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work was considered successful and will be used in subsequent revisions. 
After a review of various problems in gathering employment data, the 

workshop participants recommended that the U.S. Department of Labor 
advise the states that employment records can be shared with metropoli-
tan planning organization staffs without confidentiality problems. More 
and more states are restricting the use of the employment file, which is 
considered an important data source for a key indicator of changes in an 

area. 
Population is the most important planning variable that all should col-

lect. It was noted that the Office of Management and Budget requires 
that all federal agencies use revenue-sharing estimates and that state agen-
cies should do the same. Each state or local area can find any number of 
methods for estimating and forecasting population. 

Relative to Studer's paper, it was noted that, although population es-
timates and forecasts are important, a transportation analyst relates to 
traffic-count data. The traffic-counting program in the United States is 
extensive and participated in by all levels of government. In many areas, 
it is the basic source of data for urban-area surveillance. 

The uses of traffic-count data are extensive. If the data are properly 
organized, one count at one location can be used for many purposes: 
calculation of vehicle kilometers of travel, traffic-flow diagrams, trends, 
congestion indicators, fuel use, calibration of models, accident rates, 
local area travel as part of a larger total, Environmental Protection 
Agency needs, and especially citizen and business needs. 

The workshop participants generally agreed that traffic counts are 
worth their cost. There are, however, improvements in the efficiency 
of the process that can be made; it can be more highly mechanized and 
the duration of the counts can be shortened. State counts can be sub-
contracted to local units of government to decrease travel expenses. 
Similar administrative revisions in procedures could reduce the costs. (The 
costs of traffic counting in 10 states range from $400 000 to $1 300 000/ 
year. In Minnesota, it is estimated to cost $15.20/short mechanical 
count.) 

Some of the final observations include the following: 

Traffic counting is both essential and traditional. 
The input from urban planners into the location of traffic count-

ing stations should be increased. 
There should be more short counts. 
There is generally too much rural counting and not enough urban 

counting. 
Metropolitan planning organizations should consider collecting suf-

ficient traffic counts during 1980 when the census will be undertaken. 
Existing traffic-counting programs at the local level should be coor-

dinated among the various governmental agencies. 
Traffic counts are a very effective basis for a surveillance program. 

B. Sampling theory is very important in selecting traffic-count loca-
tions. 

Geographic Data Resources for Small and 
Medium-Sized Urban Transportation 
Planning Programs 
Jacob Silver, Geography Division, U.S. Bureau of the Census 

Census data in terms of total numbers are sometimes of limited value 
to transportation planners. Some of the special tools developed by the 
Census Bureau can be more useful in obtaining small-area data. For 
example the geographic base file-dual independent map encoding (GBF/ 
DIME) system provides what is essentially a computerized map of an 
area and is invaluable to any local planning effort in cross-referencing 
street addresses and in geographic coding of an identifiable addressed 
area. Another helpful program was developed to correct, update, and 
extend the information contained in the GBF/DIME system. The Census 
Bureau has also done extensive work in identifying legal geographic en-
tities and in determining their relationships to one another, based on 
laws, statutes, court rulings, and such. In addition to legal area boun-
daries, which change frequently, the bureau defines fixed statistical 
geographic units (such as census blocks, census-designated places, and 
county divisions) that can be useful in urban transportation planning. 

The value of census data is directly related to the 
ability of the Census Bureau to classify them geographi-
cally. The total population of the United States is an 
interesting number—about 218 million persons at this 
time—but, by itself, this number has limited use. For 
the local data user, it is important to be able to identify 
the population, for example, within the state of Florida, 
within the corporate limits of Sarasota, within census 
tract 10, perhaps even within block 301. 

The same is true in the transportation planning pro-
cess, whether it is for a small or a large urbanized 
area. Total figures are interesting, but they do little 
to provide the information needed by those working in 
the week-to-week planning process. This paper reviews 
certain geographic tools, as well as selective legal and 
statistical areas developed or used by the Census Bureau, 
that have also been adopted and used by many transpor-
tation planning operations to obtain small-area data. 

THE GBF/DIME SYSTEM 

What Is the GBF/DIME System 

A computer file that contains systematically organized 
geographic information is referred to as a geographic 
base file (GBF). 

