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PREFACE

Because information on national geocoding systems is widely
scattered and difficult to assemble, a survey of this size and scope
would have been impossible without the help and cooperation of many
individuals.

I would like to express my gratitude to the following persons
for their assistance: Mr. Dwight W. Briggs, Federal Highway Adminis-
tration; Mr. John Cannavan, Federal Railroad Administration; Mr.
Donald E. Church, formerly of the Bureau of the Census; Mr. Edwin J.
Coleman, Bureau of Economic Analysis; Mr. Peter L. Conway, Jr.,
Association of American Railroads; Mr. Reginald A. Creighton, the
Smithsonian Institution; Mr. John P. Fajnor, International Business
Machines Corporation; Mr. Joel Frisch, Water Resources Council; Mr.
J. G. Fultz, Canada Post; Mr. A. Gomes, International Telephone and
Telegraph; Mr. Robert E. Graham, Jr., Bureau of Economic Analysis;
Mr. Richard J. Greenfield, U.S. Postal Service; Mr. Robert B. Haden,
Federal Railroad Administration; Mr. George Haydu, Statistics Canada;
Mr. Robert C. Hennell, American Trucking Associations; Col. William
W. Higgins, Department of Defense; Mr. Richard W. Jones, U.S. Postal
Service; Mr. Dayton P. Jorgenson, Bureau of the Census; Mr. Christos
N. Kyriazi, Economic Development Administration; Mr. Edward Margolin,
formerly of the Interstate Commerce Commission; Mr. Morton A. Meyer,
Bureau of the Census; Mr. Wallace B. Oliver, General Services Admin-

istration; Ms. Beatrice Orris, formerly of the Economic Development
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Administration; Mr. Hans W. Roesch, Dun and Bradstreet, Inc.; Mr.
Walter L. Schlenker, American National Standards Institute; Mr. Allan
H. Schmidt, Harvard University; Mr. Louis Schwalb, the Office of
Civil Defense; Ms. Nevaire Serraijan, Defense Intelligence Agency;
Mr. Dik W. Twedt, formerly of the U.S. Postal Service; Ms. Nell Vetter,
Federal Aviation Administration; and Mr. Ralph E. Waters, American
Telephone and Telegraph Company.

A special debt for support and help of many kinds is owed to Mr.
Alan E. Pisarski, U.S. Department of Transportation, Mr. Robert E.
Barraclough, Transportation Consultant, and Mr. H. W. Bruck of the
Massachusetts Institute of Technology.

I would also like to express my profound gratitude to Ms. Susan
M. Wallberg for helping me prepare the many illustrations in this

survey.
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1. INTRODUCTION

The two major structural elements of all geographic coding systems
are a concept of areal division, classification or definition and some
form of coding logic. In recent years, overt emphasis has been given
to the automated aspects of geocoding logic and data storage, retrieval
and display in large, geographically referenced information systems.
This has resulted in a popular tendency to assume that a legitimate
geocoding system must be computer based and requires a fairly sophis-
ticated coding structure. Broadly conceived, however, systematic geo-
graphic coding has had a long and diverse history which includes many
classification rather than coding oriented systems of geographic ref-
erence.

Geographic coding had its genesis in ancient times with the emexr-
gence of cartography and geography. As early as 200 B.C., Eratosthenes
had calculated the circumference of the earth within 200 miles and had
devised a grid of latitude and longitude lines on which he plotted the
locations, with coordinate references, of seas, lands, mountains, rivers
and towns. Somewhat later, Strabo compiled the Geographia which rep-
resented the most ambitiocus attempt, before the sixteenth century, to
catalogue and locate all of the place names in the known world.

For centuries thereafter, geographers, cartographers, explorers,
and surveyors were devising geographic reference systems whereby areas
were subdivided and coded for purposes of classification, administration

or data collection. Current examples in the field of physical geography




are the World Climatic Region System developed originally by K8ppen
(later simplified by G. T. Trewartha), and the World Natural Vegetation
System developed by A. W. Klchler.

In the United States, the first large scale geographic coding
system had its beginnings in 1785 in a program designed to subdivide
and provide unique geographic identification for the vast tracts of
publicly owned land. This public land survey was based on a grid
system which divided areas of six square miles, known as townships,
into forty acre lots, called quarters. Each of these was identified
by an alpha numeric designation. The system was used for administration,
survey and transfer of title under the public land laws of the United
States and was utilized, at least in part, by all states except the
thirteen original ones and six others.

As the major source of basic demographic statistics in the United
States, the U.S. Bureau of the Census played an important role in the
further development of geocoding systems. Since its establishment as
a permanent agency in 1902, the Bureau of the Census has attempted to
provide a flexible geographic framework for the tabulation of data that
was designed specifically to meet the needs of Census data users in
both the public and private sectors. Census tracts, for example, were
originated by Dr. Walter Laidlaw of New York City in 1906. At his re-
quest, the Bureau of the Census defined tracts and tabulated data from
the 1910 Census by tract for New York and seven other cities. State
economic areas, urbanized areas, standard metropolitan statistical areas,

central business districts and numerous other geostatistical units are



further examples of geographic areas defined and coded by the Bureau
of the Census in order to provide tabulations and aggregations of data
that met the needs of Census users.

During the twentieth century, the development of information systems
in general, the significant increase in the collection of geographically
referenced data, and the automation of data processing led to widespread
use of geographic coding. Thus, whether the functional definition of
geographic units or a flexible, machine readable coding logic is the
primary objective in the design of any given geographic reference system,
such systems have become integral to a wide range of information and

therefore, of concern to a broad spectrum of users.

1.1 URBAN AND NATIONAL GEOCODING

The requirement for a continuing metropolitan transportation plan-
ning process that was made statutory in 1962 created an increased de-
mand upon the Bureau of the Census to provide small area data and ex-
panded data user services. This, in turn, led to the initiation of the
Census Use Study in 1966. The primary objective of the Census Use Study
was to improve methods for relating census data with local agency data
at a fine geographic scale. As a result, the Bureau of the Census
developed a highly generalized urban geocoding system and was instru-
mental in promoting establishment of urban geographic base files which
could be used as tools in relating the various available data sets
to a single framework of geographic reference. By 1971, a fairly

standardized universe of urban geographic base files utilizing the Dual



Independent Map Encoding (DIME) system, based on block face coding,

had been implemented in almost all standard metropolitan statistical
areas. A battery of DIME related computer programs, including UNIMATCH,
GRIDS, CRaM, and DACS, had been developed and were available for use.

In the United States, comparable incentive for the development of
a generalized national geographic base file has not existed. Thus,
national geocoding is characterized by specialization and multiplicity
of structure. Each system tends to be "tailor made" for a specific
purpose, these ranging from regional planning, commodity flow analysis,
market analysis, transportation planning, shipment routing, plant and
terminal location, freight rating, museum cataloguing, and credit
accounting to simple clerical indexing of administrative records.

In addition to a relative absence of coordination among the various
macro-level geographic base files, national geocoding lacks one very
important feature which has been an essential element in the emergence
of a unified approach to metropolitan geocoding. This essential feature
is the availability of a "common denominator" coding unit. Micro-level
geographic base files, such as DIME and GRDSRl, provide maximum geo-
graphic manipulation capabilities because they are based upon the en-
coding of block face, a primary and virtually universal unit of urban
geography. The city block is one of the smallest (second only to parcel
units), most standard and relatively permanent urban areal units. By

encoding each side of a block individually, it is possible to provide

lGeographically Reference Data Storage and Retrieval. A Canadian
urban geocoding system (See Appendix B).



a very flexible, fine grained geographic coding system for an entire
metropolitan area. Block face is the most viable common denominator
unit for urban geographic base files because, in general, all special
areas within a city are made up of whole block face units. With such
common denominator coding, data sets can be aggregated or disaggregated
to conform to any number of special area boundaries, e.g., school
districts, traffic zones, police precincts, etc. Thus, only one geo-
graphic coding system is required to meet the varied demands of many
users.

There is no analogous common denominator unit for national geo-
graphic base files. A nation's geography encompasses a far more hetero-
geneous mix of land use patterns, natural areas, governmental entities
and other spatial orderings than that which characterizes metropolitan
geomorphology. While many national geocoding systems are based on
county units or units compatible with county boundaries, there are
important exceptions such as ZIP code zones, Congressional Districts
and others. These do not necessarily aggregate to the county level.
Below the county level, there are numerous obstacles to interfacing
the various national geographic coding systems. There is a lack of
definition, both semantic and geographic, of subcounty units. There
is the problem of variation between urban and rural land use, settle-
ment patterns, and population densities which create great disparities
in the size of the spatial units coded both within a single system and
among the various systems. And finally, the relative instability of

subcounty units and frequent changes affecting this universe pose other




problems primarily in the areas of update and maintenance.
The contrast between urban geographic base files and national
geographic base files is one of singular versatility opposed to multiple

inflexibility.

1.2 CHARACTERISTICS OF NATIONAL GEOCODING SYSTEMS

Aside from the two basic structural elements which all geocoding
systems have in common--a concept of areal division or classification
and a coding logic--there are numerous characteristics by which these
systems could be classified into related groupings. The type of geo-
graphic definition and spatial relationships reflected in the system,
the type of geographic units coded, the scale, grain and flexibility
of each system, and the code assignment process provide a number of
taxonomic criteria. However, due to the formidable number and variety
of national geocoding systems, no single set of criteria defines mutual-
ly exclusive categories applicable to all national geographic coding
systems. Some systems are similar in scale or grain but differ in
coding logic; other systems have the same coding logic but are utilized
for completely different purposes; and some systems encompass a number
of subsystems each having a separate structure.

One of the major difficulties in classifying geocoding systems has
been semantic. In the words of one geographer, "There is a clearly felt
need to clarify terms in the technology and institute more precise
phraseology-—~terms that are more fundamental and independent of the

narrow trade names derived from various approaches and computer program



acronyms."l Beyond trade names and acronyms, a mundane but typical
example of the semantic difficulties which have plagued national geo-
coding are the various usages of the two words, “place" and "point".
For many months the American National Standards Institute (ANSI) de-
bated the meaning of the word place. The committee appointed to deal
with this issue finally concluded that no formal definition or criterion
could be formulated to the satisfaction of all committee members. Many
other agencies such as the Department of Defense and the Bureau of the
Census have had similar difficulties formulating a definition for the
word place. Thus the term place, so frequently used in any discussion
of national geocoding systems, has no exact, generally accepted meaning.
The word point is no less promiscuously used, according to per-
spective and purpose. To a member of the ANSI point location committee,
it is an imaginary, nondimensional dot on the surface of the earth
which represents a cartesian, state plane or universal transverse
mercator coordinate fix., To a member of the American Trucking Asso-
ciations or the Association of American Railroads, a point represents
a siding, a loading dock or waybill station, in short, an entry in the
Standard Point Location Code file. 1In the Census of Transportation,
it represents the geographic centroid of a municipality which is one

of approximately 5,700 such "Key Points" in the United States.

lC. E. Barb, "Geocoding Systems, Their Philosophy and Utility,"

an unpublished dissertation discussion paper, University of Washington,
Seattle, n.d., p.1l.




These two terms--place and point--as well as others, such as
location, site and area, have developed multiple and ambiguous mean-
ings. They are the chameleons of geography, changing color according
to context, specifically user dependent and, therefore, major con-—
tributors to the state of confusion which many consider characteristic
of national geocoding.

1.2.1 Geographic Definiton. A fundamental distinguishing element among the

complex variety of geocoding systems is that between geographic ident-
ification and geographic definition.l Coding systems which consist of
a set of unique designations for undefined or implicitly defined lo-
cations, such as ANSI place codes or ZIP codes, are geoidentifying
systems. Coding systems which provide explicit boundary delineations
for the units coded, such as the state plane coordinate systems, are
geodefining systems.

A further distinction in regard to this fundamental classification
of geocoding systems is between the two types of geoidentifiers. while
none of the geographic identification systems provide for explicit
boundary definition of the units coded, some provide at least implicit
boundary definition, others provide no definition at all. Roger Tomlinson
refers to the former as external indices which "identify the data as

belonging to a particular defined geographic area . . . and must be used

lThe concept of geodefinition and geoidentification was suggested
by Betsy Schumacker in a paper prepared for the National Geocoding Con-
ference, December 1, 1971. See the National Geocoding Conference
Proceedings (Washington, D.C.: U.S. Department of Transportation, 1972).



in conjunction with a map."l Federal Information Processing Standard
(FIPS) codes for the counties and county equivalents of the United
States, for example, comprise an external index. These county codes
refer to a set of areal units which have explicit boundaries, but the
code itself does not define them. Boundaries for the referents of the
ANSI place code, on the other hand, have not been established and
therefore, these codes do not provide even an implicit areal defini-
tion of the units coded.

