ga. 948 72 7.6 1.2 15
Detroit, Mich. 1,710 64 3.7 1.0 16
St. Louis, Mo.-Ill. 1,004 57 5ad 0.9 17
New Orleans, La, 485 53 10.9 0.9 18
Dallas-Fort Worth, Tex. 1,465 50 34 0.8 19
Denver-Boulder, Colo, 809 S0 6.1 0.8 20
Milwaukee, Wis. 642 49 T3 0.8 21
Miami, Fla. 726 48 6.6 0.8 22
Portland, Oreg,-Wash. 568 48 8.4 0.8 23
Houston, Tex. 1,415 43 3.0 0.7 24
Cincinnati, Ohio-Ky.-Ind, 588 38 6.5 0.6 25
Buffalo, N.Y. 500 33 6.6 0.5 26
San Diego, Calif. 855 28 3.3 0.5 27
Kansas City, Mo .-Kans. 618 25 4.1 0.4 28
Columbus, Ohio 488 23 4.6 04 29
San Antonio, Tex. 450 21 4.6 0.3 30
San Jose, Calif. 650 20 3.1 0.3 31
Anaheim-Santa Ana-Garden Grove, Calif, 962 20 2 0.3 32
Indianapolis, Ind. 523 17 3.2 0.3 33
Sacramento, Calif 435 15 3.5 0.2 34
Phoenix, Ariz. 659 13 20 0.2 35
Tampa-St, Petersburg, Fla. 606 11 1.8 0.2 36
Fort Lauderdale-Hollywood, Fla. . 424 8 2.0 0.1 37
Riverside-San Bernardino-Ontario, Calif, 614 6 0.9 0.1 38
All SMSAs of 1 million or more 41,397 4,995 12.1 80.9

Elsewhere 55,220 1,180 2.1 19.1

U.S. Total 96,617 6,175 6.4 100.0

Note: Column totals may differ due to rounding. Workers are 16 years and older.

aCategory includes bus or streetcar, subway or elevated, railroad, and taxicab.

Table 6. Change in workers that use public transportation and change in population for regions by type of residence, 1970 to 1980.

Percentage Change in Population, 1970 to 1980

Inside SMSAs

Percentage Change

in Workers Inside Outside

Using Public Central Central Qutside
Region Transportation® Total Total Cities Cities SMSAs
Northeast -16.7 0.2 -1.9 -10.5 4.3 13.5
North Central -13.3 4.0 2.7 -9.2 12.0 7.4
South -7.3 20.0 214 8.7 32.9 17.1
West 66.6 23,9 22.6 15.3 28.0 30.6
United States -7.3 11.4 10.2 0.1 18.2 15.1

Ancludes bus or streetcar, subway or elevated, railroad, and taxicab,

[
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Table 7. Change in workers that use public transportation and change in population for SMSAs of 1 million or more by region and type of residence, 1970 to 1980.

Number of Change in Workers Number of Change in Workers

Workers Using  Using Public Workers Using  Using Public

Public Trans- Transportation, Percentage Public Trans- Transportation, Percentage

portation? 1970 to 1980 Change in portation® 1970 to 1980 Change in

(000s) Population, (000s) Population,
Number 1970 to Number 1970 to

SMSA 1980 1970 (000s) Percent 1980 SMSA 1980 1970  (000s) Percent 1980

Northeast South (continued)

New York,N.Y-N.J. [,711 2,067 -355 =17.2 -8.6 Houston, Tex. 43 42 1 2.4 45.3
Inside central city 1,597 1,915 -338 -17.6 -104 Inside central city 38 39 -1 -2.4 292
Outside central city 134 152 -18 -11.7 -1.4 Outside central city 5 3 2 723 1.2

Philadelphia, Pa.-N.J, 275 383 . -108 -28.1 -2.2 Baltimore, Md. 99 113 -13 -11.8 5.0
Inside central city 183 274 -91 -33.0 -13.4 Inside central city 75 92 -17 -18.5 -13.1
Outside central city 92 109 -17 -15.8 5.4 Outside central city 24 20 4 18.4 19.1

Boston, Mass. 204 224 -19 -8.7 -4.7 Atlanta, Ga. 72 55 17 30.4 212
Inside central city 84 102 -17 -17.1 -12.2 Inside central city 42 43 -2 -3.7 -14.1
Qutside central city 120 122 -2 =147 -2.6 Outside central city 30 12 18 156.4 45.8

Nassau-Suffolk, N.Y. 142 145 -3 -1.7 2.0 Miami, Fla. 48 46 3 5,9 28.3
Inside central city - - — B —_— Inside central city 21 25 -4 -14.4 3.6
Outside central city 142 145 -3 - 1.7 2.0 Outside central city 27 21 6 29.8 371

Pittsburgh, Pa, 105 123 -18 -14.9 -5.7 Tampa-St. Petersburg, 11 11 . -1.9 44.2
Inside central city 47 55 -9 -15.7 -18.5 Fla,

Outside central city 58 68 -10 -14.3 2.2 Inside central city 7 9 -2 -20.6 2.9

Newark, N.J, 94 143 -49 -34.4 -4.5 Outside central city 4 2 2 755 78.4
Inside central city 28 49 =22 -43.9 -13.8 New Orleans, La. 53 74 =21 -28.4 134
Outside central city 66 94 -27 -294 -2.4 Inside central city 45 64 -19 -29.8 -6.1

Buffalo, N.Y. 33 52 -19 -36.3 -7.9 Outside central city 8 10 -2 -20.0 38.9
Inside central city 22 36 -14 -40.0 -22.7 San Antonio, Tex. 21 18 2 119 20.7
Outside central city 11 16 -5 -28.6 0.2 Inside central city 19 17 2 10.5 20.1

OQutside central city 2 1 S 27.9 224

North Central Fort Lauderdale- 8 5 4 84.7 63.5

Hollywood, Fla.

Chicago, Ill, 568 650 -82 -12.6 1.8 Inside central city 4 3 1 47.8 9.7
Inside central city 386 484 -98 -20.2 -10.8 Outside central city 5 2 3 131.6 99.0
Outside central city 183 167 -16 -9.7 13.6

Detroit, Mich. 64 125 -61 -49.0 -1.9 West
Inside central city 44 98 -54 -55.1 -20.5
Outside central city 20 27 -7 -26.3 7.8 Los Angeles-Long 235 154 81 52.5 6.2

St. Louis, Mo.-Ill, 57 71 -14 -19.5 -2.3 Beach, Calif.

Inside central city 31 48 -16 -34.2 -27.2 Inside central city 156 111 45 40.0 5.0
Outside central city 26 24 2 10.0 6.3 Outside central city 79 43 36 85.0 7.2
Minneapolis-St. Paul, 91 67 24 35.8 7.6 San Francisco- 256 194 63 323 4.6
Minn.-Wis. Oakland, Calif.
Inside central city 59 53 6 10.7 -13.9 Inside central city 160 137 23 16.8 =55
Outside central city 32 13 18 134.7 20.6 Outside central city 97 57 40 69.4 10.0

Cleveland, Ohio 87 107 =20 -18.9 -8.0 Anaheim-Santa Ana- 20 2 18 764.6 359
Inside central city 40 61 =21 -34.3 -23.6 Garden Grove, Calif.

Outside central city 46 45 1 1.9 0.9 Inside central city 7 1 6 738.9 238

Cincinnati, Ohio- 38 42 -4 -8.8 1.0 Qutside central city 13 1 12 778.6 41.4

Ky.-Ind, San Diego, Calif 28 23 5 20.8 371
Inside central city 23 26 -3 -11.3 -15.0 Inside central city 18 16 3 16.6 25.5
Outside central city 15 16 -1 -4.8 8.8 Outside central city 10 8 2 29.2 494

Milwaukee, Wis. 49 67  -18 -26.2 0.5 Denver-Boulder, Colo. 50 22 28 129.2 30.7
Inside central city 39 56 -17 -29.6 -11.3 Inside central city 29 18 11 62.5 9.3
Outside central city 10 11 -1 -8.9 10.8 Outside central city 21 4 17 430.3 599

Kansas City, Mo.-Kans. 25 28 -3 -10.1 4.2 Seattle-Everett, Wash. 74 38 36 94.4 12.8
Inside central city 19 22 -2b -11.2 -11.7 Inside central city 49 33 15 45.8 6.2
Outside central city 6 6 - -6.4 14.6 Outside central city ~ 26 5 21 421.3 26.0

Indianapolis, Ind. 17 25 -8 -32.9 5.0 Riverside-San 6 3 2 64.5 36.7
Inside central city 16 23 -8 -32.7 -4.9 Bernardino-Ontario,

Outside central city 1 2 -1 -36.1 24.5 Calif.

Columbus, Ohio 23 29 -6 -21.9 7.4 Inside central city 2 1 1 48.0 21.4
Inside central city 18 25 -6 -25.7 4.6 Outside central city 3 2 1 77.4 424
Outside central city 4 4 b -0.4 10.6 Phoenix, Ariz. 13 5 9 188.8 553

Inside central city 10 4 6 155.0 30.9

South Outside central city 3 1 3 378.0 92.1

San Jose, Calif. 20 9 11 118.0 21.6

Washington, D.C.-Md.- 241 203 38 18.5 5.2 Inside central city 10 3 7 204.5 384
Va, Outside central city 10 6 4 69.8 8.8
Inside central city 112 126 -14 -11.1 -15.7 Portland, Oreg.-Wash., 48 23 24 104.3 233
Qutside central city 129 7 52 66.9 12.5 Inside central city 27 17 10 59.1 -3.6
Dallas-Forth Worth, 50 50 1 1.4 25:1 Outside central city 21 6 14 2224 39.6
Tex. Sacramento, Calif, 15 7 9 124.8 26.2
Inside central city 44 45 -1 2.9 4.1 Inside central city 6 S 1 14.4 %2
Outside central city 6 4 2 50.2 479 Outside central city 9 2 8 464.1 350

Note: Column totals may differ due to rounding. Workers are 16 years and older.
Ancludes bus or streetcar, subway or elevated, railroad, and taxicab.

bLess than 500.



city appears to be closely associated with a signif-
icant loss of population. The striking exception to
the rule among large SMSAs in the North Central re-
gion (and in the entire northern United States) is
FMinneapulis-St. Paul, where transit use increased by
36 percent between 1970 and 1980. Most of the
growth took place in the suburbs, where the number
of commuters using public transportation more than
doubled (an increase of about 18,000 workers). The
Twin Cities area experienced a sizable growth in its
suburban population, which partly accounts for this
increase in the number of transit users. In addi-
tion, according to planners in the region, the sub-
urbanization was accompanied by an aggressive public
transportation program in that sector. . Frequency
and coverage of transit service within the suburbs
were expanded significantly to give commuters an al-
ternative to their automobiles. Intersuburban
express-bus service was developed, and special tran-
sit programs for the elderly and handicapped were
intrcduced. TFares were alas kept constant through-
out most of the decade to encourage transit rider-
ship; however, the subsidy levels required to main-
tain low fares increased markedly during the 10-year
period.

In the South, with the exception of the San An-
tonio, Ft. Lauderdale-Hollywood, and New Orleans
SMSAs, every large metropolitan area experienced a
decline in transit use in the central city and a

Anrranmandineg {nmvanan fwx e @l e S Bl sl
Corrloponding inCrease in transit use in the sub

urbs. These areas also showed a decline in their
central city populations and growth in the popula-
tion in the suburbs. 1In the Washington, D.C., area,
where the new Metro rail system began operating dur-
ing the decade, a substantial increase of almost
52,000 workers using transit in the suburbs offset
what appears to have been a market-related decrease
in central city ridership. This gave the area an
overall 19 percent rise in use of mass transit by
commuters. Similarly, in the Atlanta area, where
the Metropolitan Atlanta Rapid Transit Authority
(MARTA) brought a large influx of additional sub-
urban bus routes coupled with rail service, suburban
transit use increased more than twofold and commut-
ing by public transportation increased by 30 percent.

In San Antonio, where population increased rap-
idly in both the central city and the suburbs, and
in Ft. Lauderdale-Hollywood, where suburban popula-
tion nearly doubled during the decade, only small
increases in transit use occurred. Other rapidly
growing areas with limited mass transit service--
Dallas-Ft. Worth, Houston, and Tampa-St. Peters-
burg--also showed 1little or no growth in transit
use. In the New Orleans area the population shifted
from the central city to the suburbs, and a decline
in transit use was experienced in both geographic
sectors.

Finally, in the West, where commuter use of pub-
lic transportation increased substantially, each of
the large SMSAs (with the exception of San Jose) ex-
perienced a proportionately greater increase in
transit use in the suburbs than in the central cit-
ies. San Jose, with central city growth due to pop-
ulation increase and annexation, had a higher rate
of transit growth in the central city than in the
suburbs. The changes in the other SMSAs generally
appear to be associated with large increases in sub-
urban population. Additional explanations offered
by planners in the various localities include expan-
sion of bus service in the suburbs in response to
population shifts, modification of routes to accom-
modate changing commuting patterns, higher vehicle
productivity, and readily available funding for sys-
tem development and fare subsidies.

Although they each lost central city population
during the decade, the Denver-Boulder, Seattle-
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Everett, Portland, and San Francisco-0Oakland SMSAs
all showed substantial gains in transit use in the
central city in addition to increases in the sub-
urbs. Even the Los Angeles-Long Beach metropolitan
area, so often maligned for its automobile orienta-
tion, had an increase of about 81,000 workers using
public transportation, which represents an increase
of 53 percent in regionwide transit use during the
decade.

Changes in Location of Employment and
Commuting Patterns

Another factor that is associated with the commuter
use of public transportation is shifts in the loca-
tion of employment. Deconcentration of industry
into the suburbs has continued for most of this cen-
tury, especially since World War II. Suburbaniza-
tion of employment, coupled with an increasingly
large proportion of the population residing outside
central cities, is changing the nature of commuting
patterns within the metropolitan areas of the United
States.

The majority of workers are now lateral commut-—
ers; i.e., they both live and work in the suburbs.
The Census Bureau's last national study of commuting
(6) reported that about 18 million workers lived and
worked in the suburbs, about 16 million lived and
worked within central cities, and about 9 million
lived in the suburbs and commuted to the city to
work. Another 4 million workers were reverse com-
muters, living in the central city and commuting to
a job in the suburbs. Why are these differentials
important? Because most public transportation is
not geared to intersuburban travel. The traditional
function of public transportation has been to move
people within the congestion of the city and to get
suburban residents downtown and back. Table 8 (6)
shows that in 1975 about 16 percent of all workers
who lived and worked within an SMSA central city and
about 10 percent of those who commuted from the sub-
urbs to the city used public transportation to get
to work. 1In contrast, only about 2 percent of the
intersuburban commuters used transit.

Detailed place-of-work data from the 1980 census
are not yet available, but findings from journey-to-
work surveys conducted by the Census Bureau for the
U.S. Department of Transportation during the 1970s
provide evidence of the trends that have occurred in
commuting patterns among the nation's large metro-
politan areas (Tables 9-11). The first two columns
of the tables show that the proportion of workers
who live and work within the central city (those who
have the highest rate of transit use) has decreased
between 1970 and the most recent survey in every

Table 8. Workers in metropolitan commuting flows by public transportation
use, 1975.