In an approach to the organization of a GBF that uses 
graph theory as the conceptual framework, each street 
on a map can be considered as a series of lines and each 
intersection of lines as a node point. An entire map 
sheet, therefore, can be viewed as a series of interre-
lated lines, node points, and enclosed areas (see Figure 
1). This approach is referred to as dual independent 
map encoding (DIME). The term DIME describes the 
fact that the basic file that represents the map geogra-
phy can be defined by two independent sets of identifiers 
for each line segment: (a) the node points at the end of 
each line segment (e.g., nodes 24 and 25 in Figure 2) 
and (b) the enclosed areas on either side of the line seg-
ment (e.g., blocks 101 and 102 in this figure). 

Thus, the Census Bureau GBF, which uses the DIME 
approach is referred to as the GBF/DIME file. The 
total GBF/DIME system is composed of a computerized 
geographic reference file, a metropolitan map series, 
a series of clerical and computer maintenance programs, 
and a series of user-oriented programs. 

The GBF/DIME file, itself, is a computerized version 
of a map. It contains all of the features shown on the 
Census Bureau's metropolitan map series plus block-
by-block address ranges, ZIP codes, and X-Y coordi-
nate values (latitude-longitude and state plane) where 
map features intersect. 

Each computer record in the GBF/DIME file identi- 
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fies a single segment of a feature between two node 
points and all of the geographic information related to 
that segment. A street or nonstreet feature on the map 
is divided into a series of segments (or records) as the 
result of intersections with other features. In Figure 3, 
Jones Street, between the two node points of 24 and 25, 
is a segment of that feature and will be a record in the 
GBF/DIME file. The address range along the even side 
is 100 to 198, and that along the odd side is 101 to 199. 
Associated with each side of the segment are the ap-
propriate codes for census block, census tract, place, 
ZIP code, and such. For local purposes, the file could 
also contain codes for school district, economic neigh-
borhood, or transportation zone. 

CUE Program: A Cooperative Effort 

The Census Bureau, in preparation for the 1980 census 
of population and housing, has established a cooperative 
program with local agencies—for the correction, up-
date, and extension (CUE) of the GBF/DIME system. 
Under the CUE program, the Census Bureau provides 
local agencies (mainly councils of government and re-
gional and county planning agencies) with the clerical 

Figure 1. Conceptual framework of dual independent map 
encoding approach. 
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Figure 2. Two independent sets of identifiers. 
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procedures, processing methodology, quality-control 
programs, computer programs, and technical assistance 
necessary to carry out the establishment or the mainte-
nance of the maps and files. 

Although some agencies are able to clerically de-
termine the changes and additions to street features and 
political and statistical boundaries, they may not have 
available to them either the technical personnel or the 
computer facilities necessary to carry out the computer 
editing and maintenance phases of the program. Where 
this situation exists, the Census Bureau carries out the 
computer operations. In addition, as part of the cooper-
ative program, the Bureau inserts the X-Y coordinate 
values into the GBF/DIME files. 

The Census Bureau expects to have a GBF/DIME file 
for most of the 283 standard metropolitan statistical 
areas (SMSAs) in the United States (including the two 
newly announced SMSAs of Janesville- Beloit, Wisconsin, 
and Rapid City, South Dakota, and the four SMSAs in 
Puerto Rico). For the 1980 decennial census, by using 
the GBF/DIME files as the basic geographic reference, 
the Census Bureau expects to geographically code 40-45 
million household addresses out of the approximately 86 
million addresses to be enumerated. 

One point of clarification should be made. The GBF/ 
DIME files can be developed only where there is a city-
type address system; that is, there must be a street 
address number and name, e.g., 109 Jones Street. A 
geographic referencing system that handles rural route 
box numbers has not yet been developed. Also, a num-
ber of files that were developed by using local agency 
assistance may not extend as far out as the Census 
Bureau's urbanized-area boundary. This may be be-
cause a city-type address system did not exist that far 
out or because time ran out and the bureau had to pull 
the file in order to begin 1980 geoprocessing operations 
for the area. Therefore, what is really meant is that 
the urbanized areas of the SMSAs that contain city-type 
address systems will have GBF/DLME files. 