1.2.2 Spatial Relationships. A second set of fundamental cross—classifica-

tions for geocoding systems are the distinctions between nominal,
ordinal, and cardinal geographic references.2 Strictly defined, a
nominal geographic code is the name of a location. However, for the
purpose of classifying geographic coding systems, nominal codes in-
clude names, name abbreviations, mnemonic truncation of names, and
certain numerical codes. 1In this case, the word nominal derives
meaning not from its root word, name, but from describing a designa-
tion, alpha or numeric, which does not indicate or imply a spatial
relation between itself and other similar designations.

Nominal geocodes do not indicate any spatial relationships among

the units coded. In contrast, ordinal and cardinal geocodes do.

lR. F. Tomlinson, "Introduction," Geographic Data Handling,

Symposium Edition, Vol. 1, R. F. Tomlinson, ed. A publication of the
International Geographical Union Commission on Geographical Data
Sensing and Processing for the UNESCO/IGU Second Symposium on Geo-
graphical Information Systems, Ottawa, Canada, August, 1972,

2This set of coding classifications was suggested by C. E. Barb
in an unpublished dissertation discussion paper, op. cit. The author
has altered the application of the taxonomy slightly.




ordinal geocodes indicate the relative positions of coded units within
a spatially related system. A hierarchically structured geocoding
system such as the one employed by the Bureau of the Census, for
example, indicates that a certain census tract is located within a
certain minor civil division which is located in a certain county
within a certain state. Cardinal geocodes indicate the absolute
positions of coded units within a spatially related and incrementally
scaled system. The network of meridians and parallels, known as

latitude and longitude, is the best example of a cardinal geocoding

system.
GEOGRAPHIC GEOGRAPHIC
IDENTIFICATION DEFINITION
NOMINAL Location Designation Boundary Description
ORDINAL Hierarchical/Grid Code Local Coordinates
CARDINAL Coordinate Related Code Global Coordinates

1.2.3 Type of Geographic Units Coded. National geocoding systems may also

be classified according to the type of units coded. Most of the systems
surveyed in this paper are concerned with the spatial relationships

created by the settlement patterns and land uses in the United States.

10



This includes geopolitical units such as counties and states; geo-
administrative units such as enumeration districts or customs districts;
geostatistical units such as standard metropolitan statistical areas or
urbanized areas; and, geoeconomic units such as 2IP marketing areas or
major retail centers. A few systems identify physical geographic fea-
tures such as drainage basins or areas of homogeneous soil type in the
United States. Other systems, including most of the grid and coordinate
geocoding systems, are unrelated to either physical geographic features

or human geography.

1.2.4 Scale, Grain and Flexibility. The scale and grain of geographic units

coded are also significant characteristics of geocoding systems. They

are the most variable characteristics of the systems surveyed in this
paper and defy simple categorization. A geocoding system, such as
PICADAD, may encode a set of small scale point locations with a universe
of only 5,700 entities, while another system, such as the Standard Point
Location Code, based on similar scale point locations has a universe of
110,000 coded entities. Scale and grain may vary independently and
widely, ranging from theoretically nondimensional points with an infinite
universe of entities to eight, nine, or ten large regional areas.

The flexibility of a geocoding system and the ability to disaggregate
or aggregate the geographic units to which data is coded is dependent
upon all of the other system characteristics. Maximum flexibility is
achieved in systems that have small, mutually exclusive, geodefined
units with a fine grain. Coordinate geographic coding systems such as

latitude and longitude and the state plane coordinate systems are
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obviously by far the most flexible systems. Many tiered hierarchical
systems such as the Census geocoding system or the National Location
Code are not as manipulable as coordinate systems, but they do have
several alternative levels of aggregation and disaggregation. Geocoded
place lists such as those developed by the American National Standards
Institute, Dun and Bradstreet, and the General Services Administration
have very limited flexibility because the basic geographic unit within
these systems lacks geodefinition and there are, at maximum, only two
or three possible levels of aggregation.

1.2.5 Code Assignment. Among the national geocoding systems surveyed in this

paper there are four basic coding methods and several combinations there-
of. The four basic coding methods are: 1) mnemonic name abbreviations,
such as airport codes or passenger railroad station codes, which are
designed to provide easily recognizable and easily memorized codes
facilitating human usage of the coding system; 2) code designations
assigned to units sequenced alphabetically by name, such as in the Dun
and Bradstreet geocoding system, which provide the simplest form of
look up tables for encoding and decoding of data; 3) code designations
assigned to units sequenced in some geographic order, such as in the
Standard Point Location Code, which are designed to reflect the geo-
graphic proximity of the units coded; and, 4) grid and coordinate code
assignment, such as in the military reference grid system or latitude
and longitude, which provide for area and distance calculations.

A survey of National Geocoding Systems is intended to be a reference

volume containing general descriptions of the major national geocoding
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systems employed by public and private agencies in the United States. |

The material included in this survey is limited to those geographic

reference systems having nationwide applicationl and no overt attempt

has been made to analyze, compare or judge any of the coding systems |

surveyed., |
As previously noted, no single set of criteria defines mutually

exclusive categories applicable to all national geographic coding sys-

tems. Therefore, this paper has been organized in four major sections

which represent a compromise taxonomy. Section 2, Geopolitical and

General Location Reference Codes, includes descriptions of those

geocoding systems that are primarily geopolitical in nature and provide

general reference coding structures for administrative or other purposes.

Section 3, Geopolitical and Specialized Location Reference Codes, in-

cludes those geocoding systems that reference either special significance

locations (e.g., transportation related locations, military installations,

etc.), or a combination of geopolitical, geostatistical, and special

significance locations. Section 4, Specialized Areal Unit Reference

Codes, includes those geocoding systems which reference areas delineated

according to specialized criteria, such as economic patterns or postal

distribution patterns. Section 5, Grid and Coordinate Codes, includes

those geocoding systems based on grid networks.

1This excludes a number of recently developed regional and state-
wide geographic base files designed for land use inventory and analysis,
many of which utilize a combination of standard data collection methods
and remote sensor data. For a comprehensive review of geocoding activity
in this field refer to Geographic Data Handling, Vols. 1 and 2, R. F.
Tomlinson, ed., op. cit.
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2. GEOPOLITICAL AND GENERAL LOCATION REFERENCE CODES

2.1 FEDERAL INFORMATION PROCESSING STANDARDS

Public Law 89-306, "The Brooks Bill" authorizes the establish-
ment of mandatory standards within government data processing
systems and a voluntary standards program for nongovernment agencies.
It is the responsibility of the National Bureau of Standards working
with the cooperation of other government agencies, the American
National Standards Institute (ANSI), and the International Organiza-
tion of Standardization (ISO) to implement the standards programs and
to maintain a register of Federal Information Processing Standards
(FIPS). This register is the official source within the Federal
Government for information pertaining to the approval, implementa-
tion and maintenance of standards for all aspects of data processing,
including hardware, software, applications, and data standards. Each
of the FIPS standards must be approved by the Office of Management
and Budget (OMB), is maintained by a designated federal agency, and
is published by the National Bureau of Standards (NBS).

Five of the standards adopted and promulgated by the National
Bureau of Standards pertain to geographic coding. There is a FIPS
standard code for:

- States and Outlying Areas of the United States (FIPS PUB 5)

- Counties and County Equivalents of the States of the United
States (FIPS PUB 6)
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~ Metropolitan Statistical Areas (FIPS PUB 8)
- Congressional Districts of the United States (FIPS PUB 9)

- Countries, Dependencies, and Areas of Special Sovereignty
(PIPS PUB 10)1

2.1.1 States and Outlying Areas of the United States

This publication contains names, abbreviations and codes for
representing the Fifty States, the District of Columbia and fourteen

outlying areas,2

all of which are considered first order subdivisions
of the United States. The abbreviations adopted to represent the
outlying areas, however, are derived from the FIPS standard represen-
tations of countries, dependencies, and areas of special sovereignty
and are not necessarily the same as the abbreviations employed by the
U.S. Postal Service for outlying areas.

The code assigned to each entity listed in FIPS PUB 5 is a two

digit number. State codes range from Ol through 56, and they are

assigned to the states in alphabetical order. Although the code

IThe scope of this paper is limited to coverage of national
geocoding systems and therefore the FIPS standard codes for countries,
dependencies, and areas of special sovereignty are not reviewed in
this section. Refer to Appendix C, International Geocoding Systems,
for further information on this FIPS publication.

2The fourteen outlying areas included in FIPS PUB 5 are:
American Samoa, Canal Zone, Canton and Enderbury Islands, Guam,
Johnston Atoll, Midway Islands, Puerto Rico, Ryukyu Islands (South-
ern), Swan Islands, Trust Territories of the Pacific Islands, U.S.
Miscellaneous Caribbean Islands, U.S. Miscellaneous Pacific Islands,
Virgin Islands and Wake Island.
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sequence is not gapped to allow for general expansion of the universe,
codes have been reserved for possible future use in identifying
American Samoa (03), Canal Zone (07), Guam (14), Puerto Rico (43),

and the Virgin Islands (52). Outlying areas, including those for
which a state code has been reserved, are assigned a two digit num-
ber ranging from 60 through 79. Unlike the abbreviations assigned

to the outlying areas, the code representations for outlying areas
are not derived from another source and are not part of another geo-

coding standard.

2.1.2 Counties and County Equivalents of the States of the United States

This publication provides names and codes for representing the
counties of the fifty States or the county equivalents thereof.
Counties are defined as the first order subdivision of each state
regardless of their local designations, e.g., parish, borough,
district, etc. In addition to the 3,068 entities which qualify under
this definition as counties, there are 74 recognized county equiva-
lents. These include Washington, D.C., the 42 independent cities
located in Maryland, Missouri, Nevada, and Virginia, the 29 Census
Divisions of Alaska, that portion of Yellowstone National Park
located in Montana, and a consolidated government in Georgia.

The code representation for each of these 3,142 entities is a
three digit number intended for use in combination with either the
two character state abbreviation or the two digit state code to pro-

vide unique identification of each entity. In general, counties and
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county equivalents are sequenced alphabetically by state and assigned
a serial odd number. Even numbers are reserved for possible future
use in the event of universe expansion or change. County equivalents
in Alaska, however, are assigned codes ranging from 010 to 290 with

a ten integer gap between each assignment, and independent cities

are ordered separately at the end of the county listing for a state.
Codes for independent cities range from 510 to 840, generally with

a ten integer separation (See Figure 2.1).

2.1.3 Standard Metropolitan Statistical Areas

This publication contains names and codes for representing
Standard Metropolitan Statistical Areas (SMSAs). The general concept
of an SMSA is one of an integrated socioceconomic area containing a
large population nucleus. The unit was developed to meet the need
for the presentation of general purpose statistics by agencies of
the government. With the exception of the SMSAs located in New England
all SMSAs consist of a county or group of contiguous counties at
least one city or twin cities of 50,000 inhabitants or more. In
addition to the county or counties containing such a population nuc-
leus, contiguous counties are included in an SMSA if they are metro-
politan in character and are socially and economically integrated with
the central city. New England SMSAs consist of townships instead of
entire counties. These units are defined, designated, titled, and
assigned codes by the Office of Management and Budget (OMB) in con-

junction with the Federal Committee on Standard Metropolitan Statistical
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STATE NAME:

STATE ABBREVIATION:

STATE CODE:

CODE

001
003
005
009
011

013
015
017
019
021

023
Q25
027
029
031

033
035
037
039
041

043
045
047

CODE

510

MARYLAND
MD

24

COUNTY NAME

Allegany
Anne Arundel
Baltimore
Calvert
Caroline

Carroll
Cecil
Charles
Dorchester
Frederick

Garrett
Harford
Howard
Kent
Montgomery

Prince Georges
Queen Annes

St Marys
Somerset
Talbot

Washington
Wicomico
Worcester

INDEPENDENT CITY

Baltimore City

Source: The National Bureau of Standards

Figure 2.1 The Federal Information Processing Standard
For Counties and County Equivalents




Areas.l

The SMSA names and codes adopted by NBS are those originally
established by OMB. Although a majority of SMSA titles consist of
the name of the largest city within each area, an SMSA title may
contain up to three city names representing the three largest
cities in an area or as in the case of some recently retitled SMsAs,
non-city designations. The Massau-Suffolk SMSA and the Northeast
Pennsylvania SMSA are examples of SMSA titles which do not contain
the name of a city. The SMSA code is a four digit number ranging
from 0040 to 9320 assigned to the areas in alphabetic sequence.
This FIPS publication must be updated frequently because SMSAs are
a relatively unstable population of entities. New SMSAs are desig-
nated almost every year, county components of existing SMSAs are
sometimes rearranged, and, occasionally, either the title or the

code of existing SMSAs may change.