Workers Using Public
Transportationd

All Workers Number

Commuting Flow (000s) (000s) Percent
Living in SMSA central cities
Working in central city of same SMSA 16,338 2,674 16.4
Working in same SMSA, outside 3,724 209 5.6

central cities
Living in SMSA outside central cities
Working in central city of same SMSA 8,932 862
Working in same SMSA, outside 18,001 318
central cities

—©
%0

Note: Column totals may differ due to rounding. Workers are 14 years and older.

a . .
Includes bus or streetcar, subway or elevated, railroad, and taxicab,

Iin
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Table 9. Percentage of resident workers in selected commuting flows and percentage of resident workers working outside central cities for selected SMSAs, 1977

and 1970.
SMSA Resident SMSA Resident SMSA Resident
Workers Who Live Workers Who Live Workers Who
and Work Inside and Work Outside Work Outside
Central Cities (%) Central Cities (%) Central Cities (%)
Survey Group? 1977 1970 1977 1970 1977 1970
Los Angeles-Long Beach, Calif, 31.8 33.0 38.9 35.8 50.3 47.4
Detroit, Mich. 17.5 22.4 56.9 48.6 66.7 59.9
Dallas-Forth Worth, Tex.P 38.7 44.0 27.1 25.7 34,3 336
Boston, Mass. 16.1 17:1 56.3 54.3 61.4 59.1
Pittsburgh, Pa. 13.6 112 63.8 57.6 68.2 62.0
Minneapolis-St. Paul, Minn. 23.3 33.5 44.9 32.3 53.3 40.5
Newark, N.J. 6.6 9.7 59.1 55.8 63.0 60.6
Anaheim-Santa Ana-Garden Grove, Calif, 13.2 15.5 40.2 349 52.1 44.5
Phoenix, Ariz. 44.9 53.0 28.5 24.2 38.1 33.0

Notes: Workers 14 years and older.
SMSAGs tisted within survey group by population size,
SMSA definition is as of the 1970 census.

Data are from the Journey-to-Work Supplement to the Annual Housing Survey; various reports; the Census of Population and

Housing, 1970; and Census Tracts series reports.

aA.mong the SMSAs of 1 million or more in 1980, Tampa-St. Petersburg, Ft. Lauderdale-Hollywood, and San Jose were not surveyed,
Alsa, the Nassau-Suffolk SMSA was part of the New York SMSA in 1970, and other SMSAs have changed their definitions since 1970,

bbata for the 1970 Dallas and Fort Worth SMSAs are combined.

Table 10. Percentage of resident workers in selected commuting flows and percentage of resident workers working outside central cities for selected SMSAs, 1976

and 1970.
SMSA Resident SMSA Resident SMSA Resident
Workers Who Live Workers Who Live Workers Who
and Work Inside and Work Outside Work Qutside
Central Cities (%) Central Cities (%) Central Cities (%)
Survey Group? 1976 1970 1976 1970 1976 1970
New York, N.Y. 60.1 62.7 25.8 21.9 28.0 24.3
Houston, Tex. 52.2 57.4 22.9 18.7 29.5 24.4
St. Louis, Mo.-I1l, 14.4 19.2 60.7 52.0 65.6 57.1
Baltimore, Md. 23.8 30.5 42.1 373 51.8 46.9
Cleveland, Ohio 18.4 24.7 45.0 36.5 531 44.0
Denver, Colo. 25.5 35.7 42.9 27.8 49.9 39.4
Seattle-Everett, Wash. 32. 319 36.3 29.2 41.9 34.7
Buffalo, N.Y. 18.6 24.1 54.5 45.9 61.6 54.7
Indianapolis, Ind. $7.S 53.7 18.9 172 23.7 29.4
Sacramento, Calif. 19.9 25.3 47.0 353 54.5 40.8

Notes: Workers 14 years and older.
SMSAs listed within survey group by population size.
SMSA definition is as of the 1970 census.

Data are from the Journey-to-Work Supplement to the Annual Housing Survey; various reports; the Census of Population and

Housing, 1970; and Census Tracts series reports.

nAlnnng the SMSAs of 1 million or more in 1980, Tampa-St. Petersburg, Ft. Lauderdale-Hollywood, and San Jose were not surveyed.
Also, the Nassau-Sulfolk SMSA was part of the New York SMSA in 1970, and other SMSAs have changed their definitions since 1970.

bDaty for the 1970 Dallas and Fort Worth SMSAs are combined.

SMSA except Indianapolis. Conversely, the middle
two columns show that the proportion of workers who
live and work in the suburbs (those who have the
lowest rate of transit use) has increased in each
SMSA except San Bernardino-Riverside-Ontario. The
last two columns of the tables show that in all the
SMSAs except Indianapolis and San Bernardino the
percentage of the area's commuting trips that ends
in the suburbs has increased since 1970. The cen-
tral cities in both of these SMSAs were active in
annexation after 1970, which may affect the compar-
ability of the census and survey data.

Availability Versus Consumer Choice

Preliminary results from the 1980 Annual Housing
Survey add a further perspective on the decline in
commuter use of public transportation. Respondents
who used a car, truck, or van to get to work were
asked to specify the main reason why they did not
use public transportation instead. Their responses
are given in Table 12 (7).

Almost half of those who used a car, truck, or

van said that they did not use public transportation
because it was not available. Only about 13 percent
said that they simply prefer to use their own pri-
vate vehicle. Another group of reasons, including
"Available transit does not go to place of work,"
"Takes too long to get to work,"™ "Time schedule is
not convenient," and "Transit stop is too far from
residence,” provides an indication that the avail-
able public transportation systems are not meeting
the commuters' needs. Taken together, they repre-
sent about 25 percent of the respondents. Thus, in
sum, about 75 percent of all the workers who commute
in a private vehicle did not use public transporta-
tion because it was either not available or it could
not get them to work conveniently. Less than 1 per-
cent of the respondents said that they did not use
public transportation because it was too expensive.

POLICY IMPLICATIONS

Transportation policies should be determined by the
problems and circumstances that are unique to each
locality. The results of the 1980 census highlight
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Table 11. Percentage of resident workers in selected commuting flows and percentage of resident workers working outside central cities for selected SMSAs, 1975

and 1970.
SMSA Resident SMSA Resident- SMSA Resident
Workers Who Live Workers Who Live Workers Who
and Work Inside and Work Outside Work Outside
Central Cities (%) Central Cities (%) Central Cities (%)
Survey Group? 1975 1970 1975 1970 1975 1970
Chicago, Il 34.8 38.2 43.0 38.1 50.0 46.0
Philadelphia, Pa.-N J. 29.4 33.0 51.0 43.9 55.5 48.6
San Francisco-Oakland, Calif. 26.0 29.9 46.6 43.0 513 47.9
Atlanta, Ga. 192 26.3 45.7 36.9 52.1 43.9
San Diego, Calif. 41.5 43.7 32.2 30.9 40.0 38.7
Miami, Fla. 13.7 16.0 54.1 46.6 66.5 58.1
San Bernardino-Riverside-Ontario, Calif, 17.6 17.8 49.7 51.0 56.7 58.8
Cincinnati, Ohio-Ky .-Ind. 20.8 23.8 44.6 38.0 52.1 46.1
Milwaukee, Wis. 34.2 38.7 34.8 30.2 47.2 42.2
Kansas City, Mo.-Kans, 70T 30.%8 38.0 343 439 427
Portland, Oreg.-Wash, 27.2 30.5 39.1 349 45.7 42.2
New Orleans, La. 42.5 47.7 29.3 24.4 35.8 312
Columbus, Ohio 44.3 459 20.7 18.6 30.6 29.4
San Antonio, Tex. 5a.5 02.6 15 iG.5 305 18.3

Notes: Workers 14 years and older.
SMSAs listed within survey group by population size.
SMSA definition is as of the 1970 censne

Data are from the Journey-to-Work Supplement to the Annual Housing Survey; various reports; the Census of Populafion and

Housing, 1970; and Census Tracts series reports.

8Among the SMSAs of 1 million or more in 1980, Tampa-St. Petersburg,

Ft. Lauderdale-Hollywnod, and San Jose were niot surveyed.

Alsa, the Nassou-Suffolk SMSA was part of the New Yark SMSA in 1970, and other SMSAs have changed their definitions since 1970,

BDatn for the 1970 Dallas and Fort Worth SMSAs ure cambined.

Tabie 12. Workers who use car, truck, or van o gei io work by main reason for not using public iransporiaiion and type of residence, 1580
Inside SMSAs
All Workers Inside Outside
Using Car, Central Central Outside
Truck, or Van®  Total Cities Cities SMSAs
Reasons for Not Using (N=75,525 (N=51,900) (N=18,200 (N=33,702 (N=23,623)
Public Transportation (000s) (000s) (000s) (000s) (000s)
Rather use a car, truck, or van 127 16.4 24.8 11.9 4.4
Available transit does not go to place 10.4 133 13.3 13.4 4.0
of work
Takes too long to get to work 5.1 7.2 10.9 5.2 0.6
Time schedule is not convenient 8.4 11.1 15.0 8.9 2.4
Public transportation is not available 49 .4 34.7 15,9 449 81.7
Transit stop is too far from residence 1.2 1.6 1.6 1.6 0.3
Too expensive 0.6 0.6 0.9 0.5 0.4
Need car, truck, or van for work 8.9 10.9 119 10.3 4.5b
Physical or mental impairment 0.2 0.2 0.4 0.1 -
Other reason 342 4.0 53 3.2 1.5

Note: Workers are 14 years and older,

8Excludes workers who did not report their main reason for not using public transportation.

bLess than 0.1 percent.

differences in the demographic changes that mass
transit must cope with in each large metropolitan
area. At the same time, they also point to some
striking similarities.

Areawide population losses during the past decade
have resulted in an overall drop in the potential
transit market in the older, traditionally more-
transit-oriented SMSAs in the Northeast. These
losses have been especially significant in the cen-
tral cities, where most transit service is concen-
trated. Where the population declines have been
smaller or, in some SMSAs, where population has in-
creased slightly in the suburbs, the balance of the
population is shifting outward into areas that have
less transit service. This shift is even more dis-
tinct in large SMSAs of the North Central region,
where more substantial suburban population growth
has taken place.

Transit service in the South has not kept pace
with the rapid population growth that has taken
place in many of the metropeclitan areas. Most of
this growth has taken place in the suburbs. The

suburbs in large metropolitan areas of the West also
accounted for most of the dramatic growth in popula-
tion that has occurred in those areas since 1970.
In the West, however, mass transit has also made
dramatic strides to serve the booming suburban labor
force.

The continuing shift of the population toward
areas that have limited transit service, both at the
regional and local levels, implies a greater reli-
ance on the automobile as an increasingly smaller
proportion of the population has access to conven-
tional public transportation. In order for transit
to maintain or increase its share of the commuter
market, the census results indicate that the geo-
graphic coverage of transit service must be in-
creased, particularly in the rapidly growing metro-
politan areas in the South and West and in the
suburbs of all large SMSAs.

Given the low-density dispersion of residences
and work places, policymakers need to maintain real-
istic expectations cof what public transpeortation can
accomplish in the urban environment in which it ex-
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ists. Public transportation policies should be for-
mulated in coordination with and in anticipation of
demographic trends instead of depending on the al-
teration of such trends to achieve success.

The results of the census underscore the deter-
ministic effect that demographic changes have on the
use of public transportation for commuting to work
in the United States. Planners have long made the
fundamental assumption that mass transit would pro-
vide the ultimate remedy to urban transportation
problems by reshaping urban form and by modifying
consumer behavior. On the contrary, the principal
lesson to be learned from the census is that, for
transit to retain its public, it must better adapt
itself to the changes in urban form and consumer
preference that are taking place around it.

Discussion
Joel Markowitz¥*

Fulton has done a service to the transportation
planning community by carefully amassing the compar-
able 1970 and 1980 U.S. Census commuting data. Only
someone close to the data can make all the needed
adjustments for travel mode categories, worker age
definitions, and metropolitan area boundaries that
changed between the two surveys. Mr. Fulton has
done the job meticulously so that we may now compare
apples with apples. His interpretation of the data,
however, warrants a closer look.

I would have preferred that the public transpor-
tation category be restricted to conventional tran-
sit and not include taxis and that the transit user
share be taken of only those who travel by vehicle
and not include those who walk to work or work at
home. Those two changes would result in a more
policy-relevant definition of the public transit
market and market share, although the resulting sta-
tistics would not be substantially different.

My major objections have to do with the general
approach of the analysis. Data rarely speak for
themselves. They must always be placed in a context
for interpretation, and that interpretation invari-
ably introduces a particular point of view.

In the first place, trends are presented on the
basis of only two points in time. The least likely
case is that a straight 1line connects the two
points. The true curve may be U-shaped, with a low-
point at middecade and an upward trend at the end,
it may be an inverted U that peaked during the
energy crisis and now is accelerating downward, or
it may vary in some inexplicable or cyclical way.
The decennial census is not frequent enough to re-
flect such variation.

A more fundamental problem is that the analysis
was only a sorting procedure that used the standard
census categories of four regions, 38 SMSAs, and
whether the data were for locations inside or out-
side of central cities. The use of standard census
geography may obscure actual patterns of transit
use. The analysis implies that transit service is
spread relatively uniformly across the nation, yet
transit is, was, and will remain a big-city phenome-
non. The question, What portion of all workers in
the nation uses transit? has the same answer as the
question, What portion of the total U.S., land mass
is occupied by urbanized areas. Regional and na-
tional aggregate summary measures are misleading

*Metropolitan Transportation Commission, Berkeley,
California.

when the object of measurement is so spatially con-
centrated.

An illustration of this problem is the continued
emphasis on the total decline in the number of tran-
sit commuters and the decrease in the overall tran-
sit share. Those numbers are indisputably correct,
but not very helpful. Fortunately, Table 4 provides
almost all the data needed to assemble a more useful
picture. Table 13 was derived from Table 4 by di-
viding the number of workers who use public trans-
portation by the percentage of workers who use pub-
lic transportation to estimate the number of total
workers in each year and each geographic division.
The minor differences between Table 13 and other
tables in Fulton's paper are due to rounding in my
procedure.

The U.S. totals (bottom of Table 13) repeat the
paper's main contention of general transit decline
in the country. The top of Table 13 gives a high
level of transit use in metropolitan areas that have
greater than 1 million in population in 1980--81
percent of all transit users and double the national
average of the percentage that use transit (12 ver-
sus 6 percent). More interesting is the breakdown
of the greater than 1 million group in the center of
Table 13. Five metropolitan areas (New York, Phila-
delphia, Newark, Chicago, and Detroit) accounted for
more than 95 percent of the total losses in number
of transit commuters nationwide from 1970 to 1980
(656,000 out of 691,000}, which more than erases the
205,000 gain in transit commuters elsewhere in the
country. Of the other 32 large metropolitan areas,
19 had increases in the number of transit commuters
and 10 had increases in the share of transit commut-
ers (one area had no change in the number of commut-
ers, and one had no change in the share). Overall,
these 33 areas had a 10 percent increase in the num-
ber of transit users, although their transit per-
centage share declined from 9 to 8 percent, and
their share of the nation's transit commuters in-
creased from 31 to 37 percent. Transit agencies
rarely can do anything about metropolitan growth and
development, so they cannot be expected to control
the denominator of the percentage transit share.
They can, however, work on the numerator (the size
of their market) even if they cannot affect the
share. The absolute increase in transit commuters
in these 33 areas (as a group) shows that they are
doing their jobs. In Table 13 the five areas that
account for the greatest losses in transit commuters
also had a growth rate for total workers during the
decade only one-sixth as great as the national av-
erage (5 versus 29 percent) and accounted for only
2.5 percent of the actual growth in total workers.