Local Application of the GBF/DIME System 

Although the GBF/DIME system was originally developed 
to serve as one of the geographic processing and coding 
resources for the Census Bureau in its decennial census 
operations, it has become increasingly important to 
agencies and organizations working at the city, county, 
and regional levels. It is becoming one of the basic 
tools used in local programs requiring geographic-area 
identification of address -relatable data. The ability to 
cross-reference (a) street addresses, (b) geographic 
codes, and (c) X-Y coordinate values provides a flexible 
geographic framework for management and for planning 
daily operational activities, as well as for research. 

The most common use of the GBF/DIME file is for 
the geocoding of addressed data. In such a case, the 
GBF/DIME file is used with an address-matching com-
puter program (e.g., the ADMATCH and UNUVIATCH 
programs developed by the Census Bureau). Such pro-
grams are designed to accept data records that contain 
street addresses and to append to the record the geo-
graphic unit in which the address is lpcated (see Figure 
ure 4). 

Address matching is the processing of matching 
records in two files on the basis of street name and ad-
dress number. As shown in Figure 4, 109 Lombardy 
Road is matched against the range of address in the 
GBF/DIME file and identified as being located in the 
109-199 address range of Lombardy Road. Once this 
match is made, the address (109 Lombardy Road) is 
assigned all of or selected geographic identifiers in the 
file (for example, school district 12, census tract 
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Figure 4. Illustration of address matching and geocoding 
process. 
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351.01, transportation zone 622, neighborhood 31). 
The GBF/DIME file has been successfully used in the 

areas of transportation, education, emergency services 
(law enforcement and fire protection), urban planning, 
health and welfare, and a wide variety of other public, 
as well as private-sector programs. The following two 
statements illustrate comments: 

From the Northeastern Indiana Regional Coordinating 
Council, Fort Wayne, Indiana, February 4, 1977, 

the GBF/DIME System's greatest benefit has been a timesaving device. 
Information that was hand-tabulated and aggregated in the past can now 
be done with the computer. This has allowed us to use our personnel for 
other tasks. 

From the Orange County Administrative Officers, 
Santa Ana, California, March 14, 1977, 

The GBF/DIM E file has enabled us to geocode data files previously con-
sidered too large to manually geocode. Through an Interactive Spatial 
Information System, we can access all geocoded variables in a minimal 
amount of time. This has increased our analytical capabilities because 
less manpower is required for data collection and aggregation so more 
emphasis can be applied to socioeconomic analysis. 

In the field of transportation planning, the GBF/DIME 
files have been used as the geographic reference input 
for such operations as 

Determining the distribution of motor vehicles 
within a community, 

Determining the distribution of origin and des-
tination of work (and other purpose) trips, 

Developing street-network and traffic-flow 
analyses, and 

Developing carpool programs. 

A typical example of the use that has been made by a 
medium-sized transportation agency is reflected in a 
letter dated September 3, 1974, from Dennis M. 
Strohbusch of the Three Rivers Coordinating Council, 
Fort Wayne, Indiana, to Hew Wiley, Zoning and Plan-
ning Commission, Springfield, Missouri, in which 
Strohbusch describes a geocoding operation: 

As the recognized Transportation Planning Agency, we were able to ag-
gregate 92,000 motor vehicle registrations (out of a possible 103,000 for 
a match rate of 90 percent). This could not have been done manually 
with the resources available to this agency, and even if they were, it 
would have taken 2 to 3 man-years to duplicate what the computer did 
in one hour. 

GBF/DIME files and the associated metropolitan map 
series will be available on a flow basis to local users 
after July 1979. A file and set of maps will be provided 
to each of the more than 300 agencies that assisted the 
Census Bureau in this program. 

LEGAL AND STATISTICAL 
GEOGRAPHIC ENTITIES 

Legal Geographic Entities 

The identification of legal geographic entities (such as 
cities, townships, and counties)—their names, the loca-
tions of their boundaries, and the relationship of one to 
another (such as, a municipality being legally indepen-
dent of or dependent within a township)—is essential to 
the proper location and tabulation of population and eco-
nomic data. As discussed in this paper, a legal area 
boundary is defined as one established by law, statute, 
treaty, ordinance, dr court ruling. These boundaries, 
however, are not static; they constantly change. To up-
date all such information, the Census Bureau carries 
out a number of surveys and works with local and state 
agencies. The principal such survey for transportation 
use is the boundary and annexation survey (BAS). 