2.1.4 Congressional Districts of the United States

This publication contains the specifications for representing
the Congressional Districts of the United States, but does not con-
tain a full list of districts and their codes. Congressional Dis-
tricts are defined as any of the districts into which a state is

divided for the purpose of electing representatives to the House of

lRefer to Section 4.3 for specific criteria applicable to
Standard Metropolitan Statistical Areas.
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Representatives of the United States Congress. A tvwo digit number is
used to represent each district which is identified in the current

edition of the Congressional Directory. The First Congressional Dis-

trict is represented as "Ol", etc. In states where representatives
are designated "at large", the Congressional District is coded as
"00". Data systems concerned with the identification of Congression-
al Districts in more than one state require that the district codes
must be used in conjunction with a state code prefix in order to pro-
vide unique identification. The number of representatives, and
therefore the number of Congressional Districts in a state, may change
as a result of the decennial Census of Population and Housing, and the
boundaries of the districts may be altered through legislative action
by states. Therefore, where data systems require continuity of iden-
tification or relationship between prior or subsequent Congressional
Districts, the code may also be used in conjunction with a two digit
number representing the particular congress. The code *250292", for
example, identifies the Second Congressional District of Massachusetts
during the 92nd Congress.

Since the National Bureau of Standards first adopted a FIPS
standard code for states and for counties of the United States (effec-—
tive January 1, 1970) these representations have been incorporated in
the data processing systems of many major government agencies. The
Bureau of the Census, the Bureau of Economic Analysis (BEA), and the
Economic Development Administration (EDA) are examples of agencies

which maintain large geographically referenced data bases and are
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currently employing the FIPS standard representations for states and
counties (See Sections 3.1, 4.4, and 4.5). In a few instances the
FIPS standard has been altered to meet the needs of a particular
agency. BEA, for example, does not recognize independent cities as
county equivalents and occasionally combines several counties, for
example, the five comprising New York City into one unit. 1In these
cases the FIPS standard cannot be strictly applied. Several other
federal agencies are unable to emplov the FIPS standard for data
processing because it is unsuited for coding multilevel, county
cluster structures such as the geographic system maintained by the
Office of Preparedness (formerly the Office of Emergency Preparedness}).
Nevertheless, the Office of Preparedness has added the FIPS standard
representations for states and counties to its files as a cross ref-
erence (See Section 3.2).

The National Bureau of Standards intends to increase the number
of geocoding standards in the FIPS Register. Working in conjunction
with the American National Standards Institute and representatives
from other federal agencies, NBS is evaluating several other standard
geographic representations including codes for cities, towns and
places, codes for point locations, and codes for continents and water

areas of the world.l

1A complete description of these and all other programs in which
PIPS is involved is contained in the "Federal Information Processing
Standards Index", FIPS PUB 12.
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U.S. Department of Commerce, National Bureau of Standards.
Federal Information Processing Standards Publications.
FIPS PUB Nos. O, 5, 6, 8, 9, 10, and 12. Washington,
D.C.: U.S. Government Printing Office, 1968 - 1974,
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2.2 GENERAL SERVICES ADMINISTRATION

The primary responsibility of the General Services Administra-
tion (GSA) is the management of government property. In fulfilling
this responsibility GSA has, since it was established in 1949, main-
tained a worldwide inventory of real property owned or leased by the
Federal Government. It was for use on the records of this inventory |
that GSA originally developed a set of geographical references for
states, counties, and cities of the United States and for continents,
countries, and cities of the world. As the GSA grew into what "might
well be termed a conglomerate"1 and as 1ts activities expanded to
include the management of government wide automated data processing
resources, this system of geographic coding was more universally
applied. It developed into an unofficial federal standard, the fore-
runner of a Federal Information Processing Standard. I

When the FIPS standard code for states and counties of the
United States became effective on January 1, 1970, the General Ser-
vices Administration replaced its original state and county coding
system with those codes prescribed by the NMNational Bureau of Standards.

This change did not constitute a radical overhaul of the system. The

- loffice of Federal Register, National Archives and Records
Service, General Services Administration, U.S. Government Organization
Manual 1972/1973, (Washington, D.C.: U.S. Government Printing Office,
July 1972), p. 448, The current responsibility of the GSA is defined
as the management of government property and records, including con-
struction and operation of buildings, procurement and distribution of
supplies, utilization and disposal of property, transportation, traf-
fic and communications management of government wide automated data
processing resources.
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original GSA state code was a two digit number which, although it
differed from the FIPS state code in every instance, was readily com-
mutable. The original GSA county codes were assigned in exactly the
same manner as the FIPS standard county codes - three digit serial
odd numbers matched to county names, sequenced alphabetically by
state. Therefore, a majority of the existing county codes remained
unchanged. The only prominent alteration of the GSA county coding
structure which occurred as a result of the transfer to FIPS specifi-~
cations was the addition of county equivalents in Alaska and indepen-
dent cities in Maryland, Missouri, Nevada, and Virginia.

Although the original state and county codes of the General
Services Administration have been superseded by the FIPS standard,
the GSA city coding system, for which the FIPS Register has no offic-
ial standard, remains unaltered. This set of geographical references
includes codes for cities, towns, villages, places, and military
installations. In fact, any location which qualifies as a "populated
area having a recognized entity or geographical boundary"1 and which

is listed in the Rand McNally Commercial Atlas and Marketing Guide is

is eligible to receive a GSA city code. All of the accepted entities
are sequenced alphabetically by state and assigned a four digit num-
ber (See Figure 2.2). When these codes were first established, inter-

vals of ten integers were maintained between code numbers. Gapping

Loffice of Finance, General Services Administration, Worldwide
Geographical Location Codes, (Washington, D.C.: U.S. Government
Printing Office, February 1972), p. I.

24



CODES
NAME
STATE CITY COUNTY
Maryland 24
Aberdeen 0010 025
Aberdeen Prov Grnd 0015 025
Accident 0020 023
Andrews AFB 0025 033
Annapolis 0030 003
Arnold 0032 003
Army Chem Center 0035 025
Army Med Center 0036 031
Avenel 0038 031
Bainbridge 0040 015
Baltimore 0050 510
Barclay 0060 035
Barnesville 0070 031
Barton 0080 001
Beantown 0085 031
Bel Air 0090 025
Beltsville 0100 023
Bengies 0103 005
Berlin 0110 047
Berwyn Heights 0120 033
Bethesda 0130 031
Betterton 0140 029
Bladensburg 0150 033
Boonsboro 0160 043
Bowie 0170 033

Source: General Services Administration

Figure 2.2 The Geographical Location Codes Of The
General Services Admininstration
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the code sequence in this manner allowed for the preservation of
alphabetically ordered place names even as the universe expanded over
the years. Gradually, however, this margin for expansion is being
exhausted and the GSA city coding system is currently nearing satura-
tion at several points. 33,000 locations are included in this system.

The structure of the GSA city code resembles that of other major,
general purpose place identifiers. Both IBM and Dun and Bradstreet
employ the same basic two digit state and four digit place code con-
figuration to provide unique location identification. It is a simple
two level hierarchy with individual entities ordered alphabetically
at each level. However, the GSA coding system does manifest a degree
of specialization not shared by either the IBM or Dun and Bradstreet
city coding systems. The one characteristic of the system which re-
flects the extent of this specialization is the uneven assignments of
GSA city codes. All U.S. military installations automatically receive
a GSA city code while other code assignments must be specifically
requested of, and then approved, by the Office of Finance at GSA.

The effect of this code assignment procedure is most exaggerated
at the international scale and accounts for the fact that in the
Soviet Union only Leningrad and Moscow have received GSA city codes
while there are approximately 125 city codes within the Republic of

Vietnam. L

IRefer to Appendix C for a description of the international
geocodes of the General Services Administration.
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Allocation of GSA city codes in the United States is far less
erratic. However, the effect of a government property oriented code
assignment procedure is still discernible. There is, for example,
an unusually large number of GSA city code assignments in Alaska and
an unusually small number of GSA city code assignments in Maine.l

Generically, the set of geographic codes maintained by the Gen-
eral Services Administration is a member of a family of geocoding
systems which includes the systems employed by IBM and Dun and Brad-
street. These systems have three basic elements: a two digit state
code, a three digit county code, and a four digit place code. Al-
though the specific numbers assigned to each set of geographic units
varies from system to system, the basic coding logic is identical and
at the state and county level even the universe of entities coded is
relatively standard. It is at the place level that these systems
differ significantly according to the applications for which the sys-

tem is designed and therefore the universe coded.

References:

General Services Administration. Office of Finance. Worldwide
Geographical Location Codes. Washington, D.C.: U.S. Govern-
ment Printing Office, 1972.

lfor four sample states, the General Services Administration's
city coding pattern compares with the Dun and Bradstreet city coding
pattern as follows:

Arizona Alaska New York Maine
Number of GSA Codes 290 434 1,648 352
Number of DUN Codes 325 254 2,467 563
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2.3 INTERNATIONAL BUSINESS MACHINES

During the 1950's, as the number of IBM computers in use by
private industry and public agencies began to proliferate, the Inter-—
national Business Machines Corporation made available to the user of
its equipment a numerical code for states, counties and cities in the
United States. These geocodes were published and distributed by IBM
in order to assist users in establishing the machine readable geo-
graphic references necessary for direct mail operations, market re-
search, sales analvses, territory assignment and transportation
routing.

In the original geocoding manual published by IBM three digits
were allotted for the coding of counties, and three digits were allot-
ted for the coding of cities. This was an ample number of digits at
the time, permitting unique location identification with sufficient
space for filling in new additions so that an aiphanumeric sequence
could be maintained. Subsequent to the 1960 Census of Housing and
Population, however, the three digit city code became saturated as
the number of urban places having a population of 2,500 or more
increased substantially. Consequently, IBM established a new, four
digit, city code and published these in a manual of geographic codes.
Thus, post 1960 IBM geocodes are structured in exactly the same manner
as the codes maintained by the General Services Administration (See
Section 2.2) and Dun and Bradstreet (See Section 2.4).

The full IBM numerical code for states, counties and cities is
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an eleven digit number. The first two digits indicate state, rang-
ing from 01 for Alabama to 51 for Hawaii (the District of Columbia
is treated as a state and has been assigned state code 08). The
next three digits identify a county. The counties of each state are
sequenced alphabetically and then assigned an odd number beginning
at 001. The Population Group Code occupies the following two digit
positions. Population figures are divided into seven major groups

and then further subdivided into three of four minor groups as fol-

lows:

POPULATION GROUP CODE POPULATION GROUP CODE
1,000,000 or more 11
750,000 to 999,999 12
500,000 to 749,999 13 40,000 to 49,999 51
35,000 to 39,999 52
400,000 to 499,999 21 gg’ggg to 34'999 53
300,000 to 399,999 22 +000 to 23,999 4
250,000 to 299,999 23
200,000 to 249,999 24 20,000 to 24,999 61
' ’ 15,000 to 19,999 62
175,000 to 199,999 31 lg'ggg to 13'999 63
150,000 to 174,999 32 »000 to 9,999 64
125,000 to 149,999 33
4,000 to 4,999 71
100,000 to 124,999 4 ’ ’

’ © ' 3 3,500 to 3,999 72
80,000 to 99,999 4 g'ggg t° ;'ggg 72
70,000 to 79,999 42 ’ °© ' 7
60,000 to 69,999 43
50,000 to 59,999 44
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The last four digits of the IBM code designate a city. All cities in
each state are sequenced alphabetically and then assigned a serial
number at intervals of ten beginning at 0010.

The IBM geocode manual containsg a unique state/county/city code
for every place having a population of 2,500 or more based on the
1960 Census of Housing and Population. Thus, the universe of 5,463
place (city) entities coded by IBM is not specialized. The criteria
for inclusion in this geocoding system is population rather than spe-
cial logistical significance to a particular user, and the population
criteria applied conform to those dictated by the Bureau of the Cen-
sus. Very few of the United States military installations, for
example, which are significant to and coded by the Department of
Defense or even the General Services Administration are included in
the IBM coding manual.