Finally, we must look at Fulton's prescriptions.
First, he recommends that the geographic coverage of
transit service must be increased. One. of the fi-
nancial problems of transit was its past overexten-
sion into low-density areas where it cannot be op-
erated efficiently. The transit industry has
learned that lesson. The many forms of ride-shar-
ing, such as vanpooling, club buses, and normal car-
pooling, are more effective in such areas than con-
ventional, fixed-route transit.

Second, Fulton tells us that we must make poli-
cies in coordination with and in anticipation of
demographic trends instead of depending on the al-
teration of such trends, and that the data under-
score the deterministic effect that demographic
changes have on the use of public transportation.
To treat demographics as immutable natural forces
ignores all other potent influences that shape urban
areas and the provision and use of transit: 1local
economic conditions, local fiscal capacity, transit
support from other 1levels of government, politics,
the price of automobile use (social and out-of-
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Table 13. Comparison of workers, transit users, and transit share, 1970-1980.
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1970 1980 Change from 1970 to 1980
Nuanber Numbsr Ahecliits
Area (000s) Percent (000s) Percent (000s) Percentage
Population Greater than 1 Million
All workers 33,412 44,9 41,427 43.1 8,015 +24.0
Transit users 5,445 81.7 4,994 80.9 -451 -8.3
Transit share 16.3 12.1 A -25.8
New York, Philadelphia, Newark, Chicago, and Detroit
All wutkers 10,981 14.8 11522 12.0 541 +4.9
Transit users 3,368 50.6 2,712 43.9 -656 -19.5
Transit share 30.7 23.5 L -23.5

Population Greater than 1 Million. excluding New York, Philadelphia. Newark, Chicago, and Detroit

All workers 22,431 30.2 29,905 311 7,474 +33.3
Transit users 2,077 312 2,282 36.9 205 +9.9
Transit share 93 7.6 - -18.3
Population Less than 1 Million

All workers 40,970 55.1 54,742 56.9 13,772 4+33.6
Transit users 1,217 18.3 1,182 19.1 =35 -2.9
Transit share 3.0 2.2 5 -26.7
United States

All workers 74,382 100.0 96,169 100.0 21,787 +29.3
Transit users 6.662 100.0 6.176 100.0 -486 -7.3
Transit share 9.0 6.4 £ <28.9

Note: All statistics are derived from Table 4. Differences from other tables are due to rounding.

A4 percent. b—7.2 percent. “ g percent. d-O.S percent.

pocket costs), urban infrastructure investment pol-
icies, service standards, nontransportation objec-
tives (social mobility, air quality, and energy
conservation), and all other demand and supply vari-
ables that affect human choices. Surely, these must
bear some weight against the juggernaut of demo-
graphic trends.

Third, Fulton argues that the census data do not
support the planners' assumption that mass transit
would provide the ultimate remedy to the urban
transportation problem by reshaping urban form and
modifying consumer behavior. The only instances of
trying to affect urban form are the big rail proj-
ects, like the Bay Area Rapid Transit (BART) in San
Francisco and Metro in Washington. These are not
routinely prescribed for all urban areas, even by
the most starry-eyed planners. As for modifying
consumer behavior, I think most in the transit com-
munity would agree that their task is to deliver a
service that gives people more choices for travel,
not to restrict them.
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Streamlining Collection and
Traffic Count Statistics

DAVID T. HARTGEN AND JOHN H. LEMMERMAN

Traffic volume counts provide basic information for transportation analysis
and forecasting, as well as for facility design, monitoring, and operation. The
traditional methods of organizing a traffic count program have changed little
since 1965. Basically, they include a system of continuous counter stations
for developing seasonal adjustment factors, seasonal control stations to aid in
factor development as well as in determining the seasonal assignment of
coverage count stations, and the coverage count stations themselves. Such a
program works well but is quite costly. Thus, the New York State Depart-
ment of Transportation examined its program and procedures and looked at
new technology to streamline the process and reduce costs. Seasonal adjust-
ment factors for coverage counts were revised and the number of factor
groups was reduced. The method of determining which sections should be
counted was also revised, based on changes in traffic volumes, and telemetry
systems and methods of collecting additional traffic data (truck weight, vehicle
classification) were examined. Implementation of these improvements yielded
a 35 percent reduction in counting with little or no loss of information.

Today, as in the past, traffic counts continue to
provide basic information for transportation analy-
sis and forecasting as well as for highway design,
monitoring, and operation. The importance of cur-
rent and reliable traffic counts for sound project
planning has always been recognized, and their use
in supporting regional or corridor studies through
vehicle miles of travel (VMT) estimation, impact
assessment, and traffic flow has also been identi=-
fied and expanded. FHWA has traditionally supported
the collection, processing, and dissemination of
traffic volume data through its regqgular Highway
Planning and Research Program (HPR) planning funds
and its various monitoring requests.

Traffic count programs serve many client needs
and, therefore, have historically been expanded.
Many states and communities have attempted to sat-
isfy a wide range of client needs through the use of
a centralized master file of counts large enough to
handle the most detailed of questions. Further,
counts have been conducted periodically at numerous
locations instead of relying on sampling principles
or sample statistics for overall reliability. In
New York State as recently as 1978, for instance,
traffic counts taken on the state highway system for
all purposes totaled 10,600, cost more than $1 mil-
lion in HPR funds (out of a total HPR budget of $6.2
million), and required more than 60,000 hr of staff
effort.

Such procedures were certainly sufficient, and
perhaps even appropriate, to support highway plan-
ning activities in the 1960s and 1970s, but they are
not properly scaled to current programs. Increasing
fiscal austerity at all levels of government in all
program areas means that agencies must ensure that
adequate information is obtained at reasonable cost.
This had led governments to institute goal-oriented
count programs in which counts are taken for spe-
cific purposes or to achieve an agency goal. For
example, FHWA's recent guide (1) suggests that count
program goals (e.g., programming, operational im-
provements, safety, planning, policy assessment,
environment or energy, and revenue allocation) be
identified against problem scale (e.g., single loca-
tion, cordon or cutline, corridor or subarea, or
region). Then, the sample size necessary for a
required level of accuracy is determined. Program
layout (site identification, data collection, and
processing) then follows readily from the sampling

11

Processing of

plan. The specific problems of a given case would
need to be assessed individually; however, the exam-
ples in this guide clearly suggest that count pro-
grams of many agencies have, historically, been too
extensive.

In recognition of such concerns, the New York
State Department of Transportation (NYSDOT) recently
set as a goal a 30 percent reduction in its 1982
count program relative to 198l1. This program would
continue a recent downward trend from 10,600 counts
in 1978. Recent work undertaken by NYSDOT to achieve
that goal, commensurate with modern count needs,
equipment, and fiscal constraints, is described in
this paper. First the count program is placed in
perspective, and then recent work in improving fac-
toring procedures, count scheduling, and timing is
reviewed. Results of the program are described and
some advantages of implementing a telemetry-based
system are discussed.

BACKGROUND

A good summary of the early development of the cur-
rent methodology employed in estimating annual aver-
age daily traffic (AADT) on highway sections has
been published by the Department of Highways, On-
tario, Canada (2). Based on work by Petroff (3-5)
in cooperation with several highway departments, the
Bureau of Public Roads (BPR) published its Guide for
Traffic Counting Manual (6) in 1965. For high-volume
roads (AADT > 1,500), the method produces AADT esti-
mates that have a standard deviation of estimate of
+10 percent. The type of program described is based
on three levels or types of traffic counting opera-
tions: continuous permanent counting stations
(PCSs), seasonal control stations where counts are
taken 4, 6, or 12 times a year for periods of from
48 hr to 2 weeks, and coverage stations where counts
are taken usually once a year for a 24- or 48-hr
period for factoring to AADT.

The BPR procedure was based on grouping together
the PCSs that have similar patterns of monthly traf-
fic variation, which then provide the basis for the
adjustment of coverage counts. The seasonal control
stations help define areas and similar individual
facilities for purposes of assignment of coverage-
count sites to a particular factor group. PCSs are
grouped in such a way that, for the stations within
a given group, the difference between the smallest
and largest monthly factor for any month considered
does not exceed 0.20. The monthly adjustment factor
for month i is

F; = AADT/MAWDT;, 6

where MAWDT is the average weekday traffic for month
i. Then, for each of the groups so defined, the
average of the factors for each month is computed to
arrive at the month group mean factors.

Bodle (7) indicates that, in most states that use
this procedure, three to five PCS groups are de-
fined. He points out, however, that several sources
of error are possible in that method--monthly fac-
tors at the coverage-count station generally will
not be exactly equal to the group mean, coverage
counts may differ from the average weekly count, and
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the road section on which a coverage count is taken
may have been assigned to the wrong group.

Darrell, Dale, and Hayne (8), wusing the BPR
method on low-volume (<1,000 vehicles per day)
local iGads, aind rfarm-to-market and resort 1oads,
found that 48-hr counts between May and October
produced AADT estimates as good as those based on
7-day counts in the same period.

Drusch (9), reporting on tests of the BPR method
in Missouri, found that the grouping of PCSs by that
criterion resulted in too many groups. But, by
averaging factors over 4 years, five pattern groups
were obtained. The New York State experience began
in a similar fashion, with 12 factor groups in the
1960s. That number was reduced to eight in 1975,
and further reduced to four in 1982 based on a study
of the 1980 PCS counts and analysis of the proximity
and overlap of the error-of-estimate bands associ-
ated with the various seasonal curves (10).

Great Britian established a countrywide system of

50 PCSs ({50-point traffic census) Jduring €
1950s. Bellamy (11) used data from 1968 to 1973 to
perform an analysis of variance for the ratio of
average daily traffic flow for each month to AADT by
day of week. Based on that analysis she calculated
five sets of ratios for each site, which represented
the seasonal variation for Mondays, Tuesdays-Thurs-
days, Fridays, Saturdays, and Sundays. Nevertheless,
a clear-cut set of groupings of sites that were
wvalid over 211 daye of the weelk and that 21lowed a
simple definition of site classification was not
found.

The sites were then classified somewhat subjec-

tively by their known characteristics as follows:

e 1ol
e i4ace

1. Urban or commuter,

2. Low flow (<1,000 vehicles per day) nonrec-
reational rural,

3. Rural long distance, and

4. Recreational.

This grouping masks the intersite differences be-
tween Monday and Friday and the rest of the week-
days, and hence, one pattern was obtained for all
weekdays. The variability of the estimates for the
grouping ranged from about 2 percent in the case of
the group 1 sites up to a maximum of around 20 per-
cent for the group 4 sites. In general, the coef-
ficient of variation was lowest for counts taken in
April, May, September, and October and highest for
those taken in August. These results were similar
to those obtained in the latest analysis of New York
State PCS data and described in this paper.

Phillips (12) takes this process one step fur-
ther. He uses data obtained from the 50-point cen-
sus for 1974 and 1975 to analyze the ability to
estimate traffic at specific sites based on short
{<24 hr) counts. He <concludes that reascnable
accuracy can be achieved through counts of 2 hr or
more, with a diminishing return in accuracy for
periods over 6 hr. The counts, however, should be
taken in late spring or early autumn or, in the case
of recreational routes, June is also suitable.

In 1977 Hillier, Mathews, and Moore (l3) wrote a
review of trends in traffic data collection and
analysis in which they described equipment and tech-
niques both available currently and desirable. They
stressed the increasing need for vehicle classifica-
tion, speed, axle weight, and headway information
and the use of microprocessors in handling these
data in an efficient and timely fashion. 1In 1981
Moore (14) described characteristics and applicabil-
ity of various types of road sensors for traffic
data collection.

A year later Wyman of the Maine Facility Labora-
tory and Lyles of Richard Lyles Associates conducted

Transportation Research Record 928

a study sponsored by FHWA to evaluate vehicle clas-
sification equipment (15). Recording systems and
appropriate sensing devices were tested for basic
accuracy, internal logic, and continuous use at
vaiidus Intérstate siltes. In yeneral, ekCept [0 a
prototype unit from England, all currently marketed
systems had serious problems in performing the clas-
sifications.

In 1981 John Hamburg and Associates, Inc., (16)
prepared a report on Improved Methods for Vehicle
Counting and Determining Vehicle Miles of Travel.
Initially, the research had attempted to develop a
count program based on a sampling of traffic count
ccotiono. The final plan concluded, however, that
counts should indeed be taken on all 1links over a
cycle period. The report recommends that highway
links be stratified by functional class, urban-rural
categories, and growth class and then be reverse-
ordered within a growth stratum by year of most
recent count to ensure that the links that have the
oldest counts arzs counted firet If the growth on a
particular link is estimated to be more than 10
percent, then that link should be counted in the
current year rather than wait for the cycle. This
is not unlike the system currently being implemented
in New York State.

IMPROVEMENTS IN PROCEDURES

Overview of NYSDOT Traffiec Count Process

Figure 1 describes the steps involved in collecting
and factoring traffic counts 1In New York State.
Basically, raw data from road-tube counters’ are
collected for a short (48-hr) period but are gener-
ally not adjusted to account for multiaxle vehicles.
The raw count is adjusted for seasonal variations to
estimate AADT and design hourly volume (DHV). Traf-
fic forecasting (for individual sections) is then
undertaken by a variety of procedures.

The operation of a traffic count program requires
a number of inputs. First, of course, are the raw
traffic counts, taken periodically at the various
locations throughout the state. The New York State
program (until recently) counted each highway sec-
tion once approximately every 3 years to estimate
current traffic volumes, and two or three times
(once during the spring or fall, and once during the
summer) every 9 years to check and possibly change
the seasonal factor group assignment of each sec-
tion. The count factoring procedure recommended by
FHWA and used by NYSDOT (17) uses factors for each
month for each group of highways. These factors con-
sist of the ratio of monthly average weekday traffic
(MAWT) to AADT. (Because 5-day weekday traffic is
usually greater than weekend traffic, the factors
average to greater than 1.0.) Data to estimate these
ratios are determined from the department’s 59 per-
manent continuous counters located throughout the
state (Figure 2). To determine the correct seasonal
factor for a given short count, the short count's
summer ratio was compared with similar ratios for
the continuous counters, and the short count was
then assigned to the group that had the most similar
ratio.

Counts are taken on state highways by using por-
table road-tube counters. They are normally set out
early in the week and picked up late in the week,
thus providing a good midweek traffic count. Factor-
ing is then done by dividing the short count by the
ratio for the month or group in which the short
count falls.

Output (paper tapes) from the portable counters
at coverage count locations are collected by NYSDOT
regional personnel and forwarded to the main office
for processing. The tapes are checked and translated
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Figure 1. Typical traffic counting, factoring, and forecasting process. AADT
2-DAY WEEKDAY ESTIMATE

CONT (AVERAGED | (1) |, TRUCK | x| SEASONAL = DHV
70 1 pay ESTIMATE

Figure 2. Map showing New York State continuous counter stations.
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to a computer-compatible medium, and the traffic
count volumes are recorded and factored. Once the
year's counting and processing have been completed
the annual traffic volume report (18) is published,
the seasonal variations of count locations that have
multiple counts are examined, and the factor group
assignments are adjusted if necessary. Those adjust-
ments are then reflected in subsequent editions of
the traffic volume report.