The BAS is designed to obtain information concerning 
corporate boundary changes and changes in corporate 
status (that is, whether active, inactive, newly incorpo-
rated, disincorporated, or changed from village to city, 
and such) for the previous calendar year. For budgetary 
reasons, the annual surveys from 1971 through 1976 in-
cluded only those places that had a 1970 population of 
2500 or more persons; this involved approximately 5300 
places. In preparation for the 1980 decennial census, 
the survey was expanded in 1977 to include all incorpo-
rated places, regardless of population size. This ex-
pansion has added more than 13 000 places to the survey. 

In January of each year, each municipality in the 
survey is furnished with a map that shows its latest 
corporate limits according to Census Bureau records. 
Local officials are asked to review the map, update the 
boundaries if necessary, and certify that the map re-
flects the corporate limits as of January 1 of the survey 
year. Each map is accompanied by a questionnaire that 
request information concerning each boundary change, 
including the type of change (such as annexation, de-
tachment, or merger), the number of the official ordi-
nance or resolution authorizing the change, the effective 
date of action, the size of the area (in square miles or 
acres), and an estimation of the population and number 
of housing units in the affected area. 

In addition to the survey of incorporated places, each 
county is furnished with a list of all incorporated places 
within the county according to the Census Bureau records 
and asked to update the list by indicating whether any 
place has disincorporated, become inactive, merged 
with, or been annexed by another. The county officials 
are also asked to list all new incorporations, any previ-
ously inactive places that have been reactivated, name 
changes, changes in county boundaries, and, in 27 
states, any changes in name or boundaries of minor 
civil divisions. 

Based on the results of the surveys from January 1, 
1971, through January 1, 1977, approximately 35 000 
annexations and 600 detachments have taken place, 550 
new municipalities have been established, and 120 dis- 
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incorporations, mergers, and such have occurred. The 
four states that had the largest number of annexations 
are illinois, California, Florida, and Texas. Of the 
places that had populations of 2500 or more and reported 
corporate boundary changes during this period, more 
than 90 percent of the changes occurred in places that 
had populations of 2500-100 000. 

Statistical Geographic Entities 

Although census data tabulated by legal geographic entity 
are sufficient to satisfy certain users, information for 
these jurisdictions alone does not meet all needs. As a 
result, a number of statistical areas have been defined—
census blocks, census tracts, urbanized areas, census-
designated places, census county divisions, major retail 
centers, central business districts, census economic 
areas, and such—that are more meaningful and more 
useful to many census data users. However, unlike 
legal area boundaries, which change frequently, once 
defined, statistical boundaries are fixed for a particular 
census; they will not be redefined until that census is 
taken again. 

Census Tracts 

Census tracts (CTs) are probably the best known and the 
most widely used statistical unit for transportation pro-
grams. Many urban transportation studies have struc-
tured their transportation zone boundaries to match 
those of CTs or a combination of CTs. 

CTs are subdivisions of counties; they generally have 
populations of 2500-8000—the overall average population 
is approximately 4000. The actual delineation of tracts 
is carried out by local census statistical area com-
mittees made up of local data users; the Census Bureau 
provides general guidelines, detailed review, and ap-
proval of the plans to maintain an overall uniform stan-
dard. CTs have been established for all counties within 
the current 283 SMSAs and in a number of other heavily 
populated counties that have expressed an interest in the 
program. There will be approximately 44 000- CTs for 
the 1980 census, 40 000 within approximately 900 SMSA 
counties and 4000 within approximately 250 counties out-
side-of SMSAs. 

Although the basic tenet has been to keep CT boun-
daries as stable as possible, some modifications are 
necessary from time to time if the tracts are to con-
tinue to be useful and usable. Each proposed modifica-
tion is considered in terms of its effects on the useful-
ness to the tract program and on the reliability of the 
data and whether other means are available to meet the 
particular need. For the 1980 census, 75 percent of the 
34 000 tracts defined in 1970 will remain the same. 
About 8 percent of the CTs will be split with no other 
boundary changes (this is usually due to an increase of 
population within the census tract). For the remaining 
17 percent, there will have been major boundary changes. 