In addition to the eleven digit number assigned as unique geo-
identification to each place listed in the IBM code manual, every
unincorporated place is assigned the suffix letter "U", and all places
which had been assigned codes prior to 1960 are identified by the old
three digit city code as well as the current four digit designation
(See Figure 2.3). If a city extends into two counties, and each sec-
tor has 2,500 or more people, then both counties are shown beside the
city name; if one sector has a population under 2,500, the county in
which that sector is located is omitted. 1In either case, the city
population group code is based on the combined population of both

sectors.
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OLD POP NEW
STATE COUNTY CITY GROUP CITY
CODE CODE
Aberdeen 19 025 004 64 0010
Annapolis 19 003 010 61 0020
Arbutus 19 Q05 61 0030 U
Baltimore 19 007 020 12 0040
Bel Air 19 025 024 71 0050
Bethesda 19 031 44 0060 U
Bladensburg 19 033 027 73 0070
Brentwood 19 033 028 72 0080
Brunswick 19 021 030 72 0090
Cambridge 19 019 040 63 0100
Capitol Heights 19 033 041 73 0110
Carrollton 19 013 73 0120
Catonsville 19 005 52 0130 U
Chestertown 19 029 050 72 0140
Cheverly 19 033 051 64 0150
Cockeysville 19 005 74 0160 U
College Park 19 033 055 62 0170
Crisfield 19 039 060 72 0180
Cumberland 19 001 070 53 0190
District Heights 19 033 64 0200
Dundalk 19 005 41 0210 U
Easton 19 041 100 64 0220
Elkton 19 015 110 64 0230
Essex 19 005 52 0240 U
Forest Heights 19 033 72 0250

Source: International Business Machines Corporation

Figure 2.3 1IBM City Codes
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In view of the code standardization activities of FIPS (See
Section 2.5), IBM has decided not to republish the manual of geo-
graphic codes, and is referring users to FIPS publications for state
and county codes. However, until a place code standard is adopted
and authorized by FIPS, IBM will continue to make available to users
the current edition of the coding manual which has not and will not
be updated to reflect the 1970 population data from the Bureau of

the Census.

References:

International Business Machines Corporation. Data Processing
Division. Numerical Code for States, Counties and Cities
of the United States. GC 20-8073-0. White Plains, New
York: IBM Technical Publications Department, 1961.

International Business Machines Corporation. "IBM Installation
Newsletter." Issue No. 70-22. White Plains, New York:
IBM Technical Publication Department, November 6, 1970.
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2.4 DUN AND BRADSTREET

Since it was founded in 1841 as "The Mercantile Agency," Dun
and Bradstreet, Inc. has earned the reputation of "a mysterious ware-
house of statistics."l Aas an organization which compiles and inter-
brets vast amounts of credit data, Dun and Bradstreet has, in fact,
developed one of the largest business information systems in the
world, and this system includes a set of geographic codes for nations
of the world, and codes for states, counties, Standard Metropolitan
Statistical Areas (SMSAs), and cities of the United States.Z?

The Dun and Bradstreet national code is a three digit number
randomly assigned to the nations of the world. The state code is a
two digit number assigned to the 50 United States and the District of
Columbia in alphabetic sequence beginning with 0l and enumerated at
intervals of two (i.e., Alabama is 01, Alaska is 03, Arizona is 05,
etc.). The only even number assigned as a state code is for the Dis-
trict of Columbia (state code 16). The county code is a three digit

number assigned to counties in alphabetic sequence by state (See

17. Wilson Newman, "Dun and Bradstreet: Established in 1841 for
the Promotion and Protection of Trade," A Newman Society Address,
October 25, 1956,

2Dun and Bradstreet files also cover approximately 8,000 loca-
tions in Canada. The geocodes are assigned to the Canadian geopolti-~
cal units equivalent to states, counties and cities in the same man-
ner as the codes ars assigned for locations in the United States.
They are not ideutical to the Standard Geographic Classification
Codes established by Statistics Canada (Appendix B). However, Dun
and Bradstreet does employ the six digit Canadian Postal Zone code
established by tre Canadian Fost Office Department.
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Figure 2.4). These code numbers are generated by a semi-random
enumeration process designed so that the county codes are always of
increasing numeric magnitude by alphabetic sequence within a state.l
The SMSA code is a three digit number assigned to each area in alpha-
betic sequence by SMSA title beginning at 010. These SMSA codes are
gapped by three digits in order to allow for the inclusion of new
SMSAs within the proper alphabetic sequence.

The city code is a four digit numeric code assigned to cities in
alphabetical order within a state. These city code numbers are gener-
ated and assigned in the same manner as the Dun and Bradstreet county
codes.

The complete Dun and Bradstreet geographic code file which in-
cludes approximately 44,000 locations in the United States contains
the following items: A 13 character alphabetic abbreviation of the
city name; a 3 character alphabetic abbreviation of the state name;

the two digit Dun and Bradstreet state code; the 4 digit Dun and

Bradstreet city code; the 3 digit Dun and Bradstreet county code; a

IThe first position of the county code is assigned so that rough-
ly the same number of county codes within a state begin with the same
numeric character. In Montana where there are 57 counties, for exam-
ple, the first digit is assigned to counties in blocks of 5 or 6.

In New Hampshire where there are only 10 counties, each county code
begins with a different number. The second and third digits of this
county code are various regular or irregular number series. For
example, the last digit number for counties in Texas is one of the
number series 3,6,9,2,5,8,1,4,7,0 which is repeated to the end of the
listing of counties in that order. This procedure varies from state
to state. The number series may be irreqularly repeated, it may be
only one number (e.g., the county codes for South Dakota all end in
the number 4) or it may be an alternating pattern of only two numbers
as it is for counties in Colorado.
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STATE MONTANA (51)

County Code County Code
Beaverhead 024 McCone 500
Big Horn 041 Meagher 517
Blaine 058 Mineral 534
Broadwater 075 Missoula 551
Carbon 092 Musselshell 568
Carter 109 Park 585
Cascade 126 Petroleum 602
Chouteau 143 Phillips 619
Custer 160 Pondera 636
Daniels 177 Powder River 653
Dawson 194 Powell 670
Deer Lodge 211 Prairie 687
Fallon 228 Ravalli 704
Fergus 245 Richland 721
Flathead 262 Roosevelt 738
Gallatin 279 Rosebud 755
Garfield 296 Sanders 772
Glacier 313 Sheridan 789
Golden Vallen 330 Silver Bow 806
Granite 347 Stillwater 823
Hill 364 Sweet Grass 840
Jefferson 381 Teton 857
Judith Basin 398 Toole 874
Lake 415 Treasure 891
Lewis and Clark 432 Valley 908
Liberty 449 Wheatland 925
Lincoln 466 Wibaux 942
Madison 483 Yellowstone 959
Yellowstone N P 976

Source: Dun and Bradstreet, Inc.

Figure 2.4 Dun and Bradstreet County Codes
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one digit geographic check code; the 5 digit United States ZIP Code;
the 3 digit Dun and Bradstreet reporting office designation; and a
cross reference indication for cities for which no ZIP Code is listed.
A sample printout of this file is reproduced in Figure 2.5 and a sam-
ple of the data which is associated with these codes in the Dun's
Market Identifiers (DMI) magentic tapes is provided in Figure 2.6.

While the number assignment process for Dun and Bradstreet county
and city codes is relatively complex and unique among the geocoding
systems reviewed in this report, the basic code structure is identi-
cal with that of GSA (See Section 2.2) and IBM (See Section 2.3) geo-
codes which also identify numerically a place within a county within
a state. Thus, all three of these systems have the same degree of
flexibility and the same specificity of geoidentification.

The only significant differences among these systems is in the
nature and size of the universe coded. The universe of entities
coded by GSA is much larger than the universe of places assigned
codes by IBM, however the IBM and the Dun and Bradstreet systems are
more alike in that these two sets of coded places are not specialized.
They reflect general population density rather than the distribution

of government property or some other code assignment bias.

References:

Dun and Bradstreet Inc. Marketing Services Division. County
Code Book. Standard Metropolitan Statistical Areas Code
Book. and City Code Book. New York: Dun and Bradstreet,
Inc., 1971.

36



o714 or1ydeiSosn josaispeag pue ung §°Z IIn8T4

*oUT ‘799x3speag pue ung :9D2INOS

ey eboperiel °9S 8L8 1981 10 BTY JUOWITRTD
veEVOL Vel 068T T0 ey auxoqreTd

2cs9ot OTL 6€8T TO BTy 9TT3UOIZTO

1269t OTL sZ81 T0 BTy eTnydunyYod

0ZS9€ veL 8181 10 eTvY To1sA1UD

S069¢ Z61 18T 10 eTyY mel100y)

1214°1% otT 66LT T0 ety 02D0TODD0YD

eTY POOMUTT 39S V6L 98L1 10 eTvy aA0ID BUTUD
[A401% 8L8 ELLT 10 eIy paIngsIdPTIUD

1T99¢ oTL ¢oLT 10 BTY MesSeNITUD

qC¥ot vecLl ZSLT T0 eIy InuU3IsSI{Yd

919GE r4°14 8¥LT 10 BIY 99)0I3YD

ey poobITY @98 60 SELT T0 eTyY oadeaTndayd
£706¢E 0s8 CCLT TO e1v easTayd

ey STTTASUTEY 89S pLE 60LT 10 BTy S9TABRYD
8TS9¢E veEeé 2691 TO BTy wo3eyd

LTS9¢ 01L 989T 10 ey bueiseyd

S¥LSE $59 S891 10 eIy aseyD

STO09E [4AN VL9 TO eTv¥ usudeyd

9TESE 88¥ €991 TO ety IZoTT=0URYD

Ag9LSIT Fa0D dIZ ON dJaco FA0D TA0D dJd00 NOILILYIARIFIY
dI IIS OL NMOL dIZ AINNOD ALID HILYLS HIYLS SN NHOL

37




SINTFTIIUSPI 3I9IBW s, ung 9°¢ 9Ingty
*our su.mm.Huvmvm.Hm pur ung :20IN0Ss
_|4<.~_~__...___.____.____-..___-~44H.~...-14..-.. NIYW GIOM
! Lt _nv_ 11l _Ov_ 1t 1 .nm_ 11 1 .On. I - _nmh | .| _ON_ L 11 pm.—_ JI N _o__ L1 ) _nh L1 1 0 NOILYOO omﬂ
¥ viva
T T T ) L T T T 7T 17 7T ¢r T T T v T 7T T T T T 171 T T T T T T alal o JEVW QUOM n_
om |z AEEE
b BN lexpOh Y SN L N . S e o a|® W. m, 0 NOHYDO1
na |z z|* et = 6vE-00¢
Ava| ow| ua| Qv ai™
z|>| ras0 SS9 o — viva
Nlolan dNVIE VLIWS| M¥NVYI8 N Al
31va | g0
rI=T=r T M" T 1T v T 1T T 1 m_. LD SN B B (R e | T T LANNLEN | LANEL AN S B SRR BN SR SN BN B | LI ¥E<iozo;
R Y T | .n.v. 1 ﬂP _Ov_ J .w.m_ a_.-;_._. 1 .OM_ J | _WN J .ON_ 1 L .n—_ | .o—L 11} ~m | -t _o Zo:(UO‘_
SNNa "17n x| sNNG LN3dva |X! 'ON sNna OH | ro'u | 3ivis AL1D 66T-0ST
L " OH <} viva
NOILVHWHOSNI HM3ILHVNODAQVIH ANV LN3IMVI
YT T T T T T T T T T T T T T T T T T T Y T T T L T T T T 7T T 171 YIVW GIOM
L SY o, | S oe 1l _nm L1 21 m.__ 1 1 o_. 11 _w 11 0 NOILVIO1 .
[ e 9 DIs g DIs .v 218 M_U_w Z 218 1018 i Ovﬂl N
AWVN aNOD3s m viva
SHIEWNN DIS m
T T L Mw LI B § a T T T T T 71 T T T T T™ 1T r T r 1T vt 1T 1T 17 vV 1T T 1771 T ¥¢<ﬂ!¢0;
o
I - B M I Of | 1 on_ L) _WN. 11 N_ L 41 _m—h Lt _o—. J - _n_ 11 _O ZOZ.(UO..
Sraws EREL Hivom|"| s31vs [AvALov|=aoo <H 661-0sl1
‘a1s S§S3NISNE S30 3ANIT IKNQ viva
SHOLVDION! 3Zis ONILVYY ¥v3IA
rFyrmrrrrrTrrrrrrrr1'r T 0717 17 LI § <-._<\\._. T T 1 v 17 1 1 1 rrrr ¥x<<<omo;
N TN T I __AQ.. L0 i __OQ_ poaa 25 L 08 L 1 nap 1 L0 .n—_ 1 1 _o—_ 11 _n_ Lt _o NOILYOOT
H3IaWAN v3uy diz aivis AlLID ov—loo—
37414 ANV IVDIDNING viva
ANOHJL3ITA L "G.1LNOD ss3dQAAY IVYW
T T TrTTrT T O R LT T T T T P> LA . AL L AL LS S A O A (S S R N B B NN T B R | T T YIVW Oxog. e ]
1. L1 ~wq\rp [ ._Oﬂ_ T | .nn— 1 1 .oﬂ_ .m 1 _WN_ | | _ON_ 1 1 1 .n—. L1 _or 11 1 .w. L 1 Po ZOZ(UO._ oolom
NOIlVYlsS ONV X086
§53MQQV 1 33du1s <3 viva
S8§3WAAY IV
RO A A A A A A AL N B e S M S M AR S S S | / T T 7T T LA T M T F T T 1T ; MNAVW QIOM - ]
Loy ._.irw.l.lh.lF L —u_., B .w.n_ o - .onn Ll Fwwu .rn_ ~o~_ L 1 n._ 1 ! _o—ﬁ L, ...n._. Ll NOILVYDO1 t
ALID 1s| ALND|T.LvNZR 14
AWVYN SssaNIsna viva
\ $3Q02 DIHdVYS03D "ON SNNa

1161 1IHdV Lva

HILSYN LVWHOL

M3N - INa

38




Dun and Bradstreet, Inc. Marketing Services Division. Magnetic
Tape Description. New York: Dun and Bradstreet, Inc.,

1971.