Truck Adjustments

Some vehicles are multiaxled; therefore, traffic
will be overestimated from raw road-tube counts.
Axle correction factors should, therefore, typically
be applied to raw counts. Although FHWA (1) provides
standard formulas for the computation of such fac-
tors, NYSDOT has not, traditionally, undertaken such
corrections unless the percentage is large (e.qg.,
above 20 percent multiaxle vehicles). Recent concern
for trucks as a factor in pavement deterioration and
highway capacity has increased attention on this
subject. Multiaxle vehicle proportions tend to vary
widely by location and facility type and reflect
local conditions such as truck terminal centers, so

considerable research is needed to establish the
nature of such variations. NYSDOT 1is currently
undertaking this work. In the interim adjustments
are made when needed but not generally for most
counts.

Accuracy of Raw Counts

Various mechanical devices and manual counts will
not always yield identical results. Differences in
clock time, sensitivity of recording devices to
vehicle pass-over, multiaxle vehicle proportions,
and mechanical equipment failure or malfunction all
combine to introduce error.

In August 1981 a comparison of four separate
counting methods (manual counting, portable road-
tube counters, a fixed mechanical continuous counter
using induction loops, and a telephone-based counter
system using the same induction loops) was conducted
at a single location for a 24-hr period (19). With-
out elaborating on some of the details of the ex-
periment and recognizing that hazards are associated
with generalizations based on the observations and
situations encountered at one station of such short
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duration, some findings are presented in the list
that follows.

1. There is no such thing as an accurate traffic
count: clock error., machine error. percentage of
trucks, and other factors are likely to cloud the
reliability of any count.

2., Manual counts are likely to contain consider-
able errors, particularly if conducted by inexperi-
enced or unsupervised personnel.

3. Counts taken with a road-tube counter will
overestimate traffic volume depending on the per-
centage of trucks. Such counts should be adjusted
for the multiaxle truck percentage and checked
closely for clock accuracy.

4. Counts should be taken for at least 24 hr to
minimize overall clock error. Even during longer
count periocds {1 day to 3 weeks), counters are not
likely to give similar results, but the differences
will be smaller.

5. Both the continuous counter and the telemetry

system show very similar, but not identical results.

This test also showed that portable road-tube coun-
ters are reasonably accurate and can be relied on to
accomplish most of the department's traffic counting
needs.

Counts Based on Need

The department's system for scheduling traffic
counts was designed around the concept of periodic
(cyclical) counting, supplemented by a double count
every 9 years. This approach results in some unnec-
essary counting because changes in volume may be
slow at many sites and even slower for many factor
groups. This approach also delays needed counts on
fast-growing sections.

To deal with these problems NYSDOT instituted a
count program based on need rather than on Jjust
cyclical frequency. Need to count was defined in
terms of two different growth criteria.

l. Traffic growth--For each section scheduled
for counting in 1982, trend data on traffic growth
were obtained by reviewing previous counts and cal-
culating growth rates for each section. These were
then sorted according to growth rate, and the fast-
est-growing sections were identified. To further
aid in this procedure the format of the traffic
volume report has heen revised to show the previous
three counts on a section, the year in which they
were taken, the percentage difference between the
two most recent counts, and the latest count and
year taken.

2. 1970-1980 growth rates of town and county
population, households, and automobile registrations
(20)--Traffic count growth data for rural towns and
counties were regressed against growth data on popu-
lation, households, and vehicle registrations. The
best regression line (one for each functional class)
was then used to estimate town-level traffic growth
rates based on the 1980 census. The fastest growing
towns were then identified for focus.

NYSDOT used these two procedures to determine
those sections in which historical growth rates
would be greater than 5 percent/yr, 2 to 5 percent/
yr, and less than 2 percent/yr. (By comparison,
total traffic in New York State grew at about 2
percent/yr from 1980 to 198l.) A bonus on the fast-
est dgrowing sections (5+ percent/yr} would reduce
the required count program by approximately 30 per-
cent. Lists of sections to be counted were then
prepared and transmitted to regional offices along
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with instructions to focus the count program on the
fastest~growing sections.

Seasonal Adjustment of Traffic Counts

Over the years a number of changes and improvements
have been made in the procedures for seasonally
adjusting traffic volume counts. In 1975 NYSDOT
examined and updated the traffic count factor groups
and factors within those groups. That analysis used
1972 volume data because the 1973 and 1974 data were
not typical because of the energy crisis during
those years. The 1975 study resulted in a reduction
in the number of factor dqroups from 12 to 8 and an
updating of design hour factors to correspond with
the new factor groups. The count program and proce-
dures were generally left intact.

Figure 3 shows the 1972 base factor groups used
by NYSDOT. The eight factor groups represent group-
ings of roads based on their seasonal patterns.
Note also the small vertical 1lines that represent
the standard deviation about each point. They show
that the factors for adjacent groups for some months
cannot often be determined exactly, and so the dis-
tinctions among factor groups are blurred. There-
fore, the factors have unnecessary false precision
in group assignment. Actually, a smaller number of
groups might be more efficient if grouped carefully.

Knowledge of the factor group for a particular
count is often unnecessary if counting is scheduled
for certain months, for example, June or September.
Similarly, the ability to discriminate among groups
1, 2, and 4 1is unnecessary if the count can be
scheduled in the January to June period. Other such
patterns and overlaps are readily apparent. The
meaning of this is as follows: Precise knowledge of
factor grouping is important only if the factors
will be different; if the count can be scheduled
such that group overlap is maximized (e.g., January

Figure 3. Traffic count factor groups, 1972,

2.0

1.9 I//\

181 \
1,7¢

—
[=2]

—_ s
4= U

=
N W

RATIO OF MONTHLY AWDT TC YEARLY AADT
—
i




Transportation Research Record 928

to June for groups 1, 2, or 4), then grouping re-
quirements can be reduced without loss of accuracy.
These requirements must, of course, be traded off
against the practical scheduling of counts in the
field.

Aware of these problems and concerned with rising
costs and limited staff resources, NYSDOT undertook
an extensive review of its count program in 1981.
This time the goal was to assign count sections to a
seasonal factor group on some basis other than simi-
larity to a particular pattern as determined by the
multiple count taken once every 9 years. Revisions
focused on a number of problems described earlier,
and generally paralleled recent work by Sharma and
Werner in Alberta, Canada (21).

Data for 1980 were first obtained for 55 of
NYSDOT's continuous counters. They showed substan-
tially less peaking than the 1972 data because of
the dampening effect of the energy crisis on traffic
in rural and recreational areas (10). These data
were for the most recent year for which complete
data were available. '

The analysis approach used was to cluster the
stations according to similar patterns of MAWT/AADT
ratios. Several programmatic approaches to cluster-
ing data were employed, but results from the BMDP/2M
statistical software (22) were found to be the most
satisfactory. This procedure initially considers
each observation as a separate cluster. Cases or
clusters of cases are then joined in a stepwise
process until all cases are in one cluster. The
procedure uses the Euclidean distance between near-
est neighbors as the criterion for joining clusters
and cases. In the application the distance measure
was based on the Euclidean distance in n-dimensional

Figure 4. Traffic count factor groups, 1980.
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space defined by the MAWT/ABDT ratios for the 12
months. The result is a most efficient (statistical)
grouping. The method is conceptually similar to
that used by Sharma and Werner.

Different numbers of clusters, from two to eight,
were tested and compared. The standard deviations
and coefficients of variation of the monthly factors
showed that four clusters provide a good representa-
tion of the seasonal patterns, and that little ac-
curacy is gained by further increasing their number.
Figure 4 shows this four—-group cluster pattern. The
standard error of each number (vertical 1lines) is
generally wider than that of the eight-cluster
(1972) groups but overlaps in the error bands are
considerably less. This means that the four-group
design discriminates better among clusters than did
the old eight-group design.

The next step was to investigate the locational,
design, or use characteristics each of the sections
had in common with each of the other sections within
its own group. The purpose of this investigation
was to allow the assignment of counts to factor
groups by these characteristics rather than on a

strict 24-hr/AADT ratio. Variables examined in-
cluded:

1. Location characteristics--urban or rural,
area type, culture, and terrain;

2, Design characteristics—-number of roadways,

number of lanes, access control, lane width, pave-
ment width, and shoulder width; and

3., Use characteristics--functional class, prox-
imity of alternate routes, population growth, and
volume.

No combinations of these variables would distinguish
the groups perfectly, but the urban or rural nature
(defined by FHWA procedures) and access control of
each highway section appeared to have the greatest
potential for making an initial distinction.

In general, once these two characteristics of a
highway are determined, the choice of which factor
group to assign is narrowed to two (as given in
Table 1), with a greater probability of one of these
over the other. Some knowledge of the area or the
facility can then aid in the final selection. If
this is not possible the more probable of the factor
groups (in terms of numbers of continuous count
stations assigned to that group) can be assigned,
the count can be scheduled to minimize error (see
below), the factors of the competing groups can be
averaged to estimate AADT, or the section can be
multicounted and analyzed.

This design shows how the various traffic count
factor groups can be assigned to highway sections,
based on the urban or rural nature and the access
control prevalent on that highway. In the event
that the factor group for a particular section can-
not be determined, then the count for that highway
section should be made during certain months to
minimize the probability of error in estimating
AADT. This is shown in Figure 5.

Table 1. Characteristics of factor groups.

Access Control

Group Full or Partial No Control

Rural Factor groups 2, 3, and 4,
greater probability of 3

Small urban, Factor groups 3 and 4, Factor groups 1 and 2,

pop <50,000
Large urban, Jarge
metropolitan area

greater probability of 3
Factor groups 1 and 2,
greater probability of 2

greater probability of 2

Note: Most facility mileage falls in rural with no access control group.
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Figure 5. Scheduling rules.
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Figure 8. Peak-hour traffic from NYSDOT continuous counter stations, 1980.
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Along with the analysis of seasonal traffic varia-
tion and the means of adjusting for it, a study of
peak hour and design hourly traffic volumes (DHV)
was undertaken. Peaking characteristics and DHV are
more useful items than AADT in the design of a high-
way; however, little information exists to document
their development. Early efforts in the area were
described by Walker (23). By examining the year's
30th highest hourly volume (30 HV) factors he found
that they were generally lower on high-volume roads
and that, as traffic increased over time, they
tended to decrease. Bellis and Jones (24) found, in
addition, that 30 HV increases and K decreases as
population increases, and the capacity of a facility
seems to have little effect on these factors. The
1965 Highway Capacity Manual (25) reports these
findings; and, even though it does not recommend the

=3

use of 30 HV for rigid adoption, it goes a long way
toward institutionalizing it.

For most (nonlocal) two-lane highways DHV is now
usually the 30th highest hourly volume that is ex-
pected to occur in some future design year. For
multilane highways the directional design hourly
volume (DNHY) ie nged. DHY ig segtabliched by mulei-
plying the projected future AADT by a K factor (K =
DHV/AADT), and the DDHV (if required) is determined
by multiplying DHV by a directional facor (D) (26) .

Most of the analyses of peak and design hour
traffic use data available from permanent counting
stations, but in practice the ability to apply the
correct factor or select the X-highest hour requires
data that are not generally available. 1In determin-
ing design volumes, NYSDOT's Regional Planning Of-
fices use a variety of methods. NYSDOT's annual
traffic volume report contains an estimated DHV for
each highway section. This volume is an estimate of
the year's 30th highest hour based on the seasonal
traffic variations exhibited and the factor group to
which the section has been assigned. Figure 6 shows
New York's 1980 curves for the 200'highest hours.

In the absence of more detailed information, and
especially if the traffic volumes are not particu-
larly high, NYSDOT planners use the DHV figures
directly from the current traffic volume report.
For a projected volume they will apply the appropri-
ate K factor to the future vyear's AADT. Where
greater reliability is needed, special traffic
counts are taken at the site and in the vicinity of
the planned highway project. (Depending on the type
of traffic served, the count may or may not include
the weekend.) In addition, manual classification,
turning, and directional counts are taken where
applicable during the weekday morning and evening
peak hours. The planning engineer will use this
count information as well as the necessary economic
and growth forecasts to develop a design year traf-
fic volume for the facility. Then DHV is calculated
for the facility either by developing K as the two-
way high hour for the week counted divided by AADT
or by using the average value developed from the
permanent count stations for the factor group to
which the section is assigned.

In reviewing the development of DHV for one re-
cent highway project, concern was expressed as to
what HV was actually represented by the volume de-
veloped. This led to a comparison of the New York
State high hour curves with those referred to in the
development of that project. The latter (Figure 7)
were taken from the Transportation and Traffic Engi-
neering Handbook of 1976 (26) , which, in turn, took
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Table 2. Results of traffic count reduction program Machine Counts Person-Hours Used
Percentage Percentage Ratio
Year Number  Change Number Change (hr/count)
1978 10,572 60,185 5.7
1979 10,754 1.7 55,698 -7.5 §.2
1980 7,806 =27 50,059 -10 6.4
1981 7,762 -0.6 40,957 -18 5.3
1982 5,040 -35 37,2502 -9 7.4

2Estimate based on 22 of 26 accounting periods.

them from Traffic Engineering of 1955 (27), which
adapted them from a 1947 Connecticut State Highway
Department publication. Thus, the current standard
high hour curves are really about 35 years old.
Some additional work appears to be required in this
area.

RESULTS

Resources Saved or Diverted

Implementation of the primary elements of the re-
duced traffic count program began in 1980 and is
continuing. Preliminary analysis of town and county
population growth rates and section-specific traffic
growth rates were provided to NYSDOT regional of-
fices with instructions to begin the count schedul-
ing process. Factoring and scheduling procedures
were transmitted shortly thereafter.

Table 2 compares New York State's programs for
the past 5 years. Overall, the goal of a 30 percent
reduction for 1982 was achieved; several of the
regions are implementing reductions of more than 50
percent. Compared with 1978's counts, the reduction
is much more striking.

Reductions of this magnitude may cause greater
than anticipated flexibility on the part of traffic
count personnel and may lead to staff capacity that
is underused. Table 2 suggests that this may be the
case with NYSDOT's count program. Large count reduc-
tions in 1980 (-27 percent) did not result in the

same reduction in hours spent, which implies a de-
crease@‘in productivity. In the next year (1981),
however, an additional 18 percent reduction in hours
with 1little actual reduction in counts did occur,
which implies some lag time before the newly avail-
able person-hours can be reprogrammed efficiently to
other duties. Part of the difficulty is that the
amounts and timing of hours saved may be such that
little usable time is actually generated during the
count season. Indeed, the required layout and sched-
uling of counts may convert some of the savings to
travel time. In any case, the new-found time is
available for reassignment to other duties.

Options Available

Several options are available for further reductions
in the count program should this become necessary or
desirable. The first, of course, is to reduce the
magnitude of the coverage count program further and
either skip certain count sections (perhaps on some
rotational basis), lengthen some of the sections, or
change the threshold criteria that determine when
highway sections should be counted. BAny of these
could be implemented by first determining the size
of the reduction and then fitting the program into
AE,

A second means of effecting cost
through sampling of representative sections and
expanding the sample to the universe. FHWA recom-
mends this type of procedure for the estimation of

reductions is
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VMT (1l). A similar approach (16) has been developed
by NCHRP. A third approach is interagency and inter-
governmental cooperation, some of which is already
taking place through the metropolitan planning orga-
nizations (MPOs) in larde urban areas. Ry coordinat-
ing programs each group or agency could work in
areas where it is most adept.