As in 1970, a digital file of all 1980 CT boundaries 
will be developed that can be used as input to polygon 
studies or for computer-graphic displays of socioeco-
nomic and transportation data. The areas of the CTs 
will be calculated for use in various density studies. 
These files will not become available until 1981. 

Urbanized Areas 

An urbanized area (UA) is a statistical unit that repre-
sents the urban core of an SMSA and generally includes 
a city that has a population of at least 50 000 or a city 
of at least 25 000 and, with the addition of the population 
of contiguous places [incorporated or census-designated, 

each of which has a population density of 386 persons/ 
km2  (1000/mile2)], has a combined areawide population 
of 50 000. In addition, the UA also includes the sur-
rounding contiguous territory that has a population 
density of at least 386 persons/km2. The original pur-
pose of this concept was to provide an identification for 
urban populations that exist around the major city(ies) 
of an SMSA, as well as to obtain a measure of the de-
gree of urbanization in metropolitan areas. 

New outer boundaries for each UA are determined 
after each decennial census. A major innovation to this 
program for 1980 will be the intensive use of aerial 
photography to develop preliminary outer UA limits that 
will later be refined by using the results of the enumer-
ation. 

Maps of the newly defined UA5 will not be available 
until the first quarter of 1981. 

Census -Designated Places 

In many areas, relatively large groups of people reside 
in communities that do not have legal status (i.e.., they 
are not incorporated municipalities such as a city or 
village) but nevertheless are identifiable by name and 
recognized locally. These areas also have many of the 
same types of urban characteristics as other closely 
settled areas. The census -designated place (CDP) 
program provides the vehicle for the identification of 
the boundaries of these areas (they were known as un-
incorporated places in previous censuses) and the pub-
lication of statistical data for them. 

The communities eligible for designation as CDP5 
are those that have a population of 1000 or more and a 
population density generally in excess of 386 persons/ 
km2  For 1980, the Census Bureau worked with a wide 
variety of state and local agencies as well as the local 
census statistical areas committees to identify these 
statistical areas and to define their boundaries. 

Once the designation as a CDP has been approved, 
there are no distinctions between the collection and tab-
ulation of statistics for an incorporated place or for a 
CDP having the same population size. In addition to 
providing data for these communities, the identification 
of these areas allows for better definition of the urban 
and rural populations. The Census Bureau classifies a 
place (incorporated or CDP) that has a population of 2500 
or more as urban; those that have fewer than 2500 are 
classified as rural. In 1970, 1151 unincorporated 
places having more than 11 million persons were de-
fined as urban and 951 having more than 1.5 million 
persons were defined as rural. 

Blocks 

A census block is an area bounded on all sides by fea-
tures (such as, a street, stream, or railroad track) 
shown on a Census Bureau map. Although it is similar 
to what one usually thinks of as a city block, it can be 
larger orsmaller. A block is also the smallest area 
for which selected census data are published. 

For the 1980 decennial census, the program for block 
statistics has been expanded. In 1980, all census-
defined urbanized areas will have block statistics, as 
will any incorporated place outside of an urbanized area 
that has a population of 10 000 or more. In addition, 
block statistics will be provided for any place or area 
not in either of the above programs that have contracted 
for them. Among the almost 850 places, counties, and 
such that have contracted, there are five states that 
contracted to have block statistics for all of the areas 
of the state outside of the Census Bureau's regular 
program; these states are New York, Virginia, Rhode 
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Island, Georgia, and Mississippi. It is estimated that, 
for the 1980 census, block statistics will be available 

for 2.5-3 million blocks (in comparison to the approxi-
mately 1.5 million blocks in 1970). 

Journey-to-Work Data from the 1980 Census 
Philip N. Fulton, Journey-to-Work Statistics Division, U.S. Bureau of the Census 

The 1980 census will be expanded to include more extensive coverage 
of journey-to-work subject matter. This paper presents an overview of 
the new and revised data the transportation planner can expect and 
describes the development of new coding resource materials that should 
facilitate the processing of incomplete responses and improve the quality 
of place-of-work coding to census tracts and blocks within metropolitan 
areas. 