39




2.5 AMERICAN NATIONAL STANDARDS INSTITUTE

The American National Standards Institute (ANSI) is a nonprofit
organization comprised of trade associations, private companies, pro-
fessional societies and government agencies which serves as the na-
tional clearinghouse and coordinating agency for voluntary standards
in the United States. Since its inception in 1918, over 2800 Ameri-
can National Standards have been authorized and published.l of
these, .more than one third were submitted by individual participating
organizations that had developed standards through their own proce-
dures, and supplied evidence of consensus in support of such standards.
The remaining American National Standards result from the work car-
ried on by the complex of ANSI committees. The American National
Standards Institute works in close cooperation with the National Bur-
eau of Standards (NBS) and is the United States member body of the
International Organization of Standardization. (ISO).

ANSI Committee X3L84 which is one of the 58 subcommittees desig-
nated under the reorganization of the Standards Committee for Comput-
ers and .iformation Processing (X3) in 1969 is specifically charged
with the development of data standards for representing geographical

and geopolitical entities. Currently, X31.84 activity includes study

IANST was originally organized as the American Engineering
Standards Committee (AESC) in 1918 by five engineering societies. 1In
1928, AESC was reorganized as the American Standards Association (Asa)
and then renamed the United States of America Standards Institute in
1966. The present name, American National Standards Institute, was
adopted in 1969.
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projects on:

Codes for cities, towns, and places of the United States

Coordinate point locations in the United States

A standard representation for mailing and shipping addresses

Codes for countries of the world and their national subdivisions

Codes for foreign cities

Codes for continents and water areas
Previously this committee formally approved and adopted the FIPS
codes for designating states and counties of the United States (See

Section 2.1).

2.5.1 Place Codes

In recent years the place code study project has been one of the
most active concerns of ANSI X3L84 and work on this standard is near-
ing completion. The place code developed by the study project is a
five digit number assigned in alphabetic sequence to each named
place within a state. Number gapping between assigned codes allows
for the addition of names in proper alphabetic sequence. Within each
state the code assignment begins with 00100 and ends with a code no
higher than 89999. This will provide unused numbers at the end of
the code sequence for the special needs of individual users. The
ANSI Place Code may be represented as 01-10510, in which Ol is the
standard FIPS state code and 10510 is the unique code for a place
within that state. Alternatively the form AL-10510 may be used,

employing the alpha designation of the state code rather than the
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numeric standard. This two digit state/five digit place code combina-
tion is a major deviation from the place code structure (two digit
state/three digit county/four digit place) employed in the older sys-
tems maintained by Dun and Bradstreet, the General Services Admini-
stration, and IBM (See Sections 2.2 through 2.4). While the ANSI
Place Code is two digits shorter than the other codes and therefore
requires less space on a file record, it is a less flexible code in
that the entities coded in this system cannot be sorted by county.
The ANSI Place Code covers approximatelv 130,000 named populated
places and related entities. The list of places is based primarily
on an amalgamation of entities contained in the Rand McNally Commer-
cial Atlas and the Standard Point Location Code (See Section 3.6).
Because of the varied character of the named places included in this
list, no single definition or criterion can be stated as a qualifica-
tion for inclusion in the ANSI Place Code System. Instead, ANSI has
established eighteen categories of entities and an entity fulfilling
any one of these definitions may be included in the system. In gen-
eral the ANSI Place Code covers named populated cities, towns, vil-
lages, and similar populated communities, whether or not they are
organized as municipal governments; and several categories of named
entities that are similar to these in one or more important respects,
including: 1) scattered rural communities; 2) important military and
naval installations; 3) townships in the states where such units
have governmental powers; 4) Indian reservations; 5) national and

state parks; and 6) named places that form parts of other places as
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defined. Also included are named places with no permanent residents
having significance for transportation, industrial or commercial pur-
poses, such as unpopulated railroad points, airports, and shopping
centers (See Figure 2.7). Thus, the universe of places coded in the
ANSI file is much larger than the universe of any other place code
system. It includes both the generalized universe of populated places
and the places of more specialized significance.

The common characteristic of these varied types of

entity is that all of them are recognized as named

places by a significant segment of the public. In

other words, for each category of entity there is an

important group of users who would expect to find it

included in a standard place code. The reverse is

also true--there are users who will not wish certain

categories of entity included for their special pur-

poses. Therefore the categorization of entity by

type is a very important adjunct to use of the code,

since it permits users to select those types of

entity which fit their own particular conception of

'populated places.' !

In conjunction with the basic place code there are three addi-
tional code features in the ANSI system: 1) a class designator which
is a single letter mnemonic code serving to class the individual
entity into one of the eighteen place categories; 2) a nineteenth
class which is designated X and is comprised of the places with alter-
nate and former names; and 3) an "inclusion" indicator which is

assigned to places that meet the criteria for individual codes but

can also be parts of other places uniquely coded.

IRichard L. Forstall, Chairman, Place Codes Subgroup, ANSI Task
Group X3LB4, "The American National Standard Code for Named Populated
Places and Related Entities," The National Geocoding Conference, Pro-
ceedings, (Washington, D.C.: U.S. Department of Transportation, 1972),
p. 111.3.
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COUNT
CATEGORY DESIGNATION (THOUSANDS) COMPLETENESS

Incorporated Places c 19.0 *
Unincorporated Places U 42,7 *k
Seasonally Populated Places K 1.0 bl
Rural Communities R 22.0 T
Military Installations Wholly or L 0.1 e
Largely Within Incorporated Places °
Military Installations Wholly or M 0.4 o
Largely Outside Incorporated Places N
Unpopulated Industrial Points F 0.3 *x
Shopping Centers a 0.2 o
(not parts of other places)
Unpopulated Transport Points s 9.2 *
Airports A 0.5 hdd
Indian Reservations D 0.2 *
National and State Parks N 1.0 *
Places Which are Parts P 12.0 .
of Incorporated Places
Places Which.are Parts of 0 3.3 .
Populated Unincorporated Places
Urban Townships T 0.3 *
Townships Associated With a v 5.6 N
Locality of Identical Name .
Townships Not Associated With W 13.5 .
a Locality of Identical Name .
Townships Wholly Comprised v 0.5 .
Within an Incorporated Place .

131.9 TOTAL

*W .
Complete: The criteria for e

*Exhaustive: Original file
should include every entity
meeting the definition, and
future maintenance should
add any new or corrected
entities that meet the
definition

inclusion in the original
file are intended to include
all the more important
entities of the class;
additional entities should
be added if (a) they meet
the criteria and (b) there
is a demonstrated need for
users of the standard to
recognize them separately

Not Complete: Application of
the criteria should result

in including most or all of
the significant entities;
additional entities can be
added that meet the criteria
if there is a demonstrated
need for users of the standard
to recognize them separately

Source:

The American Wational Standards Institute

Figure 2.7 ANSI Categories for Named Populated

Places and Related Entities
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2.5.2 Point Codes

Another important activity of X3L84 has been the evaluation of
codes for point locations in the United States. A task force was
assigned to "study available systems of coding geographic point loca-
tions and to recommend a standard which is practical for use and is
currently available."l after careful deliberation, this task force
recommended latitude and longitude (See Section 5.1), the Universal
Transverse Mercator Grid (See Section 5.2), and the State Plane Co-
ordinate System (See Section 5.5) as the three most suitable systems
for coordinate point location standards.

The ANSI task force on point location codes notes that all three
of the approved coordinate systems meet the precision requirements of
a point location code.2 All are mathematically compatible and inter-

convertible. However, each system has specific disadvantages. Lati-

Igenry D. Walker, "Report on Work of the Subcommittee for Codes
for Point lLocations in United States," a draft report presented to
ANSI Task Group X3L84, September 15, 1971.

2The most rigorous requirement is the location of a survey point,
measured to the nearest 100th of a foot.
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tude and longitude is the most universally accepted, but difficult to
work with and altitude conversion must be taken into consideration.
The Universal Transverse Mercator Grid (UTM) is measured in metric
units and there are large distortions in certain parts of the UTM
zones. The State Plane Coordinate System encompasses 127 zones with
separate origins and is based on two different map projections, mak-
ing conversion from zone to zone an arduous process. Therefore, the
ANSI committee on point location codes concluded that latitude and
longitude is the best system for measuring great distances; the
Universal Transverse Mercator system is most suitable for coding loca-
tions within the same UTM zone; and the State Plane Coordinate Sys-~
tem is most effective for local use. X3L84 will continue work on
this study project and an enlarged subcommittee will be appointed to
draft a code for the interchange of geographic point location infor-

mation based on the current recommendations of that subcommittee.

2.5.3 Representations for Mailing and Shipping Addresses

The current status of ANSI's study project on the standard repre-
sentation for mailing and shipping addresses is somewhat ambiguous.
In a memo to this study group, a representative of the United States
Postal Service (USPS, also a member of the study group) suggested:

A practical machine-oriented but human-readable
address standard would have wide application not
merely in the communications and transportation
industries, but in all information systems that
carry address as part of the data base...Consider-
ing the number and volume of existing address
files, however, a standardized orthography will

46



not be widely adopted until it is accompanied by

a 'standardizer,' i.e., a computer software package
that will accept non-standard addresses inputted
from magnetic tape files and convert them to stan-
dard spelling and format, outputted into a new,
'standard' file...at economic throughput rates...
Therefore, we propose that Project 95 (representa-
tion of mailing and shipping addresses) be tempor-
ily suspended until the ongoing USPS effort to
develop a universal standardizer reaches the point
where we have something concrete to demonstrate to
the committee.l

While this position was generally agreed upon, members of the
committee felt that some work could proceed with the identification of
address elements and even with the specification of their structure
while a standardizer was being developed. Therefore, the current
activity of this ANSI task force has been limited to a compilation of
a list of address element in priority order.

The progress of ANSI task groups concerned with geocoding stan-
dards is often very slow and arduous. This is due in part to the
time constraints imposed upon committee members who have many other
commitments associated with their normal work and due to the dif-

ficulty involved in reaching a consensus among rather diverse inter-

ests on often controversial items.

References:

U.S. Department of Commerce. National Bureau of Standards.
Federal Information Processing Standards Index. FIPS PUB 12,
Washington, D.C.: Government Printing Office, 1970.

iMemo from Mr. George W. Proffitt of the United States Postal
Service appended to the Meeting Minutes of ANSI Task Group X3L84,
February 21, 1974.
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Forstall, Richard L. "The American National Standard Code for
Named Populated Places and Related Entities," The National
Geocoding Conference Proceedings. Washington, D.C.: U.S.
Department of Transportation, 1972.

Walker, Henry D. "Report on Work of the Subcommittee for Codes
for Point Locations in the United States." A draft report
presented to ANSI Task Group X3L84. September 15, 1971.

ANSI Task Group X3L84. "Meeting Minutes," February 21, 1974.
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3. GEOPOLITICAL AND SPECIALIZED LOCATTON REFERENCE CODES

3.1 BUREAU OF THE CENSUS

Since the First Decennial Census of 1790 when population totals
for all 292 counties and most larger cities of the sixteen United
States were published in fifty-six pages until 1900, Census data
were tabulated almost exclusively for geopolitical areas with legally
defined boundaries. However, after the Bureau of the Census was
established as a permanent agency in 1902, statistically, administra-
tively, and functionally defined areas also became a part of the
Census geographic system. Currently, the Bureau collects and tabu-
lates data for over forty different spatial units included in one or
mmof&eﬂ@tmﬁhmmnﬂbml%mm%(%eﬁwm3JLl
The geocoding system maintained by the Bureau in order to tabulate
data for these various political, statistical, administrative and
functional areas is the most comprehensive national system of geo-

graphic codes.