New Technology

The future of traffic data collection appears to lie
in automation of the recording, transmittal, and
processing functions., Telemetry systems that count
vehicles have been used in a number of states for
more than a decade. These systems must generally be
queried on a daily basis and can be polled automati-
cally from a central system or called as desired.
(During the 1979 fuel crisis FHWA queried a number
of such systems directly in several states to pro-
duce up-to-the-minute estimates of travel and fuel
consumption for crisis- and policy-evaluation pur-
poses.)

Tn the test of systems mentioned earlier the
telemetry system was found to be superior to the
mechanical system in speed of delivery because pick-
up time is eliminated. In addition to the collec-
tion of timely data, the telemetry system can be
queried by telephone to check its operation. This
reliability feature can ensure a minimum loss of
data in a faulty operation. On the other hand, the
mechanical system requires a site visit to check its
operation--in New York State, the counter is checked
at about the midpoint of each monthly recording
period.

The cost advantages of the telemetry system are
also substantial, primarily the result of a much
lower labor cost to collect the data. A recent
comparison of the costs to convert New York State's
network of continuous count stations versus the
costs to maintain the present type of system, in-
cluding labor, over a 20~-year period, showed that
the telemetry system would cost about half as much
as the electromechanical system (19).

Technological advances are currently being made
in the capability and diversity of new recording
equipment. Depending on the detector arrangement,
the new equipment is capable of classifying vehicles
(based on vehicle length and number of axles), mea-
suring 'speeds, and counting vehicles and axles.
Some of the new recorders are also programmable (at
least one even by telephone) with respect to which
data to ceollect and how to record them. These multi-
ple capabilities of the new recording equipment make
it even more valuable and would considerably lessen
the need to launch separate operations to collect
other than traffic count data throughout the state.

The need for traffic count information will con-
tinue to exist. The process of collecting it, how-
ever, will have to consume fewer resources than it
currently does. Cooperation, technology, process
efficiencies, and an analysis of true need should
all contribute to bringing about this result.

ACKNOWLEDGMENT

We wish to express appreciation to Alfred J. Neveu
for his help and patience in working with and inter-
preting the output from various computer software
packages. Thanks also to Tammy Zitzmann, Sue Car-
bone, Dianne DeVoe, Tedi Toca, and Donna Brown for
their work in the preparation of the manuscript.

Transportation Research Record 928

Discussion

David L. Greene*

The authors have written a timely paper that ad-
dresses an important topic (how to produce good
traffic statistics in a time of shrinking budgets).
It is full of good ideas; perhaps, it even has too
many ideas for one paper. Two papers in one were
presented here. One is about the accuracy of traffic
counting methods, and the other is about more effi-
cient procedures for grouping road segments for
traffic counting. The paper makes contributions in
both areas.

The data on the comparative accuracy and relia-
bility of manual counts versus portable, versus
continuous, versus telemetry counters should be of
considerable interest to all who work in this area.
Tt contributes to one of the most important needs of
vehicle travel data--the need to know the accuracy
of the data. One source of error is the measurement
of the count, and we are given some important infor-
mation on that score.

The paper also describes some clever analysis of
AADT factor groups, by using cluster analysis to
decrease the number of groups and still maintain
homogeneity within groups. Interestingly, a single-
linkage method was used to form clusters rather than
a p-means method. The first joins nearest neighbor
clusters until the desired number of clusters is
left. The latter explicitly maximizes wvariance
between group clusters, which is equivalent to mini-
mizing the sum of variance within groups about the
cluster centroids. I point this out because the
latter is one optimal way of forming strata for
stratified random sampling. I will come back to
this point later.

As pointed out earlier, the paper is divided
roughly into two parts. The first part deals with
data accuracy, or data validity. (Let me state my
bias here by saying that I approach this problem
from a statistician's viewpoint.) This first part
quantifies the error of measurement of counts, deals
inconclusively with the problem of multiaxle vehi-
cles and their effect on the estimated number of
vehicles, and then briefly touches on a large prob-
lem (the heart of the accuracy problem, in my opin-
ion) by discussing VMT growth and frequency of sam-
pling (called need to count). The idea 1is that
segments where traffic is increasing rapidly need to

Patosh] ~ A - S -t At o~ H my 4
be counted nmore coften that stagnant secticns. This

was said to decrease the required counts by 30 to 40
percent, but exactly how and with what, if any, loss
in accuracy were not stated.

This brings me to the second (closely related)
issue addressed--efficiency. The real issue here
is, if you can only sample part of the system part
of the time, how should it be done to give the most
accurate estimate of travel in such a way that the
accuracy of the estimate can be quantified for a
given level of resources (or one could fix the ac-
curacy of estimate and minimize the resource). Let
me reemphasize this because it is the crux of the
matter. Not only do we only look at part of the
system in each year, but, with the exception of PCS,
we only look at it for typically 1 to 7 days.

*Transportation Energy Group, Energy Division, Oak
Ridge National Laboratory
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To a statistician this is a classic problem of
designing a statistical sample, but one that must be
designed over time and space. From this viewpoint
the problem of factor groups for coverage counts
(and seasonal counts as well) is a somewhat altered
problem of defining optimal sample strata. Whereas
the definition of an optimal factor group is not
entirely clear (this paper comes pretty close to a
precise definition and a method for finding the
groups as well), optimal sampling strata are those
that maximize between-group variance and minimize
within-group variance for the variable to be mea-
sured (traffic volume). The theory of stratified
random sampling is well worked out (e.g., Cochran's
text on sampling) and, if it is possible to define
the cost of sampling for each stratum, then it is
possible (for a given level of accuracy of estimate)
to determine the optimal distribution of samples
among the strata. This could even be used to deter-
mine which strata should have PCSs.

My last point about stratified random sampling is
that it defines the problem well enough that, given
a budget reduction, one can, in theory, define the
optimal sampling strategy and tell how much accuracy
has been lost because of the reduced level of effort.

In closing, let me say as a tribute to the rich-
ness of this paper that there are still many points
I have not addressed; e.g., design hourly volume
estimation, the overview of new, automated counting
and classification equipment, and literature review
of traffic count studies. 1In fact, the authors try
to accomplish a bit too much, but they can be ex-
cused for this because they have taken a fresh and
analytic look at a neglected but important informa-
tion system, one that has increased in importance
with concern for energy use and even more so with
increasing concern over highway maintenance and user
taxes. As better automated count and classification
equipnient become available, issues will arise with
respect to jointly collecting data on vehicle volume
and type, ensuring their validity, and measuring
their accuracy. As usual, NYSDOT seems to have
anticipated this problem (or perhaps opportunity is
a better word) and taken a pioneering role in re-
search in this area.

Authors’ Closure

Dr. Greene's views help to clarify and sharpen the
value of the paper to both transportation analysts
and administrators. Single-linkage clustering was
used in this case because of the small data base
available. The entire cluster structure contains
only 59 observations; with samples this small, more
powerful clustering methods, based on analysis of
variance, seem inappropriate. Ideally, this could
be done in those states that have more stations.
Clarification is also necessary concerning the re-
duction in counts achieved by the need-to-count
approach. These reductions were achieved largely
because only a small portion of traffic counts on
individual highway sections appeared to be growing
rapidly enough to warrant frequent counting. Thus,
the need-to-count rule is a useful device for iden-
tifying sections that may require attention.

The particular goals of traffic count programs
should determine their designs. These include the
estimation of areawide VMT. Perhaps more important,
however, is the need to have a reasonably current
traffic count on most sections of highways so as to
respond to questions concerning traffic wvolume.
These data are also essential for project assess-
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ment. The state transportation departments often
undertake extensive counting programs for these
purposes.

Sampling plans for estimating VMT or other area-
wide parameters can be designed efficiently by using
the sampling concepts suggested by Greene. Statis-
tical sampling frames for traffic, such as the HPMS
sample (which consists of 2,700 observations in New
York State) are available and are monitored periodi-
cally. Our small sample of 59 continuous counters
may also be considered to be a sample of traffic on
state roads; it is used as such to establish traffic
trend by season and year. The other goals (providing

current data for project analysis) cannot be
achieved, however, unless additional counts are
undertaken. The department's program is a compro-

mise among the need for current information, the
importance of areawide information, and administra-
tive and staffing realities.

To expect one system of traffic data collection
to satisfy all goals and respond to all purposes may
be unreasonable. A flexible arrangement of systems,
in which background information is tracked on a
steady basis and periodic information is collected
less frequently, seems to be a reasonable compromise.
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Transportation Energy and Related Data Collection at

State and Substate Level

BETTY J. YELICH, NATHAN S. ERLBAUM, AND K.W. PETER KOEPPEL

The collection and timely monitoring of transportation energy consumption
and related data for use at the state and substate level have many problems.
Much of the relevant data are available at the national level and must be dis-
aggregated to the state or substate level to be meaningful. A comprehensive
data directory has been prepared with funding from UMTA. The directory
lists sources, level of detail, frequency of reporting, lag time, and quality of
data. It describes data series and information systems in 10 broad categories.
The frequency of reportiig, as weii as tiine iags, pose significani difficuities
for the timely monitoring of transportation energy use and travel behavior.
Deregulation of certain industries by the federal government (e.g., airlines)
and the subsequent loss of reporting requirements are also a factor. In addi-
tion, proprietary and private data sources may limit data availability for
monitoring activities. At the substate level sources of data for two urban
areas in New York State are identified. Rochester is a large metropolitan
area, the core city of a four-county standard metropolitan statistical area
(SMSA) that has a population of more than 100,000. Oneonta is in a rural
county and has a population of 50,000. One of the more important measures
of transportation energy use (automotive fuel) at the substate level has no
direct data source. Synthesis methods are used to obtain an indication of
fuel use. Six methods are used to estimate the fuel use for Rochester, New
York. Some of the reasons for the different results obtained by using each
method are discussed.

Shrinking energy resources, world events, environ-
mental pressures, federal and state regulations, and
socioeconomic factors all have an effect on travel
and transportation energy use. Therefore, timely,
accurate collection and monitoring of the parameters
associated with energy use and travel are of great
importance. Planning for the repair and maintenance
of deteriorating highways and bridges requires data

collection and monitoring. Declining fuel tax reve-
nue because of decreased fuel consumption increases
the need for more timely collection and monitoring
of transportation energy use.

Many railroads and transit operations have de-
clining patronage. Concomitantly, political pres-
sure is being exerted to expand services for the
disadvantaged and maintain reasonable fare struc-
tures. This too requires data collection for the
development of monitoring and forecasting method-
ologies., The New York State Department of Transpor-
tation (NYSDOT), Planning Division, Data Services
Bureau is responsible for the collection of data
used to support ongoing studies of transportation
and energy-related issues.

The problems in New York State may be even more
severe than those of the nation in general. New
York has an aged industrial base, decreasing employ-
ment opportunities for a large unskilled portion of
the population, and a shrinking state tax base.

NYSDOT'S DATA COLLECTION PROCEDURES

The reasons for collecting data are many and var-
ied. NYSDOT collects data in response to legisla-
tive mandate, agency need (i.e., revenue forecast-
ing), and client requests (i.e., interagency use and
public relations). Before beginning a data collec-
tion or monitoring activity general basic questions
should be addressed:

A W]
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1. What is the purpose of the effort? 1Is the
collection effort consistent with the purpose and
need?

2. What types of data need to be collected?

3., What are the sources of the data and are they
readily available at the level of detail desired? and

4. If the data are not readily available, can
they be synthesized with secondary sources or esti-
mated through some method?

Perhaps the most difficult of the preceding tasks
outlined is task 3. To this end, the NYSDOT Data
Services Bureau, Planning Division, under funding
from UMTA, has developed a detailed Data Source and
Reference Directory of Transportation and Energy
Data (1). This directory describes major data se-
ries and information systems in 10 broad categories,
as given in Table 1.

Each data category, series,
is described in detail with respect to contents,
contact person, system status, reference, and other
documentation. Most of the categories, series, or
systems described in the Data Source Reference Di-
rectory (l) contain historical data from 1976, al-
though some are reported from earlier periods. The
sources and collection of data, synthesis and esti-
mation methods, and problems and resolutions associ-
ated with collection and monitoring are discussed in
this paper.

Many of the categories noted in Table 1 may be
used to monitor changes in transportation and en-
ergy, but the selection of actual parameters is
often limited by

or system in Table 1

1. Data availability,

2. Time lag in reporting, and

3. Inconsistencies with 1levels of aggregation
and disaggregation and subsequent noncomparability
of data.

Cross-reference charts for the 10 categories in
Table 1 give a comprehensive overview of the level
of detail, political divisions, frequency of report,
lag time, quality of the data (i.e., primary, sec-
ondary source, or synthesized), and other pertinent
information. 1In Table 2 many of the available data
are collected at the national level. These data, in
general, are not ideally suitable for timely moni-
toring at the state or substate level. The category
of fuel use is discussed in this paper as an example.

FUEL USE

In each of the 10 categories noted in Table 1, and

Table 1. Transportation data, data series, and data sources.
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in particular the example shown here, problems exist
that are typical of any major data collection ef-
fort. In some instances a straightforward resolu-
tion is possible. 1In others, however, a variety of
approaches are illustrated, each of which presents
its own unique problems.

Case Study: Data Collection at Substate Level

The case study describes the data collection effort
in two urban areas in New York State, Rochester and
Oneonta. Rochester and Oneonta are quite different
in terms of population and available transportation
services. Rochester is a large metropolitan area
located on Lake Ontario and is served by the New
York Thruway. Oneonta is a small urban area served
by Interstate 88. Both are in upstate New York.
Rochester is the core city of a four-county standard
metropolitan statistical area (SMSA); Oneonta is
located in a rural county. Monroe County, in which
Rochester is located, has a population of more than
700,000; Otsego County (Oneonta) has a population of
59,000. Local transit, intercity transit, and air
passenger service are available for both localities;
Rochester also has rail passenger service. A sub-
stantial array of transportation data is available
for both areas, as given in Table 3.

In the table the obvious blanks indicate the lack
of data. Possibly most important are those data
relating to highway fuel consumption. NYSDOT has
developed nine general methods for estimating sub-
state gasoline use as follows (2):

1. Network,

2. Households,

3. Number of stations,

4. Retail sales at stations,

5. Partition of statewide sales,

6. Vehicle registration,

7. Trip,

8. Population, and

9. Continuous count per vehicle miles traveled
(VMT) .

These methods produce a fairly large range of
estimates that have a standard deviation of up to 25
percent of the mean for a given area. Many of the
methods rely on secondary data at the substate or
statewide level (i.e., VMT, number of service sta-
tions, and percentage of gasoline sales to total re-
tail sales).