Because of the growing need for data related to trans-
portation use and commuting behavior that is one of the 
results of post-1970 energy shortages, the journey-to-
work subject-matter area will be greatly expanded in 
the 1980 census. Plans include additional transportation-
related questions on the sample (long-form) question-
naire, development of new processing techniques for 
place-of-work coding, and preparation of tabulations 
that will contain information of greater use to transpor-
tation planners. This paper presents a brief overview 
of these aspects of the 1980 journey-to-work statistics 
program. 

JOURNEY-TO-WORK QUESTIONS 

The 1970 census contained two population items related 
to the journey to work: place of work and means of 
transportation to work. It also contained one 
transportation-related housing item: a question 
that asked the number of passenger automobiles owned 
or regularly used by members of the household. 

In contrast, the 1980 census sample questionnaire 
will not only contain inquiries on place of work and 
means of transportation to work (as in 1970) but also 
include new questions on carpooling arrangements, 
number of persons in the carpool, and travel time to 
work. The housing question on the number of automo-
biles available will also be repeated in 1980, and there 
will be a new companion question on the availability of 
trucks and vans. 

DEVELOPMENT OF NEW PROCESSING 
TECHMQUES FOR PLACE-OF- 
WORJ9DING 

The 1980 census question on place of work will require 
extensive hand coding to translate the written addresses 
given by respondents into machine-readable geographic 
codes for computer tabulation. However, the 1970 ex-
perience showed that the most serious problem en-
countered in place-of-work coding was the inadequate 
place-of-work address information given by many re-
spondents. This was not so much a case of refusal to 
answer as of a lack of knowledge as to the exact street 
address of the workplace. In other instances, especially 
for persons working in very large buildings or plants, 
the place of work simply had no street address that 
could be reported. 

Therefore, one important objective of the pretest 
and dress-rehersal activity has been the development of 
extensive lists of buildings, shopping centers, colleges 
and universities, military installations, and such es-
tablishments and the geographic coding of them for use 
in coding incomplete responses. Most notable among 
these materials is the standard statistical establish-
ment list, which has been prepared for the economic 
censuses program. 

The contribution of these materials toward improving 
the quality of place-of-work coding in small geographic 
areas in the pretests has been significant, and the plan 
is to prepare such lists for each standard metropolitan 
statistical area (SMSA) in 1980. In the final 1980 census 
pretest, the 1977 census of Oakland, California, about 
87 percent of the persons, enumerated on sample ques-
tionnaires who worked within the pretest blocked area 
were successfully coded to census tract and block of 
work. 

Another objective of the pretest activity has been to 
test the feasibility of coding the place-of-work responses 
in the approximately 410 census district offices where 
the data-collection operation will be performed. How-
ever, the pretest results have demonstrated that it will 
not be efficient to complete the place-of-work processing 
at that level of decentralization in 1980. The coding will 
therefore be carried out in the Jeffersonville, Indiana; 
Laguna Niguel, California; and New Orleans, Louisiana, 
processing centers. 

Although it has been determined that district-office 
place-of-work coding will not be feasible in 1980, two 
other approaches to using local knowledge in carrying 
out this work are being considered. The first possi-
bility is the use of the lists of major -traffic -generator 
names and addresses prepared by local metropolitan 
planning organizations (MPOs) for the U.S. Department 
of Transportation. These lists would be used by Census 
Bureau staff to check the coverage of the place-of-work 
coding materials and supplement them where necessary. 
The second, which will be tested in the Richmond, Vir-
ginia, dress-rehearsal census, involves contacting the 
Richmond MPO staff by telephone from the New Orleans 
processing facility for assistance in coding any frequently 
reported worksite addresses that cannot be coded from 
census resource materials. Should this technique prove 
worthwhile, it will be implemented in the 1980 coding 
operation. 

TABULATIONS OF JOURNEY-TO-
WORK DATA 

At present, tabulations of sample data such as those 
related to the journey to work are in the planning stage. 
Subject-matter specialists in the Census Bureau are re-
viewing the content of 1970 tabulations in conjunction 
with recommendatIons received from transportation 
planners, other data users, and members of the Fed- 