1The eight continuous national Censuses are: the Census of
Housing and Population, the Census of Manufactures, the Census of
Agriculture, the Census of Mineral Industry, the Census of Govern~
ments, the Census of Business, the Census of Construction and the
Census of Transportation.
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Figure 3.1 Major National Censuses
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3.1.1 Definition of Geographic Areas1

1. Regions. Regions are large, geographically contiguous state
aggregates (with the exception of one region including Alaska and
Hawaii) which are the first order Census subdivisions of the United
States. There are four regions: Northeast, North Central, South, and
West (See Figure 3.2). Although Census data are tabulated by these

units there are no codes or abbreviations for the regions.

2. Geographic Divisions. Geographic divisions are areas composed of

contiguous states with the extracontinental states of Alaska and
Hawaii included in the Pacific Division. There are nine geographic
divisions, two or more of which constitute a region (See Figure 3.2).

As of 1970, the one digit division code has been discontinued.

3. States. The codes assigned to these first order political sub-
divisions of the United States are two digit numbers assigned in
sequence to the fifty states and the District of Columbia listed
alphabetically. These state codes conform to the FIPS standard desig-
nations (See Section 2.1). Prior to 1970, the Census state code was

a two digit number composed of the one digit division number and an

lThis section is extracted from the following sources: U.S.
Department of Commerce, Bureau of the Census, 1970 Census Users' Guide

Part 1 (Washington, D.C.: U.S. Government Printing Office, 1970).
U.S. Department of Commerce, Bureau of the Census, "Introduction to
Small Area Geographic Subdivisions for Which the U.S. Bureau of the
Census Collects and Tabulates Data," prepared by Valerie McFarland
and Ann D. Casey of the Data User Services Office (Washington, D.C.:
U.S. Bureau of the Census, 1972).
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additional digit designating a state within a division (See Figure

3.3).

4. Economic 3ubregions (ESRs). The 121 economic subregions are

interstate clusters of areas which are closely related in terms of
their economic and social characteristics. They are aggregates of
state economic areas (SEAs) which are, in turn, county aggregates.

A three digit numeric code is assigned to each ESR (See Figure 3.4).

5. State Economic Areas (SEAs). State economic areas consist of a

single county or a group of counties within a state which are rela-
tively homogeneous with respect to economic and social characteris-
tics. The delineation of these 509 SEAs involved the compilation of
data on population, manufacturing, transportation, topography, cli-
mate, natural resources and agriculture. As many as sixty-four
statistical indices were employed simultaneously to determine areas
of socioceconomic homogeneity. Standard Metropolitan Statistical Areas
(See Item 13) of one million or more population automatically consti~
tute whole SEAs except in New England where SEAs include the non-SMSA
remainder of counties containing an SMSA (in New England SMSAs are
groups of townships rather than whole counties) and in cases where
SMSA boundaries cross state lines, thereby necessitating the designa-
tion of two separate SEAs. State economic areas are identified by a

two digit number code (non-SMSA SEAs) or a one digit alphabetic code
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(SMSA SEAs) assigned sequentially within a state (See Figure 3.5).l

6. Counties. Counties and county equivalents are defined as the
primary political and administrative subdivisions of the fifty states.
County equivalents include: 29 Census Divisions in Alaska; 64 Parishes
in Louisiana; Baltimore City in Maryland; St. Louis City in Missouri;
Carson City in Nevada; the 39 Independent Cities in Virginia; the Con-
solidated Government of Columbus in Georgia; and that part of Yellow-
stone National Park located in Montana. The District of Columbia is
also considered a county equivalent. There are approximately 3,134
counties and county equivalents in the United States varying consider-
ably in size ind population. According to the 1970 Census, Upper
Yukon, Alaska, is the largest county with an area of 84,142 square
miles; New York County, New York (coextensive with the borough of
Manhattan) is the smallest with 23 square miles. The greatest number
of people, over seven million, reside in Los Angeles County, Califor-
nia, while only 164 people live in Love County, Texas. County data
are provided for nearly all Censuses.

A three digit numeric code unique within state is assigned to
each county. The codes used are those defined in the Federal Infor-
mation Processing Standards Publications (FIPSPUB No. 6, See Section

2.1). On the 1970 Census of Housing and Population summary tapes,

lpor a more detailed description of the development and criteria
for economic subregions and state economic areas refer to: Donald J.
Bogue, and Calvin L. Beale. Economic Areas of the United States.
New York: The Free Press of Glencoe, Inc., 196l.
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each geographic identification record carries two codes for county -
the 1970 county code and the 1970 county of tabulation code. These
two codes usually agree. However, when the 1970 county of tabulation
code differs from the 1970 county code, a record had been assigned an
incorrect 1970 county code, and the 1970 county of tabulation code
represents a correction which should be used in the aggregation of
records. A one digit code, known as the central county code, indicates
those counties that contain central cities of SMSAs. The code "O" in
this field indicates all those counties which contain SMSA central

cities and the code "1" indicates all counties which do not.

7. Minor Civil Divisions (MCDs). Minor civil divisions are the pri-

mary political and administrative subdivisions of counties or county
equivalents as established by state law. Although almost two thirds
of all MCDs are townships, an MCD may also consist of towns, precincts,
or other independent municipalities. While separate enumeration was
made for some county subdivisions even in the First Decennial Census
of 1790, it wasn't until 1870 that population totals were published
for county subdivisions in all states. In 1870 MCDs were described as
woivil divisions less than counties.” In 1880 the term "minor civil
division" was adopted and has been used ever since. In 1970 there
were over 28,000 MCDs ranging in size from townships of less than 100
people tc a few cases where the county itself is the MCD. Each MCD
or equivalent area (census county divisions) is assigned a three digit

numeric code in alphabetic sequence within a county. Gaps of five
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digits were originally allowed for the inclusion of new units in the

proper alphabetic sequence.

8. Census County Divisions (CCDs). 1In states where minor civil divi-

sions are not satisfactory statistical units, either because the areas
have lost their original significance, are too small, have frequent
boundary changes, or have indefinite boundaries, the Bureau of the
Census in cooperation with state and local authorities has established
relatively permanent, statistically relevant county subdivisions desig-
nated as census county divisions. 1In delineating these county sub-
divisions, consideration is given to recognizing the trade pattern or
service areas of principal settlements and in some cases to major land
use or physiographic differences. The boundaries generally follow
physical features, such as transportation lines, streams or ridges.

The larger incorporated places are recognized as individual census county
divisions, and the boundaries of these divisions change when annexations
occur, CCDs were first established in the state of Washington for use

in the 1950 Censuses. Between 1950 and 1960, the program was extended
to seventeen more states in which the pattern of MCDs was not well
suited for statistical purposes. During the last decade CCDs have been
added in three other states.l All counties in these states have been

subdivided into census county divisions. 1In reviewing the existing

lThe 21 states with census county divisions are: Alabama, Arizona,
California, Colorado, Delaware, Florida, Georgia, Hawaii, Idaho, Ken-
tucky, Montana, New Mexico, North Dakota, Oklahoma, Oregon, South
Carolina, Tennessee, Texas, Utah, Washington and Wyoming.
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CccDs for the 1970 Census, some revisions were made to improve their
usefulness. TFor example, most of the counties with small populations
which were single CCDs in 1960 have been divided into two CCDs in
order to provide more statistical detail. The Census of Housing and
Population is the only one for which census county division data is
provided. The total number of CCDs and MCDs is approximately 36,000.
They are assigned a three digit numeric code and the boundaries of
both CCDs and MCDs are updated annually by a boundary and annexation

survey conducted by the Bureau of the Census.

g. places. Both incorporated and unincorporated concentrations of
population generally termed places are recognized by the Bureau of the
Census. A four digit numeric code is assigned to each place in alpha-
betic sequence within a state. Place codes are unique within states
but place boundaries may cross county, MCD, or CCD lines. The codes
are gapped at intervals of five digits to permit insertion of codes
for additional places in the proper alphabetic sequence. 1In addition
to the place code itself there are two other place associated codes.
The place description code is a one digit number which identifies
place by type. Places are classified and coded as follows:

1 - central city 4 - other incorporated place

(SMSA)
5 - unincorporated place
2 - central city

(Urbanized Area) 6 - not a place

3 - central city
(SMSA and Urbanized Area)
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Places are also qualified by a two digit place size code which identi-
fies one of sixteen population groups into which a place falls on the

basis of the 1970 Census. The place size codes are:

G0 - under 200 08 - 10,000 to 19,999
01 - 200 to 499 09 - 20,000 to 24,999
02 - 500 to 999 10 - 25,000 to 49,999
03 - 1,000 to 1,499 11 - 50,000 to 99,999
04 - 1,500 to 1,999 12 - 100,000 to 249,999
05 - 2,000 to 2,499 13 - 250,000 to 499,999
06 - 2,500 to 4,999 14 - 500,000 to 999,999
07 - 5,000 to 9,999 15 - 1,000,000 or more.....

9.1 Incorporated Places. These are political units incorporated

as cities, towns, villages, or boroughs (with the exception of towns
in New England, New York or Wisconsin and boroughs in Alaska which
are not recognized as incorporated places). Statistics for incorpor-
ated places of all types and sizes have been published in the popula-
tion and housing Census report since 1870. In 1970 there were more

than 18,500 incorporated places.

9.2 Unincorporated Places. An unincorporated place is a closely

settled population center without legally defined corporate limits or
municipal powers. Each unincorporated place has a definite residential
nucleus, and boundaries are drawn to include, insofar as possible, all

the surrounding closely settled areas. 1In the 1940 Census of Housing
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and Population, data for unincorporated places were collected for

some areas in the United States. Beginning with the 1950 Census, data
have been collected for unincorporated places nationwide. In 1970,
there was a significant increase in the number of unincorporated
places defined and reported as a result of increased participation in
their definition by state highway agencies and the local census tract
committees. The decision to recognize unincorporated places of 5,000
or more inhabitants within urbanized areas (See Item 15) also increased
the number of unincorporated places reported. Due to this substantial
increase, data from the 1970 Census of Housing and Population will be
published only for those unincorporated places with 1,000 inhabitants

Oor more.

10. Governmental Units. In reports published by the Census of Govern-

ments, statistics are tabulated for types of governments rather than

for types of places. To be reported as a government, an entity must
possess all three of the following attributes: 1) existence as an organ-
ized entity as evidenced by the presence of some form of organization
and the possession of some corporate powers; 2) governmental character,
as indicated where officers of the entity are popularly elected or
appointed by public officials with responsibility entailed to the
public; and 3) substantial autonomy in fiscal administrative functions.
There were 78,269 governmental units in the United States at the begin-
ning of 1972, The 15,78l local school districts and 23,885 special

districts accounted for a little over one half of this total. The
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remainder includes the federal government, the 50 state governments,
3,044 counties, 18,517 municipalities, and 16,991 townships. The
1972 count of local governments is based on a directory card listing
which shows for each governmental unit and dependent school system
its name, county location, mailing address, and selected characteris-
tics--including the population of counties, municipalities, and town-
ships and the enrollment of school districts and dependent school
systems. This directory card record was first prepared in 1951-52

and has since been successively updated.

10.1 Municipalities. For purposes of Census classification, a

municipality is a political subdivision within which a municipal cor-
poration has been established to provide general local government for
a specific population concentration in a defined area. A municipality
may be legally termed a city, village, borough (except in Alaska), or
town (except in New England States, New York and Wisconsin).l The
concept of municipalities corresponds generally to the "incorporated
places” that are recoanized in Census Bureau reporting of population
and housing statistics subject to an important qualification--the
count of municipalities in this report excludes places which are

reported as currently govermmentally inactive.

1rn Alaska, the term "borough" corresponds to units classed as
county governments and in New England, New York and Wisconsin, the
term "town" relates to an area subdivision which (although it may be
legally termed a municipal corporation and have a similar governmental
organization) has no necessary relationsh.p to a concentration of popu-
lation and thus corresponds to townships in other states.
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10.2 Townships. The term townships applies to 16,991 organized
governments, located in 21 states. This category includes governmental
units officially designated as towns in the six New England states,

New York, and Wisconsin and some "plantations" in Maine and "locations"
in New Hampshire as well as governments called townships in other
areas. As distinguished from municipalities, which are created to
serve specific population concentrations, townships exist to serve in-
habitants of areas defined without regard to population concentrations.
Excluded from this count of township govermments are unorganized town-
ship areas, townships coextensive with cities where the city govern-
ments have absorbed the township functions, and townships known to

have ceased to perform governmental functions.