The New York State Department of Taxation and
Finance is the primary source of data for statewide

No. Category Description No. Category Description
! Fuel supply Jet fuel, aviation gasoline, diesel, 8 Recreation Marine, motorcycle, snowmobile, recreation
gasoline, electricity ) activity, recreation vehicle, other
Fuel use Highway use, nonhighway use, aviation, 9 Socioeconomic Population, household, consumer price index, income
rail and transit, bus, marine, automobile, and wages, employment, unemploy ment, business
truck, other activity
2 Fuel price Gasoline, diesel, aviation, other 10 Travel data Residence, work place, mode, carpooling, commuter
3 Vehicle Automobile, truck, motorcycle, taxi, movement, travel distance, travel time, sociodemo-
registration recreational vehicle, bus, fleet, graphic characteristics, public transportation users,
government vehicle, driver license, other changes in use, trip purpose, trip rates per household,
4 Vehicle Automobile, truck, bus, taxi, motorcycle, automobile ownership per household, vehicle oc-
efficiency flect, recreation, other cupancy rates, truck use, automobile use, vehicle
5 Transit Bus, rail-rapid, other use, rates, seasonal variation, automobile drivers,
service o . ) automobile owners, household characteristics,
6 Intercity PﬁS‘SenEEJ’, freight, air, bus, rail, automo- traveler characteristics, vehicle owner characteristics,
service bile, truck, water tract- and zone-level data, employment characteristics,
7 Highway use Automobile, motorcycle, truck, bus special interest questions, other
including school bus, other, general use
statistics, operating characteristics,
facility-related
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Table 2. Fuel use—data sources.
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Source

Electricity

Jet Fuel

Avg Gasoline Diesel

FAA, census of civil aircraft

FHWA, table MF-24 private and commercial
nonhighway use of gasoline
Ethyl Corporation

FHWA, table MF-21 motor fuel use,
highway and nonhighway
FHWA, table MF-22 motor fuel

FHWA, table MF-23 highway use,
motor fuel

FHWA, table MF-25 special fuels, high-
way use

THWA, tablc MT-28 higliway usc,
gasoline

FHWA, table MF-33G gross gallons of
gasoline

FHWA, table MF-2 motor fuel use”

FHWA, table MF-21A total gasoline
use

Port Authority of New York and
New Jersey

New York State Department of Taxa-
tion and Finance MT104.19

New York State Energy Office

State energy data report DOE/EIA
0214(78)

Monthly energy review DOE/EIA
0035(8)01

Weekly petroleum status report
DOE/EIA 028(81/4)

American Public Transit Associa-
tion (APTA) Transit Fact Book

APTA Transit Operating Report

Association of American Railroads
statistics of railroads of class 1-U.S,

U.S. Department of Energy. U.S. Bureau
of the Census foreign trade bunker fuel

U.S. Department of Energy environmental
impact assessment, energy data reports,
sales of fuel oil and kerosene

American Bus Association

Oak Ridge National Laboratory, region
analysis of highway energy use

Gasohol, National Gasohol Commission

Census of retail sales geographic area
RC 77A-33

Tax and finance survey reporting

Preliminary Research Report 187

Air Transport Association

Census of retail sales miscellaneous
subjects RC77-8-Z

Annual statewide reports from
actual secondary sources

Annual national and statewide
reports based on actual primary
and secondary sources, lag time
of 2 years

Monthly reports by state from
actual secondary sources, lag
time of 1 quarter

Monthly regional reports from

actual primary sources, lag time

of 3 months

Monthly statewide reports from

actual and synthesized sources,

lag time of 2 months

Monthly statewide reports fiom
actual secondary sources

X

Monthly national reports based

Survey results by state from
actual secondary sources

Annual reports by state from
actual and synthesized sources

Monthly reports by state from
actual secondary sources, lag
time of 1 quarter

Monthly and annual reports
state from actual and synt!
sized sources

Monthly and annual reports
state from actual and synti
sized sources

Monthly and annual reports
state from actual and synt!
sized sources

Annual reports by state fro:
actual and synthesized sou

Monthly statewide reports t
actual and synthesized sou

lag time of 2 months

Monthly statewide reports i

actual secondary sources

X X

on actual primary and secondary

sources, lag time of 1 quarter
Weekly national and regional re-
ports based on actual primary

and secondary sources, lag time

of 2 months

Annual national report based on
actual secondary sources and
general statistics

X

Monthly substate reports ha

on actual and synthesized

sources, lag time of 3 mon1

>

Note: X is a use designation.
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Gasoline

Highway
Use

Nonhighway
Use

Rail or
Aviation  Transit Bus Marine Truck

Other

J

|

Annual reports by state from actual and
synthesized sources

Monthly reports by state from actual secondary
sources, lag time of 1 quarter

Annual reports by state and substate from actual
and synthesized sources

Monthly and annual reports by state from actual
and synthesized sources

Monthly and annual reports by state from actual
and synthesized sources

Monthly and annual reports by state from actual
and synthesized sources

Monthly reports by state from actual and
synthesized sources, lag time of 3 months

Annual reports by state from actual and
synthesized sources

Annual reports by state from actual and
synthesized sources

Monthly reports by state from actual and
synthesized sources, lag time of 2 months

Annual substate reports based on estimates and
actual secondary sources, lag time of 1 year

X

X
National, statewide, and substate survey results

based on actual primary sources and general statistics

Statewide and substate reports based on actual pri-
mary sources, lag time of 2 years
Substate-level reports based Qn estimates

- National, statewide, and substate survey results

based on actual primary sources and general
statistics

E T

>

X

Annual national re-
port based on actual
secondary sources

Annual national re-
port based on actual
secondary sources

bl

Factors, general
statistics
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Table 3. Information sources.
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Item

Rochester, Monroe County

Oneonta, Otsego County

Lacal teapeit

Intercity transit

Aviation
Passenger certiticated
Commuter
Freight
Rail
Passenger

Freight traffic

Marine, freight tonnage?
Aufomobile registration

Truck registration

Drivers’ licenses
Traffic counts
Thruway counts
Aulomotive fuel use
Automotive fuel prices

NYIDOT

Transit operators

Interstate Commerce Commission
Transit operators

Industry associations

L.P. Sharp
L.P. Sharp
[.P, Sharp

National Rail Passenger Corporation

Station master

Consolidated Rail Corporation

Chessie System

U,S. Department of Transportation

U.S. Army Corps of Engineers

R.L. Polk

New York State Department of Motor Vehicles
R.L. Polk

New York State Department of Motor Vehicles
New York State Department of Motor Vehicles
NYSDOT

New York Thruway Authority

Local survey
Platt and Lundberg Surveys

NY<SnOT

Transit operators

Interstate Commerce Commission
Transit operators

Industry associations

I.P, Sharp
1.P. Sharp

Delaware and Hudson
U.S. Department of Transportation

R.L. Polk
New York State Department of Motor Vehicles
R.L. Polk
New York State Department of Motor Vehicles
New York State Department of Motor Vehicles
NYSDOT

Local survey

4Rochesler port was disbanded in 1974,

fuel sales (3,4). These data are based on tax re-
ceipts for motor fuel sales at the wholesale dis-—
tributor level. The lag is approximately 6 weeks
between the sale as reported by New York State De-
partment of Taxation and Finance and the actual
transfer of the fuel to the consumer.

The New York State Energy Office has prepared a
proportional county use profile based on wholesale
fuel sales data (5). The source document is not
available to the public; however, estimates of
county-level gasoline data may be developed by using
various other sources of information such as the
following:

1. Census of retail sales (6) reports by state,
county, and SMSA the number of establishments and
the amount of retail sales by business category
(published every 5 years); and

2. Miscellaneous reports from the census of re-
tail sales (7) give detailed data on the gallon
sales of gasoline and other automotive fuels by
state and SMSA.

Remember that census data are based on samples, and
some information may be withheld for reasons of con-
fidentiality.

The first six methods for estimating substate
highway fuel consumption are described in detail in
the following sections.

Network Approach

Gasoline is estimated by extracting travel data from
computer network assignments, traditionally VMT, and
multiplying these data by an estimate of vehicle ef-
ficiency. For example,

Gal of gasoline = | 1/MPG] [VMT] )

where MPG is miles per gallon.

The Results File for NYSDOT traffic assignments
in urban areas shows the gallons of gasoline con-
sumed per average 24-hr period by ring, district,
and zone. By aggregation and multiplying by 330
(the number of equivalent days in the assignment

model year), the number of gallons for each appro-
priate study area can be obtained.

Gal of gasoline = (2 Districts or zones) (330) 2)
Household Approach

A statewide estimate of travel per household (in
miles) is multiplied by the average vehicle effi-
ciency and the number of households in the study
area. Travel per household is defined as the aver-
age annual mileage per vehicle times the average
number of vehicles per household. Number of vehi-
cles and miles per gallon are weighted to reflect
differences between passenger cars and trucks.

Gal of gasoline = [1/MPG] [Annual avg miles/Vehicle]
x [Avg number of vehicles/Household]
x [Number of households] 3)

Stations Approach

Gasoline consumption is estimated by multiplying the
average gasoline sales volume per station by the
number of stations in the study area. The number of
stations varies depending on the source. The
sources in this study included actual service sta-
tion counts (6) and estimated number of stations (8)
based on population, New York State Energy Office
gasoline consumption, vehicles registered per square
mile, and an average of these three. The general
equation is

Gal of gasoline = [Avg gasoline sales volume/Year]
x [Number of stations] (4)

Retail Sales Approach

Gasoline consumption is estimated by multiplying the
retail sales at service stations by a factor of 0.75
to reflect the portion of sales that corresponds to
gasoline and then dividing by the average monthly or
annual gasoline price. Data on retail sales at ser-
vice stations are available in the 1972 and 1977
Census of Retail Trade or from the state tax depart-
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ment on a more current basis.
follows:

The equation is as

Gal of gasoline = [Retail service station sales (§)] (0.75)
x [1/(Avg §/Gal)] )

This method has several critical assumptions that
affect the estimation of gallons sold. First, the
percentage of gasoline sales is estimated as a por-
tion of total service station sales. Second, retail
sales taken from the census are limited to estab-
lishments where gasoline sales are 50+ percent of
retail sales.

Gasoline is sold not only through gasoline and
service stations (other merchandisers sell gasoline;
e.g., Sears, and major users may obtain supplies
directly from wholesalers); therefore, this method
will underestimate sales and will not be useful for
ongoing monitoring because of the long intervals be-
tween up-to-date source data.

Another variation of the retail sales approach is
to use localized sales tax reports, where available.
In New York State some counties and cities have
local sales taxes. In these instances the New York
State Department of Taxation and Finance is able to
calculate the dollar amount of local sales of goods
and services at gasoline retail stations. Proceed-
ing as shown in Equation 5, the current gasoline
sales at the substate level can be estimated. The
New York State Department of Taxation and Finance
will not publicize the sales tax collection data,
however, because of departmental confidentiality
rules. On the local government level, such data can
be obtained from 1local treasurers' offices after
receipt of the tax collected from the New York State
Department of Taxation and Finance.

This method holds the greatest promise of accu-
rate and timely reports of substate fuel sales for
local government entities that have a sales tax of
their own. Note that, in New York State, this pro-
cedure addresses the problem of a major distributor
that serves a large area made up of several local
government entities. The sales tax in New York
State is levied at the point of delivery, not at the
location of the office of the seller. Thus, if fuel
is delivered to the location of a major user, it
would be reported at that location.

Partition Approach

The New York State Energy Office statewide total of
gallons of gasoline consumed is partitioned by the
appropriate study area share (5). Percentage shares
are based on county sales tax revenue (which can be
adjusted for counties that do not have a sales tax),
number of service stations in the county, and sales
revenue for businesses in the county categorized as
gasoline service stations.

Gasoline = [Total statewide gasoline consumption]
x [Partitioning share] 6)

Registration Approach

The registration approach obtains a measure of re-
gional fuel consumption from vehicle registrations,
annual miles driven per vehicle, and average fuel
efficiency. Clearly, on the substate level, all
three of these measures may be difficult to obtain.
Vehicle registration data are (at considerable ex-
pense) available from R.L. Polk and Company if un-
available from state motor vehicle departments.
Fleet efficiencies can be calculated by using the
historical new car Polk registration data and new
vehicle efficiencies reported in annual U.S. Depart-
ment of Enerqy and U.S. Environmental Protection
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Agency Gas Mileage Guides.
numbers may also be used.

National fuel efficiency

Gal of gasoline = [1/MPG] [Avg annual miles/Vehicle]
x [Number of vehicles] (7)

Annual miles driven per vehicle is probably the most
difficult variable to obtain for this approach and
the one to which this method is most sensitive.

This method appears to have considerable merit
for ongoing monitoring efforts where the focus is an
assessment of the impact of changing fuel efficien-
cies on fuel consumption in a certain area. In this
case annual miles driven per vehicle could be held
constant to conduct a ceteris paribus analysis.

Results of Case Study

Table 4 gives a summary of results for Monroe County
by using six of the nine methods developed by
NYSDOT. A comparison of the results of the methods
shows that the partition approach gives an estimate
at the high end of the range, and the retail sales
approaches give the lowest estimates. The range of
estimates is large compared with the mean of the
methods. A presentation of the complete nine meth-
ods is shown elsewhere (2). This pattern would
point to systematic errors in the procedures. To
resolve which procedure would give more accurate
results it might be useful to estimate fuel consump-
tion for each area in the state by each method, ag-
gregate each method's total, and compare the differ-
ence between individual totals and a statewide total
reported from other sources. This test is beyond
the scope of this paper.

Many of these methods deal with fuel sales; how-
ever, our focus is usually on fuel use. The avail-
able data reflect sales within a geographic area;
however, sales in an area do not necessarily reflect
consumption in that specific area. For example,
price differential due to the effects of local sales
taxes may affect border crossings; corridors of in-
terstate travel and tourist areas may also be af-
fected. Sale versus use distortion for a particular
political subdivision can possibly be explained by
service station location, proximity to highway sys-
tems, and density of development.

The estimation of diesel fuel use at the substate
level is a more complex problem even though the reg-
istration, retail sales, or partitioning approach

Table 4. Summary of estimates of gasoline consumption by six NYSDOT
methods for Rochester area.

Year of Gallons
Method Estimate (000s)
Network 1977 235,759
Household 1999 265,735
Number of stations
Census of retail trade 1977 161,874
New York State Department of 1979 248,270
Environmental Conservation
Retail sales
New York State Department of 1978 144,532
Taxation and Finance
Census of retail trade 1979 174,270
Partition
New York State Energy Office, 1978 331,731
tax based
Fraction of retail sales at service 1977 321,190
stations
Fraction of total service stations 1977 262,284
Registration 1978 306,152
Range 187,199%92

Mean 254,234

ICalculated by 331,731 - 144,532 = 187,199,
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would appear to be applicable. For now diesel con-
sumption by the passenger automobile sector is not a
significant factor. Diesel use is largely dependent
on trucks (found in R.L. Polk and Company reports),
buses (found in annnal transit operatina reoorts of
the American Public Transit Association), and non-
highway vehicles; therefore, diesel fuel use does
not have the same relationship as the one between
automobiles and gasoline sales. Diesel city bus op-
erations can be identified easily from annual oper-
ating reports. The location of other users of
diesel fuel is difficult to determine, however, be-
cause the service provided, and consequently the
fuel used, may not be in the location in which the
vehicle is registered or the fuel is purchased. As
a result, estimates of diesel fuel use may vary sig-
nificantly with respect to actual use. In recogni-
tion of the obvious 1limitations im using truck
registration, retail sales, or a partitioning ap-
proach, the estimates obtained should be used judi-
ciously.

Discussion of Results

This case study covers only one of the 10 categories
noted in Table 1; however, it is characteristic of
most of the problems encountered in attempting to
identify data for monitoring purposes.

The activities of NYSDOT have not been limited to
the preparation of the Data Source and Reference
Directory (1) and the subsequent examination of data
reporting problems. NYSDOT maintains an extensive
computer data base that encompasses most of the 10
categories noted in Table 1. In addition, NYSDOT
prepares a transportation statistics report that
monitors and tracks trends in key measures of trans-
portation activity. Most of the data readily avail-~
able reflect direct or indirect measures of trans-
portation system background activities. For
example, a direct measure is gasoline sales, which
reflect, to a large extent, travel actions or pur-
chase actions of the motoring public. Employment
affects transportation use as well as trip genera-
tion. This type of sociodemographic measure repre-
sents a somewhat more indirect measure of the trans-
portation background. By monitoring the activities
of interrelated parameters one can keep track of the
transportation system's performance at varying
points. In some instances likely near-future per-
formance based on comparison with earlier data can
be anticipated; however, bumps in the data or trend
lines are not always easily explained.

Of the 10 categories listed in Table 1, six
parameters emerge that can be monitored to best de-
tect changes in system travel, travel behavior, and
the subsequent change in transportation energy use.
These are most directly related to transportation
system performance:

1. Fuels use--gasoline and diesel,

2. Fuel prices,

3. Vehicle registrations,

4., Vehicle efficiency,

5. Use of transit and transportation service
data, and

6. Highway use.

The other categories noted in Table 1 affect travel
background and transportation energy use, but not to
the extent of these six variables.

GENERAL FINDINGS

Data collection and monitoring are extremely re-
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source-intensive, both in terms of direct dollar
expenditure and time involved in finding appropriate
sources. A good starting point would be a compen-
dium of available statistical data sources, such as
the Data Source Directory (1). This directory
should be comprehensive in sources and level of de-
tail available. Some sources may no longer be
readily available because of the current trend
toward deregulation of certain transportation indus-
tries {e.g., demise of the Civil Aeronautics Board
and proposed trucking deregulation). The available
commercial data sources, such as R.L. Polk and Com-
pany and I.P. Sharp and Associates, should be ex-
amined. These sources may have the required infor-
mation, but the cost factor could be significant.
The cost element would be a serious consideration
for many state and county departments involved with
transportation and transportation energy.

Another concern is that of the data being disag-
gregated to the proper level. The collected data
series shonld match the data requirement: i.e.. gas-
oline use at the county or urban level. Problems
with estimation have already been discussed. A
third difficulty for data users is consistency of
the data over time. Any inconsistency (because of
changes in collection or preparation procedures) can
lead to serious difficulties in interpretation of
trends.
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Computerized Method for Updating Planning Data Bases
Used in Travel Demand Forecasting

LARRY W. McPHERSON, CLINTON L. HEIMBACH, AND LARRY R. GOODE

Data bases that have been created for use in urban transportation studies de-
scribe the urban environment for only one point in time. With the exception
of simple manual techniques, no provision has been made for updating these
planning data bases on a continuing basis. The objective of this study was the
design and implementation of a computerized information system capable of
supporting the continuing socioeconomic data requirements for the travel de-
mand forecasting phase of the urban transportation planning process. Agency
operating and administrative records from state and local governments

serve as system input. The system performs a geographical analysis that de-
termines the home base locations for these records and, hence, the data that
they contain. Subsequent to this geographical analysis, the system aggregates
the data on a small area basis required by the travel demand models in the
planning process. Requirements for data confidentiality established by law
for certain socioeconomic data led to the development of a mathematical
model that predicts the income variable. The model is based on harmonic
analysis and is specified as a Fourier series. The transportation planning infor-
mation system developed during the course of this research is capable of syn-
thesizing, on a small area basis, the demographic and employment data used
in the transportation planning process for urban study areas that have
populations less than 500,000, This conclusion is supported by the findings
from system implementation and testing in Greensboro, North Carolina.

Data bases created for urban transportation studies
describe the urban environment for only one point in
time. With the exception of simple manual tech-
niques, no provision has been made for updating
these planning data bases on a continuing basis.
The difficult, and sometimes impossible, task of
continually updating the transportation planning
data base is reflected in both direct and indirect
costs. Direct costs are straightforward expendi-
tures of time or money. An example of direct cost
is the 8 person-months required to manually update
the employment and dwelling unit inventory for an
urban area that has a population of approximately
200,000 persons., Indirect costs accrue whenever the
transportation planner cannot respond to the trans-
portation needs of the urban area because the plan-
ning data base is not kept in an accurate, complete,
and current condition. 1Indirect costs tend to be a
function of how well the initial planning data in-
ventories are updated.

Currently, no means exist, except on an ad hoc
basis of staff estimates, for keeping the planning
data inventories of household size, household in-
come, and car ownership updated. Even though quan-
tification of these indirect costs is difficult,
over time the indirect costs would exceed the direct
costs involved in updating the planning data base.
Therefore, this study focused on the development of
a computerized system capable of monitoring and re-
cording those changes in the urban environment that
can then be used to update the transportation plan-
ning data base periodically. The updated transpor-
tation planning data base can then be used to pro-
duce estimates of travel demand derived at the
household level, or any other higher level of aggre-
gation desired.

LITERATURE REVIEW

Writers in the field of transportation engineering
generally agree that the ultimate success of the
urban transportation planning process (UTPP) depends
in large part on an information system that can pro-
vide a source of current, accurate, and timely plan-
ning data. These same writers are in less agree-

ment, however, about the design specifications for
such an information sytem. Regardless of the vari-
ous features that could be manifested in such a sys-
tem design, the consensus was that any information
system designed to support UTPP must be capable of
monitoring and reflecting socioeconomic change that
may occur in single-family households throughout the
planning area wunder consideration. The single-
family household is the basic unit of analysis used
in the travel demand phase of UTPP and is the reason
that any well-designed data monitoring and retrieval
system must be capable of quantifying change in any
of several household characteristics, including (a)
family size, (b) family income, and (c) family car
ownership. Street addresses were the suggested
means for linking or referencing these data to spe-
cific household units in the planning study area
under consideration.

The literature review disclosed no general theory
of information system design that could serve to
establish an operational framework for a particular
data system capable of supporting the data require~
ments for transportation planning. Recent work,
however, in the disciplines of information and com-
puter science allows a logical and common-sense de-
sign approach to the urban transportation planning
information system (UTPIS). One such conceptual de-
sign by Peat, Marwick, Mitchell and Company (PMMC)
demonstrates such an a posteriori approach to UTPIS
development (1).

The major findings of the PMMC study that are
germane to the research reported herein are as
follows:

1. The potential for wusing secondary data
sources (i.e., government records) to update trans-
portation planning data bases and

2. The use of computerized geocoding techniques
for linking these data sources to geographical areas
of interest.

METHODOLOGY

The design and development of the North Carolina
Urban Transportation Planning Information System
(NCUTPIS) required two analytical techniques. They
can be listed in order of importance to this re-
search effort as: (a) computerized geocoding and
(b) harmonic analysis.

Computerized Geocoding

The single most important element in the design of
NCUTPIS was the geocoding subsystem that can assign
locational (areal) codes to government source-data
records automatically. A geocoding system provides
the mechanism for linking together a variety of di-
verse data sources that may have, only one common
link (e.g., street addresses). After the data have
been linked to specific areal units (e.g., traffic
zones) they can be aggregated to any other higher
level of spatial detail. The geocoding process pro-
vides a convenient framework for continuous monitor-
ing and updating of transportation planning data.
The address matching and geocoding process is illus-
trated in Figure 1 (2).
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Figure 1. Address matching and geocoding process.
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Figure 1 shows that address matching is simply
the process of matching data records in two files
(address and reference) on the basis of street name
and number. In the example 109 Lombardy Road .(ad-
dress file) is first matched to a range of addresses
101-199 along Lombardy Road (reference file). After
the match has been made the geographic identifier
(geocode) 622 is appended to the matched record.
This process of geographic ~identification is re-
ferred to as geocoding.

Once a file of individual addresses has been geo-
coded, any data related to those addresses can be
summarized according to any geographical or areal
units of interest. For example, the total number of
vehicles can be tabulated according to the traffic
zones in which they are registered.

A computerized geocoding system is inherently
complex but potentially powerful. An example of
such a system is the UNIMATCH geocoding procedures
developed by the U.S. Census Bureau. UNIMATCH is
complex but has a powerful potential for geocoding.
The U.S. Department of Transportation ({USDOT) spon-
sored a project in 1978 aimed at facilitating use of
that system. The UNIMATCH system includes proce-~
dures for address matching, printer graphics, gener-
alized record linkage, and programmable text genera-
tion (3). The technology transfer project sponsored
by the USDOT consisted of installing these proce~
dures in the Urban Transportation Planning System
(UTPS) environment for convenient use by transporta-
tion systems analysts, engineers, and planners.
This interagency project was successful and has re-
sulted in the most sophisticated, generalized record
linkage system currently in existence in the field
of transportation (4). These address matching-
geocoding procedures were first field tested suc-
cessfully at the North Carolina Department of Trans-
portation's (NCDOT's) Computing Center in June 1979.

Harmonic Analysis

Harmonic analysis was the second most important
analytical technique used in developing NCUTPIS.
Harmonic analysis was used to express the income-
estimating model as a Fourier series. Functional
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expansions in Fourier series and their uses are part
of a branch of mathematics known as orthogonal func-
tions. These functions have many important engi-
neering applications because of their curve-fitting
Clhiaracieristics,. Ofien a Fuurier series 1s wriillen
for some function whose values are glven numeri-
cally. The process of finding the Fourier coeffi-
cients for such a function 1is called harmonic
analysis (5).

Many applied mathematical texts treat the situ-
ation where a given function [£(X)] can be expanded
over the interval (-L, +L) and into a series of the
type:

00 =(a/2)+ T ayCos [(amX)L] + = by Sin [((X)/L] 1
n=1 n=1

and a, and b, are given approximately by

a0 =2/K ' [(Xp) Cos [(nX, L] 1)
and
b, = 2/K p'fi' F(X,) Sin [(a7Xp /L] 3

when the expansion interval (-L, +L)} is divided into
K equal parts of length AX = 2L/K and xp (p =0,
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Ay @f o s e NTLy GFE W€ Tan
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Income Model Construction by Harmonic Rnalysis

Manual construction of income models can be a te-
dious and error-prone task. The computer program
HARANAL was written to help with this developmental
task. The program is designed to read tabular per-
centages, fit the data with a harmonic series, and
prepare a printer plot of the results (6).

Data for the calibration of income models are
usually available from comprehensive origin and des-
tination surveys. Other sources of data are the
1970-1980 Census Urban Transportation Planning Pack-
ages. Car ownership-income models have been devel-
oped from census data for a number of urban centers
across the United States, including the North Caro-
lina cities of Greensboro, Winston-Salem, High
Point, and Raleigh (7). None of these models, how-
ever, was based on mathematical analysis.

CONCEPTUAL STRUCTURE OF NCUTPIS

Although the conceptual structure of the transporta-
tion planning data system developed during this re-
search was based on the PMMC study, it is distin-
guished from that work in three important aspects.

1. In the design of NCUTPIS major emphasis was
placed on the travel demand data requirements of
North Carolina's current urban transportation plan-
ning process. No attempt was made to develop a
system that would meet all of the urban center's
potential land use and transport planning data re-
quirements. Design emphasis was placed on meeting
the immediate needs of the continuing UTPP and also
on providing the flexibility for future expansion of
the system to include the collection of other high-
priority data items.

2. An attempt was made to make NCUTPIS more
user-oriented by use of the geocoding procedures
found in the familiar UTPS environment.

3. NCUTPIS includes computerized techniques for
development of an income model.

The conceptual structure of NCUTPIS that was de-
signed to produce current planning data used for
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travel demand is shown in Figure 2. Figure 2 illus-
trates four major components. The first component
consists of six source data files. all of these
source files can be obtained from the routine oper-
ating or administrative records of state or local
government agencies. These six files are used to
feed original source data to NCUTPIS . Table 1 sum-
marizes the data contents of each file and also in-
dicates ownership and geographic coverage.

Figure 2. Conceptual structure of NCUTPIS.
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The second major component of NCUTPIS consists of
all the computer programs needed to extract, format,
merge, sort, and summarize the planning data. This
software is contained in the UTPS Macro Procedure
Generator System (UGEN) or maintained in the utility
procedure library of NCDOT's Computing Center.

Mathematical models make up the third major sys-
tem component. As expected, limitations exist on
the use of original source data. In many situations
legislation imposes confidentiality requirements on
the use of agency data that relate to employment,
income, revenue, or sales. Mathematical models can
be constructed and used in a manner that complies
with established confidentiality requirements. The
income-estimating model used in NCUTPIS is a good
example of the synthesis of sensitive data.

The fourth system component consists of two sur-
veillance subsystems designed to produce current
demographic and employment data on a small zonal
basis. The demographic subsystem is designed to
produce the following data for each traffic analysis
zone in the study area:

1. Total number of single family housing units,
2, Total population,

3. Population less than 6 years old,

4, Population 6 to 17 years old,

5. Population 18 to 64 years old,

6. Population more than 64 years old,

7. Total number of vehicles,

8. Number of vehicles by age group,

9. Number of vehicles by weight classification,
10. Number of trucks,
11. Number of pickup trucks,

12. Number of motorcycles, and
13. Average income.

The employment subsystem is designed to produce
estimates of employment by place of work for each
traffic analysis zone broken down by the standard
industrial classification (SIC) categories.

Source Data Files

Six magnetic tape, source data files are used as in-
put into NCUTPIS and are listed in Figure 2. Table
1 summarizes the data content of these source files.

Motor vehicle registration was obtained directly
from NCDOT's Division of Motor Vehicles vehicle
master file. Data contained in this file can be
geocoded and summarized by traffic analysis zone.
These summaries can serve as direct input for travel
demand models used in the continuous planning pro-
cess. They also serve as the primary input to the
income estimating model.

Data on dwelling units were obtained directly
from public utility water billing records. Other
public utility billing records, including telephone
and electricity, can provide additional housing
data. These billing records are geocoded and sum-
marized by traffic analysis zone. The housing
counts derived from these billing records serve as
direct input into travel demand models.

Data on the population age group 16 years and
older were gleaned from the NCDOT's Division of
Motor Vehicles' licensed driver master file. This
file required significant modification before it was
used in NCUTPIS. The driver file normally resides
in disk storage. The driver records had to be ex-
tracted and output as a tape file before they could
be geocoded by NCUTPIS. Population data on the age
group 5 to 15 were obtained from public school reg-
istration records. Usually two separate school
files must be geocoded, one from the county and one
from the city. Population data on the age group
birth through 5 were obtained from the Department of
Human Resources.
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Table 1. Data file source, ownership, geographic coverage, and use restrictions.
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Geographic
Source of Data Ownership Type of Data Coverage Restrictions
North Carolina DOT’s Division NCDOT Vehicle registration by State and county Confidential data—release con-
of Motor Vehicles vehicle master type and owners’ trolled by Division of Motor
file addresses Vehicles
Local utility billing master file City Dwelling unit addresses City None
North Carolina DOT’s Division NCDOT Licensed drivers’ addresses  State Confidential data—release con-

of Motor Vehicles licensed
drivers master file

North Carolina Public Schools County and city

North Carolina Doportmont of Dopartment of Human

North Carolina State Employment N.C. State Employment
Security Cominission summary Security Commission
file

Student addresses
Addresacs of births and State
Human Resources birth/death file Resources deaths

Address of employment
by SIC code

trolled by Division of Molor
Vehicles

Confidential data—release con-
trolled by county or city
public schools

Confidential data—rcleasc cons
trolled by Department of
Human Resources

Contidential data—release con-
trolled by state law through
Employment Security Com-
mission

County and city

State and county

Employment data are the single most difficult
data that the transportation planner has to assemble
on a zonal basis. The most promising sources of
employment data are the files maintained by state
departments responsible for administering unemploy-
ment insurance programs (i.e,, the State Departments
of Labor and Employment Security). NCUTPIS extracts

amed mermamt Aaba fonm bha Tmelacmamb
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sion's master file,

Collectively, the six source data files shown in
Figure 2 provide the current, raw data input to
NCUTPIS. This system extracts and then, on a zonal
basis, summarizes the socioceconomic data found in
the source files. These data can then be used di-
rectly or indirectly as input to travel demand
models.
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Computer Software

The set of computer programs used to support the
operations of NCUTPIS includes two major components:

1. The address matching and geocoding procedures
and

2. The generalized utility procedures used for
the sorting, merging, summarizing, manipulating, and
analyzing tasks.

These procedures are currently maintained at the
NCDOT Computing Center. This center will supply
program documentation on user request.