10.3 School Districts. Of the 17,238 school systems in the United

States in early 1972, only the 15,781 that are independent school dis-
tricts are recognized as separate units of government. The other 1,457
dependent school systems are regarded as agencies of other governments--
county, municipality, township, or state--and are excluded from the
count of governmental units. Because of the variety of state legisla-
tive provisions for the administration and operation of public schools,
marked diversity is found in school organization throughout the United
States. In 27 states, responsibility for public schools rests solely
with school districts which are independent governmental units. In
another three states--California, Indiana, and Ohio--all school systems

that provide education through grade 12 are independent governments.
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However, each of these states has an institution of higher education
operated by a city or county government. A mixed situation is found
in 15 states, with public schools that provide elementary and second-
ary education operated in some areas by independent school districts
and elsewhere by some other type of government. In the District of
Columbia and in five states (Alaska, Hawaii, Maryland, North Carolina,
and Virginia) there are no independent school districts, and all pub-
lic schools are administered by systems that are agencies of county

or city governments, or of the state.

10.4 Special Districts. Special districts make up the most

varied area of local government. With the exception of Alaska, these
units are found in every state and in the District of Columbia. Most
special districts are established to perform a single function but
some are authorized by their enabling legislation to provide several
kinds of services. More than one fourth of all special districts are
concerned with natural resources; fire protection districts constitute
one sixth of the total number; and housing authorities and urban water
supply districts each one tenth. A variety of functions account for
the remaining number of special districts. Most of the units recog-
nized as multiple function in nature involve some combination of

urban water supply with other services, most comnonly sewerage ser-
vices. A total of more than 3,000 special districts are concerned
with arban water supply either as the sole function or as one of a

combination of functions.
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11. Congressional Districts. These areas are defined by state legis-

latures for the purpose of electing congressmen to the United States
House of Representatives and are subject to change, based on popula-
tion counts, after each Decennial Census. Almost all of the fifty
states revised their congressional districts boundaries in 1971 and
1972 as a result of the 1970 Census of Housing and Population. Due

to recent decisions of the United States Supreme Court requiring un-
precedentedly close equality of population in congressional districts,
states may be required to change the district boundaries more frequent-
ly. Congressional districts are identified by a two digit numeric

code which corresponds to the number assigned in state legislation,
except that the code 01 is used to identify areas in which members of
congress are elected at large, rather than by district. These congres-
sional district codes also conform to the FIPS standard (See Section
2.1). The Censuses of Population and Housing are the only Censuses

for which statistics are tabulated by congressional districts. In

1970 there were 435 congressional districts.

12. Wards. Wards are political subdivisions of cities used for
voting and representation purposes. Population totals for wards were
reported for some cities as early as 1800. These areas are reported
in the Census of Housing and Population tabulations in cities of
10,000 or more which have provided boundary information; however the
statistical significance of wards is negligible, primarily because of

the frequent boundary changes. The ward code is a two digit number
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generally assigned by each city.

13. Standard Metropolitan Statistical Areas (SMSAs). Except in the

New England states, a standard metropolitan statistical area consists
of a county or group of contiguous counties containing at least one
city of 50,000 inhabitants or more, or "twin cities" with a combined
population of at least 50,000. In addition to the county, or counties
containing such a city or cities, contiguous counties are included

in an SMSA if they are metropolitan in character and are socially and
econamically integrated with the central city.1 In the New England
states, SMSAs consist of towns and cities instead of counties. Each
SMSA must include at least one central city and there is no limit to
the number of adjacent counties included in the SMSA as long as they
are integrated with the central city. SMSAs may also cross state
boundaries. The concept of the SMSA was developed for the 1950 Census
in order to present general purpose statistics. Originally these units
were called standard metropolitan areas. TLater the term statistical
was added in order to avoid misunderstanding concerning the nature of
the areas so recognized. Standard metropolitan statistical areas are
delineated by the Office of Management and Budget (OMB) with the
advice of the Federal Committee on Standard Metropolitan Statistical
Areas, which is composed of representatives of the major federal

statistical agencies. The definitions are reviewed from time to time

lA detailed list of the exact criteria for SMSAs is included in
Section 4.3.
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and revisions are made on the basis of more recent data. As of May
1973 there were 263 SMSAs in the United States and 4 additional desig-
nated SMSAs in Puerto Rico (See Figure 3.6).l Each of these areas is
assigned a four digit number in alphabetic sequence by title conform-
ing to the FIPS standard for SMSA codes.2 This series of numbers was
originally gapped at intervals of forty. The population living in
SMSAs is designated as the metropolitan population. This classifica-
tion is further subdivided into population "inside central city or
cities" and population "outside central city or cities." The popula-

tion living outside SMSAs constitutes the nonmetropolitan population.

14. Standard Consolidated Areas (SCAs). 1In view of the special impor-

tance of the metropolitan complexes around New York and Chicago, several
contiguous SMSAs and additional counties that do not meet the formal
SMSA integration criteria but do have other strong interrelationships
have been combined into the New York-Northeastern New Jersey and the
Chicago-Northwestern Indiana Standard Consolidated Areas. In Census
tabulations, a one digit alphabetic code is assigned to each of these

SCAs. They are:

lgyery one of the 50 United States except Wyoming and Vermont
contain at least one SMSA.

2mrwemﬂEmeC%mm%,memeofme%mue@mwd
a three digit truncation of the four digit FIPS SMSA code. Since the
last digit of all but one of the FIPS SMSA codes assigned at that time
was zero, this truncation does not actually alter the standard codes.
After 1972 FIPS added two more SMSA codes with final digits other than
zero.
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A. New York SMSA, Newark SMSA, Jersey City SMSA, Paterson -
Clifton - Passaic SMSA, and Middlesex and Somerset Counties
in New Jersey
B. Chicago SMSA and Gary-Hammond-East Chicago SMSA in Indiana
The concept of standard consolidated areas was introduced in the 1960
Census of Housing and Population. Although the definition of the two
SCAs in terms of SMSAs has been altered due to a shuffle of SMSA defini-
tions between the 1960 and 1970 Censuses, the component counties have

remained the same--these are the counties that comprised the 1950 SMSA

of New York and the 1950 SMSA of Chicago (with two additional counties).l

15. Urbanized Areas. The major objective of the Census Bureau in

delineating urbanized areas is to provide a clear separation of urban
and rural population in the vicinity of larger cities. An urbanized
area consists of a central city, or cities, and surrounding densely
settled territory. The specific criteria for delineation of an urban-
ized area are as follows:

1. A concentrated nucleus of population consisting of:
a. a central city of 50,000 inhabitants or more in
1960, in a special census conducted by the Census
Bureau since 1960, or in the 1970 Census; or

b. twin cities, i.e., cities with contiguous boundaries
and constituting for general social and economic pur-
poses a single community with a combined population
of at least 50,000 and with the smaller of the twin
cities having a population of at least 15,000.

1It is assumed that the 1970 definition of the New York-Northeast-
ern New Jersey - Standard Consolidated Area will be altered to reflect
the alteration of the New York SMSA in 1971.
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2. Surrounding closely settled territory, including:
a. incorporated places of 2,500 inhabitants or more

b. incorporated places with fewer than 2,500 inhab-
itants, provided that each has a closely settled
area of 100 housing units or more.
c. small parcels of land normally less than one square
mile in area having a population density of 1,000
inhabitants or more per square mile. The areas of
large nonresidential tracts devoted to such urban
land uses as railyards, airports, factories, parks,
golf courses, and cemetaries are excluded in comput-
ing population density.
d. other similar small areas in unincorporated territory
with lower population density provided that they
serve
- to eliminate enclaves or
- to close indentations of one mile or less across
an open end, or
- to link outlying enumeration districts of qualify-
ing density that are not more than 1 1/2 miles
from the main body of the urbanized area.
Urbanized areas which were first delineated in 1950, differ from stand-
ard metropolitan statistical areas (SMSAs) principally in excluding
the rural portions of the counties composing the SMSAs and excluding
those towns which are separated by a strip of rural territory from the
densely populated fringe around the central city. All persons residing
in an urbanized area are classified as urban. The urbanized area popu-
lation is sometimes divided into those in the "central city (or cities)™
and those in the remainder of the area or the "urban fringe." Because
urbanized areas are defined on the basis of population distribution at
the time of the census, the boundaries are not permanent. A four digit

numeric code assigned to urbanized areas in alphabetic sequence provides

unique identification for each of the 248 urbanized areas in the United
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States.

16. Central Business Districts (CBDs). A statistical area based on

census tracts, the central business district is the downtown retail
trade area of a city. As defined by the Census Bureau, the CBD is an
area of very high land valuation characterized by a high concentration
of retail business offices, theaters, hotels, and service businesses,
and with a high traffic flow. CBDs consist of one or more whole census
tracts and have been defined only in cities with a population of
100,000 or more. The purpose of defining the CBD is to provide a basis
for comparing changes in business activity in the CBD with changes in
the remainder of the metropolitan area or of the central city. Central
business districts were identified for the first time in the 1954
Census of Business. The number of CBDs for which data are published
increased from 95 in 1954 to about 150 in 1972. A one digit code,
known as the central business district indication, denotes what tracted

areas are to be tabulated as part of a CBD.

17. Major Retail Centers (MRCs). Major retail centers are concentra-

tions of retail stores located inside an SMSA but not in the central
business district of the chief city of the SMSA. An SMSA may have more
than one MRC. To be considered an MRC, a shopping area has to contain
at least one major general merchandise store--usually a department
store--and have $5 million or more in retail sales annually. MRC's

include not only the planned suburban shopping centers but also the

72



older "string" street and neighborhood developments which meet the pre-
requisites. Frequently the boundaries of a single MRC include stores
located within a planned shopping center as well as adjacent stores
outside the planned portion. In general, the boundaries of the MRCs have
been established to include all adjacent blocks containing at least one
store in the general merchandise, apparel, or furniture and appliance
groups of stores. The MRC, like the CBD, was developed to measure the
changes in shopping habits from the downtown business districts to out-
lying suburban shopping centers. Major retail centers were identified
for the first time in the 1958 Census of Business. The number of MRCs
for which data are published has increased from 472 in 1958 to almost
2,000 in 1972. The Census of Business is the only source of statistics

for major retail centers.

18. Census Tracts. Census tracts are small, relatively permanent

areas into which large cities and adjacent areas have been divided for
statistical purposes. Tracts are designed to be relatively uniform
with respect to population characteristics, economic status, and living
conditions. The average tract has a little over 4,000 residents.

Tract boundaries are established cooperatively by a local census com-
mittee and the Bureau of the Census according to the standards that
dictate limitations on population size, specify the best type of visible
boundaries, and indicate the type of homogeneity required. Geographic
shape or area size of tracts is of relatively minor importance. Tract

boundaries are established with the intention of being maintained over
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a long time so that statistical comparisons can be made from year to
year and from census to census. However, occasional changes may be
made in tract boundaries due to physical changes in the street patterns
of cities caused by highway construction, park development, urban re-
newal programs, etc. The concept of census tracts was originated by
Dr. Walter Laidlaw in New York City in 1906. At his request, the
Bureau of the Census tabulated census tract data from the 1910 Census
for New York City and seven other cities. The program attracted users
slowly in the early decades of its development but by 1950 the census
tract system was well established and widely used. For the 1970 census
all SMSAs recognized at the time of the census are completely tracted
and include about 32,000 census tracts. Over 100 counties, cities, or
parts of counties outside SMSAs are also tracted and include about
2,600 census tracts. In many more cities than before, census tracts
have been modified to disregard city limits thereby reducing the need
for future tract changes as city limits expand. However, census tracts
have always and will continue to respect county boundaries. Each cen-
sus tract is assigned a six digit numeric identification number. The
first four digits are the "basic" code and the last two are the "suffix"
code. The suffix is only used when necessary to identify two or more
tracts formed from a former single tract. Basic tract codes can range
from 1 to 9,999, and the suffix codes range from 00 to 95. Suffix

code 99 is reserved for crews of ships. The number is always unique
within county, usually unique within SMSA, and in a few instances,

unique within state. Census tract data from the Census of Housing and
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Population are published in a series of reports, one for each SMSA.

19. Enumeration Districts (EDs). Enumeration districts are small

administrative areas containing on the average 250 housing units.