Address Matching and Geocoding Procedures

The process of record linkage is sometimes referred
to as file matching. File matching involves the
transfer of data from one file to another when cer-
tain matchkeys and predefined criteria are met.
Address matching is an important special case of
record linkage. Four UTPS computer programs accom-
plish the address matching and geocoding tasks (3):

1. UGEN--The UTPS procedure generator (UGEN) was
written so that some severe limitations of IBM pro-
cedures (PROCS) could be overcome. These limita-
tions include (a) no conditional generation of data
description (DD) cards, (b) PROCS could not be used
to generate or modify program data cards, and (c)
PROCS cannot invoke other PROCS. UGEN overcame
these limitations by providing a method for the UTPS
user to enter familar UTPS Job Control Language
(JCL) and parameters and have the required JCL and
parameters for the record linkage programs gener-
ated. UGEN input may consist of several jobs where

each job may contain several steps. The EXEC cards
may contaln references to programs, catalogued pro-
cedures, or MACRO PROCS (any procedure recognized by
UGEN) that can be interpreted by UGEN. UGEN outputs
a file that is read by the operating system and ex-
ecuted as a sequence of one or more batch jobs.

2. USORT--USORT is a MACRO PROC designed to pre-

nara =2 sinmala anrdE TND qbam £faw  asenmiad§am rIenoDm
PSIT & DSingal B8t JUS SUCP LOr TRETUCICH. Uy

calculates required work space automatically. This
PROC requires no SYSIN file for the sort parameters
because they can be given as EXEC keywords. The
USORT PROC is used to sort the PICADAD file in prep-
aration for input into the UGEO PROC.

3. UDIME--The UDIME MACRO PROC prepares GBF/DIME
files for input to the UGEO MACRO PROC. The origi-
nal GBF/DIME files are created by the CUE (correc-
tion, updating, and extension) program from the cen-
sus. These files must be initialized by the ZIPSTAN
and GBFSPLIT programs and then sorted. UDIME accom-
plishes these job steps with a minimum of user speco-
ifications. UDIME outputs a permanent file that be-
comes the GBF input file for the UGEO program.
UDIME also provides the single most important design
feature for NCUTPIS. It provides the user with the
capability of defining traffic analysis zones in
terms of the geography contained in the GBF/DIME
file. As with the other MACRO PROCS, UDIME must be
invoked with UGEN.

4. UGEO--The UGEO MACRO PROC, like other UTPS
PROCS, has a compilation and an execution phase.
The execution of UGEN constitutes the compilation
phase. The execution phase consists of a series of
nine complex steps of computer processing available
through a single EXEC card and several keywords.
UGEO requires two reference files and one data file
as input. The reference files are PICADAD and
GBF/DIME for the particular urban center for which
data are being geocoded. PICADAD is used to obtain
place codes for each city name. UGEO outputs a file
that contains the original data records, each of
which are appended with a matchkey composed of stan-
dardized address fields and any geocodes that the
analyst has requested.

In summary, UGEN was developed to simplify the
use of computerized address-matching systems. The
computer processes in the system are inherently com-
plex. System users required automation of these
processes in order to prevent a labor-intensive and
error-prone operational task. Hence, UGEN was de-
signed as the interface between the user and the
computer operating system (0S). UGEN prevents much
of the drudgery, complexity, and redundancy involved
in user specification of sophisticated computer pro-

Ir
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Figure 3. Flowchart for address matching and geocoding process within UTPS
environment.
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cesses. The UTPS user prepares a card deck with the
step that invokes UGEN via a catalogued JCL proce-
dure. The data for this step include the user's
whole job. UGEN reads the user's JCL and UTPS pa-
rameters, generates a JCL job stream, and later sub-
mits this job to the computer OS if no errors are
detected (3).

Generalized Utility Procedures

Several utility programs were developed to support
the UTPS computer programs discussed. The general
purpose of these utility programs is to prepare the
source data for input into NCUTPIS and to summarize
and report on the geocoded output data. One special
purpose program provides the user with a generalized
curve-fitting procedure and is capable of preparing
a computer plot of a user-specified income model.

Currently, four utility programs support the UTPS
geocoding programs:

1. SCREEN--SCREEN reduces a source data file
that contains addresses for several cities to a data
file that contains addresses for a single city.
This file can be geocoded much faster than can the
unreduced file.

2. REFORMAT--REFORMAT reformats records from the
data file that may not be suitable for input to the
UTPS geocoding programs. For example, the street
name field may precede the street number field. The
UTPS geocoding programs require the switching of
these fields by the REFORMAT program.

3. SUMPORT--SUMPORT provides for the summary,
reporting, manipulation, and analysis of the data
that are located in the geocoded records output from
the geocoding programs.

4. HARANAL-~HARANAL provides a generalized
curve-fitting capability that is based on Fourier
series and harmonic analysis. The output includes a
harmonic equation of the fit and a printer plot of
the calculated and observed tabular values. This
procedure can prepare a printer plot of a user-
specified income model.

The sequencing of both the utility and UTPS pro-
grams is shown in Figure 3. This sequencing is in-
tended to manifest the essential aspects of the data
acquisition tool (NCUTPIS) that was designed during
this study to support the travel demand models used
in UTPP.

Income Models

Development of a mathematical model to estimate in-
come became necessary because of confidentiality
requirements established by law. Federal and state
revenue agencies are prohibited by law from releas-
ing their income tax files to other agencies, even
for planning purposes. If not for this constraint,
an income file would have existed from which zonal
incomes could have been extracted directly. Fortu-
nately, the confidentiality constraint can be over-
come by use of the income-estimating model.

Surveillance Subsystem

The fourth system component was designed to collect
zonal summaries of wurban transportation planning
data on the two functional categories of demography
and employment. The structure of each subsystem is
shown in Fiqures 4 and 5.

Demographic Subsystem

The demograhic summary procedures will produce 13
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items of demographic data annually for each traffic
analysis zone in the study area.

The demographic subsystem structure requires five
of the source data files (shown in Figure 4) as sub-

system input
Employment Subsystem

The employment subsystem is designed to produce
zonal summaries of employment broken down by SIC
codes. The input to this subsystem was the North
Carolina State Employment Security Commission master
file, which includes the number of employees for all
establishments except small businesses and govern-
ment agencies. The employment subsystem structure
is shown in Figure 5.

IMPLEMENTING AND TESTING NCUTPIS

The North Carolina urban center chosen for initial

Figure 4. Demographic surveillance files.
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implementation of NCUTPIS was Greensboro. For the
purpose of analysis the Greensboro transportation
planning study area was divided into 302 traffic
zZones. Testing of NCUTPIS involved nothing more
than determining if the system could provide sum-
maries of population, single-family housing units,
vehicle ownership, average family income, and em-
ployment for each of the 302 traffic zones in the
Greensboro transportation planning area.

Demographic Subsystem

The demographic subsystem was initiaily tested by
using the vehicle registration file for Guilford
County as source data. The total number of vehicle
records in that file was more than 200,000. The
program SCREEN was used to reduce this to 122,727
records that contain only Greensboro addresses.
This source data file along with the PICADAD and
geographic base (GBF) files for Greensboro were
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input to the UGEO procedure. The output results
from this procedure are shown in Figures 6 and 7.

The entire demographic subsystem of NCUTPIS was
tested in a similar manner. Each new source data
file was input to the UGEO procedure. The output
from this procedure was then summarized over each
traffic zone. The first 25 zonal summaries for the
demographic subsystem are given in Table 2. Average
family income for these traffic zones (as estimated
from the Greensboro income model) are also included
in this table.

The following findings are suggested relative to
implementation of the computerized data retrieval
system (NCUTPIS) and are based on the data sets and
analytical procedures used during this investigation.

1. The match rate for the vehicle registration
file was 80.5 percent. The matched records total
included 89,844 matched with certainty and 8,973
matched with uncertainty.

Figure 5. Employment surveillance files.
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2. The match rate for Greensboro's water billing
file for dwelling units was 93.2 percent. The
matched records total included 51,421 matched with
certainty and 1,821 matched with uncertainty.

3. The match rate for licensed drivers in the
Greensboro area was 77.2 percent. The matched rec-
ords total included 96,916 matched with certainty
and 15,950 matched with uncertainty.

4. The match rate for county students living in
Greensboro could not be determined because of the
many non-Greensboro addresses contained in the
file. The file contained a total of 28,031 student
records of which 5,090 were matched to Greensboro
addresses with certainty and 4,570 were matched with
uncertainty.

5. The match rate for Greensboro city students
was 93.8 percent. The file contained a total of
22,835 records of which 20,241 were matched with
certainty and 1,170 were matched with uncertainty.

6. The match rate for births in the Greensboro
area was 65.9 percent. This birth file contained
10,325 records from 1974 through 1979 of which 6,233
were matched with certainty.

7. Harmonic analysis provided a convenient math-
ematical framework for the construction of the in-
come model.

8. Estimates of zonal income averages are easily
obtained from the income model.

9, NCUTPIS is completely user-oriented relative
to the UTPS environment.

Employment Surveillance Subsystem

The employment subsystem was tested in the same way
as the demographic subsystem. Greensboro employer
records as maintained by the North Carolina State
Employment Security Commission served as the input
data file. A match rate of only 49.2 percent was

Figure 6. Vehicle registration address matching run statistics matched with
certainty.
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obtained during the geocoding process. The primary
reason for this low match rate was the large number
of postal addresses found in the record address
field. Postal addresses cannot be processed by the
present version ©f RCUTFIS's matching pioceduie.
Until this address-matching problem is solved,
NCUTPIS cannot be used in extracting zonal employ-

ment data. The only other method that can be used

Figure 7. Vehicle registration address matching run statistics matched
with uncertainty.

AN 5T AT S0 E

32,A23 INPUT RECCRCS READ-=(NATAIN)

0 INPUT REJECT RECOROS READ--(REJTIN)

32,383 [NPUT RECORDNS SELFCTED FCOR PRCCESSING
23AB9-REEERENCF-RECORLS FEAN~=(REFFERIN}

2,301 UMIQUE RFEFERENCE FIL= KEVYS

0 TFMEDRARY QUTPUT ALCCKS WRITTEN-{WKFILE)
7 TEMRCRARY INPUT JLGCKS RFAC-—(WKFILE}

24 REFCRENCE CANCICATES IN MAXIMUM DCPMAIN

5 REFEﬁﬂENCE CANODIDATES IN AVERAGE DCMAIN
1. REFERENCT CAMNBICATES FNR AVG--CATA RECGRB
32,883 QUTPUT RECHROS WRITTFN—=(MTCHCUT)

0 CUTPUT RECCRIS WP ITTEA==(REJTCUT)

3,897 CRITIECAL FIELD RFEHECTS (CR)

18,4356 SEARCH FIELD REJECTS (SR)
1¢657 GROUP REJECTS (GR})
O SELECT REJECTS (5€)

0 DATA FILE SEQUENCE CHECKS

89973 RECCROS MATCHED (#7)
@ EXALCT MATLHES

MATCH RATE = 27.28 PER CENT

Table 2. Demographic subsystem output.
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to obtain employment data is the manual inventory or
survey.

SUMMARY

The main function of transportation planning is to
predict future traffic flows and patterns so that a
system plan can be developed that will provide an
acceptable level of service relative to the predic-
tions. Tremendous advances have been made in the
art of travel forecasting during the last 30 years.
The cost of performing travel forecasting has also
been tremendous, A major part of this cost involves
the collection of socioeconomic data that are the
determinates of existing traffic patterns in the ur-
ban area.

The objective of this study was the development
of a computerized data retrieval system that would
obviate the need for costly and time-consuming sur-
vevs. The development of such a data system re-
quired the construction and calibration of an in-
come-estimating model.

The analysis of system implementation suggests
the following conclusions:

1. The implementation of NCUTPIS shows it to be
capable of collecting the demographic and some of
the employment data used in the continuing UTPP.
NCTITPTS . therefore. acecomplishea the ohijectives that
were set forth for this research. No attempt was
made to provide a system design that could serve all
the data requirements for all types of urban plan-
ning. The data system, however, can serve as a
basis for any future expansion that may be desirable.

2. Conclusions as to how well NCUTPIS performed
its function of data acquisition tool could not be
drawn because no equivalent data base exists to
serve as a bench mark for measuring its perfor-
mance. What can be concluded is that NCUTPIS pro-
vides an operationally feasible method for maintain-
ing, on a small area basis, an urban transportation
planning data base by using data extracted from the
routine operating and administrative records of
state, county, and local government agencies.

Total Births
Single from Avg

Greenshoro Total Family 1974 Family
Traffic Vehicle Dwelling Licensed County City to Income
Zone No. Registration Units Drivers Students Students 1979 (%)

| 340 421 130 63 I 10 4,800

2 201 80 17 4 0 0 22,500

3 35 60 28 1 0 1} 3,600

4 80 150 101 83 9 6 3,500

S 188 104 85 39 8 10 16,000

6 173 154 68 24 2 2 6,400

7 107 148 68 5 7 2 4,500

8 204 155 268 2 169 22 7,500

9 502 352 706 62 29 32 8,100
10 62 15 73 4 3 6 22,500
11 661 447 793 171 94 50 8,500
12 231 81 105 9 11 9 22,500
13 494 366 521 2 54 24 7,500
14 502 332 595 11 40 27 8,960
15 898 723 1,050 42 142 103 6,800
16 681 416 482 13 209 32 10,500
17 60 109 94 0 24 10 3,550
18 42 94 31 0 0 0 3,500
19 14 78 16 0 8 0 3,500
20 1,377 998 1,227 63 411 73 7,800
21 277 311 471 4 484 35 6,100
22 330 241 443 13 275 16 8,900
23 1,122 867 1,273 16 317 128 7,400
24 112 77 66 0 18 12 8,300
25 168 227 222 37 14 4 4,600

1mni
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3. Implementation of NCUTPIS demonstrates the
importance of intergovernmental and interagency
working agreements. The overall effectiveness of
this data system depends to a great extent on these
agreements.

This study should provide useful guidelines for
implementation of similar information systems in
other urban centers. Note that the necessity for
developing an income model was revealed in this
study. Income data were not previously available on
a continuing basis from any other source. If income
is to continue to be the primary predictive variable
used in the simulation of urban travel demand, then
additional research must be performed to substanti-
ate the findings of this investigation. If subse-
quent substantiation cannot be furnished by re-
search, then a suitable substitute for the income
variable should be found. This substitute must be
easily monitored and collectible on a small area
basis. One possible substitute that has these char-
acteristics is family life-cycle.
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