They are defined by the Bureau of the Census and used for the collect-
ion and tabulation of population and housing data. Two administrative
factors play a part in determining the geographic definition: 1) the
estimated population size of the ED should constitute an adequate enum-
erator workload; and 2) the ED will never cross the boundary of a city,
township, or other area (except census blocks) for which data are to
be tabulated. EDs are delineated by outlining them on the base maps.
In 1970, there were approximately 250,000 EDs. For the 1970 Census

of Population and Housing, where approximately three fifths of the
population were enumerated by a mail-out/mail-back canvass, EDs simi-
lar tc those of earlier censuses were used for the collection and tab-
ulation of data only for the conventional enumeration areas and for
portions of the mail-out/mail-back SMSAs not covered by the Address
Coding Guide. There were about 750 people in each ED in the conven-
tional enumeration areas and about 1,500 people in the SMSA areas where
EDs were used. A four digit numeric code (ED basic code} is assigned
sequentially to each ED within a county, and in some instances within
a District Office Territory. A one digit alphabetic suffix code is
used to indicate splits of original EDs. Another one digit code, com-
monly called ED type, identifies an ED as being in one of the follow-

ing areas: Address Coding Guide (0), Prelist (1), and Conventional
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(non-mail) (2). EDs in Address Coding Guide areas are called block
groups. Although data for enumeration districts have not been published
in the printed reports of the censuses, data for enumeration districts

and block groups are available on the 1970 First Count Summary Tape.l

20. Block Groups. Block groups are tabulation areas, defined by the
Census Bureau, which were used in the census-by-mail areas. The desig-
nation "block group" was new in 1970. A block group is a combination
of contiguous blocks having a combined average population of about
1,000. Block groups are approximately equal in area (discounting parks,
cemeteries, railroad yards, industrial plants, rural areas, etc.);

they are subdivisions of census tracts which simplify numbering and
data control. Block groups are typically defined without regard to

the boundaries -f political or administrative areas, such as cities,
minor civil divisions, congressional districts, etc. When a block
group straddles one or more of these boundaries, data for those parts
in different areas are tabulated separately. Each block group is iden-
tified by the first digit of the three digit block number. Block group
"1" will contain any block in range 101 - 199, block group "2" will

range 201 - 299, etc. However, normally only the first few numbers in

lprom the 1970 Census, six counts of population and housing data
are available. The first three counts relate to the subject items col-
lected on a 100 percent basis in the Census. The second three counts
contain data collected on a sample basis in the Census. The data so
tabulated are available--subject to suppression of certain detail where
necessary to protect confidentiality--on magnetic computer tape at the
cost of preparing the copy.
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a range are used. For purposes of providing small area population and
housing data, they are equivalent to enumeration districts within the
mail-out/mail-back areas where Address Coding Guides have been pre-

pared.

21. Block Numbering Areas. In untracted areas where city blocks are

tabulated on a contract basis, blocks have been numbered in block num-
bering areas which are identified by census tract type numbers ranging
from 9400.00 to 9999.00. Block numbering areas are unique within
county boundaries and usually contain a population of about 4,000

people. Data are not tabulated for these areas.

22. City Block. A city block is normally a well-defined rectangular
piece of land bounded by street and roads. However, it may be irregu-
lar in shape or bounded by railroad tracks, streams, or other features.
Blocks may not cross census tract boundaries but may cross other bound-
aries such as city limits. Beginning with the 1940 Census of Housing,
block statistics were published for all cities with a population of
50,000 or more at the time of the last decennial or special census.
For the 1970 Census, the city block program was expanded to include
approximately 1,800,000 blocks. Blocks were identified and data tabu-
lated and published for all cities of 50,000 inhabitants or more in

an official census prior to 1970 and for the urbanized areas of these
cities. In addition, the Bureau also collected and published data

for blocks in over 900 additional areas on a contractual basis where

the local area paid for the processing and tabulation. A three digit
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identification code number is assigned to each block. The first of
this code is always one or greater. Block numbers are unique within
each census tract (See Figures 3.7 and 3.8 illustrating Hierarchy of

Census Geographic Units).

= L1

22.1 Block Face. A block face is the side of a city block; a
segment of the periphery of a block; or a segment of a cul-de-sac run-
ning into a block. Block faces can be identified by using the Address
Coding Guide and grouped to any specifications at request for a special

tabulation.

23. Geographic Description Codes.

23.1 Urban/Rural Population. Urban population comprise all per-

sons living in:
1. Places of 2,500 inhabitants or more incorporated as cities,
boroughs, villages, and towns (except boroughs in Alaska and

towns in New England, New York, and Wisconsin).

2. The densely settled urban fringe, whether incorporated or
unincorporated, or urbanized areas.

3. Unincorporated places of 2,500 or more inhabitants.
Rural areas are those remaining areas not falling into one of these
categories. The Bureau of the Census uses a one digit code on the
summary tapes to classify enumeration districts as urban, rural. The

urban/rural code designations are as follows: Q0 = urban, and 1 - rural.

23.2 Universal Area Code (UAC). All central cities of SMSAs,

select towns, and all counties and central business districts in the
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United States are assigned a five digit numeric universal area code.
The levels are: county (1); town (New England) (2); city (3); and

central business district (4).

24. Special Purpose Districts.

24.1 Foreign Trade Statistical Areas. Statistics on United

States imports and exports are published for many different areas.
Information is shown for foreign countries, foreign ports, Puerto
Rico, U.S. possessions (Virgin Islands, Wake Island, Guam, and Ameri-
can Samoa), U.S. coastal districts, U.S. ports (including Great Lakes

ports), and for combinations of trading areas (See Section 4.7).

24.2 Water Locations. These are areas established to provide

tabulations useful in analyzing the population growth of SMSAs near
coasts, lakes, and rivers. Water locations first appeared in the
1960 Population Census Report entitled "Standard Metropolitan Statis-

tical Areas," PC(3)-ID.

24.3 Industrial Water Usage Regions. Twenty of these units

defined by a federal interagency committee are recognized in a sub-
ject report from the Census of Manufactures, "Water Use in Manufac-
turing." Each region is a combination of counties grouped to reflect

major water drainage basins.
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24.4 Fishing Regions. Statistics for these ten regions as defined

by the Department of the Interior are printed in the report from the

1963 Census of Commercial Fisheries.

24.5 Petroleum Regions. Statistics for these eight regions are

presented in a report from the Census of Business. They are defined
by the Departments of Defense and the Interior and by the Executive

Office of the President.

24.6 Lumber Industry Regions. Statistics for these ten regions

are presented in the annual Current Industrial Report, "Lumber Produc-

tion and Mill Stocks."

24.7 Regional Marketing Areas. Statistics for these areas are

tabulated for brick and structural clay tile (except surfacing tile).
They appear in the monthly Current Industrial Report, "Clay Construc-

tion Products.”

24.8 0il and Gas Districts. These regions are located in Louisi-

ana, Texas, and New Mexico. In Louisiana, they are composed of
parishes and in New Mexico and Texas they are composed of counties.
Statistics for the seventeen districts are presented in the reports
on petroleum and natural gas industries in the Census of Mineral

Industries.
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24.9 Standard Locatien Areas (SLAs). This is an area defined by

the Office of Civil Defense. Special Housing and Population Census
tabulations are produced for use in the Civil Defense Damage Assess-
ment Program. SLAs consist of census tracts in tracted areas (tracts
lying both inside and outside cities of 50,000 or more are regarded
as split tracts and are treated as two separate SLAs); wards in un-
tracted cities of 25,000 or more where wards are identified; groups
of enumeration districts (averaging 5,000 population) in cities of
25,000 or more with neither tracts or wards; urban places of 2,500 to
25,000 outside tracted areas; or MCDs and CCDs, grouped where neces-

sary to attain a minimum population of 2,000 (See Section 3.2).

24.10 Production Areas and Market Areas. Production areas and

market areas are geographic units especially defined for use in the
Census of Transportation. A production area consists of a single

SMSA or cluster of SMSAs selected to represent relatively compact geo-
graphic concentrations of industrial activity. These units are used
to reference the origin of commodity movements without disclosing the
activities of any company or individual. The production area code is
a two digit number ranging from 01 to 25. Market areas are geographic
units created to provide more destination detail than possible for

the origin detail provided by the production area system. The pro-
duction areas which are major market as well as production areas and
an additional number of SMSA complexes with concentrated marketing

activities comprise the full set of market areas (See Section 3.7).
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Market areas are coded from 31 to 55.

24.11 ZIP Code Areas. ZIP code areas are special units established

‘by=the=UrSt=Postal=Service=for directing=and-sorting.mail....They.are.
identified by five digit numeric codes. The first three digits indi-
cate a major city or sectional distribution center; the last two digits
signify a specific post office'’s delivery area within the center (See
Section 4.1). ZIP code areas do not coincide with Census areas and
change according to postal requirements. They are not mutually exclu-
sive areas and their boundaries do not necessarily follow clearly
identifiable physical features. Since ZIP code areas were developed
within the last decade, the 1970 Census is the first census to provide
data by ZIP code areas. These data are available only in the form of
the Fifth Count Summary Tapes. These data are estimates and are of

a lower order of precision than other Census information.

3.1.2 Geographic Files

MEDList and GACI. The Bureau of the Census has prepared two geographic

index files for the 1970 Census of Housing and Population. The Master
Enumeration District List (MEDList), which is the successor of the
1960 Geographic Identification Scheme, is a file associating names of
enumeration districts, block groups, and minor civil divisions or cen-
sus county divisions for a state with their geographic identification
codes as well as their population and housing counts. 1In areas where

address coding guides have been developed, the smallest unit on the
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MEDList is the block group. Enumeration districts are the smallest
unit in all other areas (Figure 3.9).

Another version of the Census MEDList has been prepared by the
Office of Civil Defense (Figure 3.10). This file contains the appro-
priate census codes, the 1970 population and housing counts, and the
latitude and longitude of the centroid of the enumeration districts
or block groups listed.

A third file called the Geographic Area Code Index (GACI) contains
geographic codes for each state, county, minor civil division or
census county division, and place in the United States, thus providing
a means of associating area names with the geographic codes on census
summary tapes. Essentially GACI is an abbreviated or truncated ver-
sion of MEDList and it does not contain either population or housing

counts (Figure 3.11).

ACG/DIME Geographic Base Files. In 1970, the Bureau of the Census

expanded those areas canvassed by mail in the Nineteenth Decennial
Census of Population and Housing. For the 145 SMSAs canvassed by
mail, a system called the address coding guide (ACG) was employed to
code individual addresses on the mailing list to specific geographic
areas for tabulation. The addresses coding guide consists of an
inventory of block faces with their associated street names and
address ranges together with codes identifying specified geographic
areas within which the block faces lie. Each record in the file

refers to a segment of a street by identifying the ZIP code, the
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street name and the first and last address associated with that seg-

ment.

Each record relates to odd numbered or even numbered addresses,

never to both.

The series of geographic identifiers contained on an ACG record

include: state, county, minor civil division or census county division,

place, 2IP code, census tract, street (name of street, street direc-

tion,
SMSA,

code,

street type and serial number), address range, block number,
district office (Bureau of the Census administrative code), area

local code or census serial number, ward, annex (area annexed

between 1960 and 1970), congressional district, post office, and serial

number. Most of these identifiers and their significance have been

defined previously. The others are:

Address Range. The address range consists of the lowest and
highest addresses of a range of addresses on a block face.
Usually, the potential address range is recorded. An address
range of zero may appear when a block face contains no addresses
or the potential range is unknown. High and low addresses may
be the same if there is only one address on a block face.

Area Code. During the preparation of address coding guides, a
three digit numeric code, known as the area code was devised
solely to provide an identification combining MCD and place
codes. The area code is assigned to MCDs or CCDs alphabetically
within county, and to all places within each MCD or CCD. Numbers
were assigned at intervals of five, beginning with 005, (except
Cook County, Illinois and Allegheny County, Pennsylvania, where
numbers were assigned at intervals of four, beginning with 004)
to provide for insertion of new places and changes in alphabetic
listing of MCD/CCDs. The minor civil division/place code combin-
ation would have required seven digits if the normal codes were
used.

Serial Numbers. The serial number is a five digit identifier of
a single record in the address coding guide for an urbanized

area. The serial number is unique within SMSA. A suffix to the
serial number known as a check digit, is mathematically derived
from the serial number and used to detect errors in transcribing
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or punching serial numbers. A typical use of the serial number
is to identify records that are to be changed.

Street Code. The street code is a five digit numeric code for
each street name in the address coding guide and is unique with-
in postal finance areas. The postal finance area number used
Dby=the=U.S.-Postal.Service-consists=0f-two=digi-t-state=code~and
the last five digits of the seven digit postal data code. Postal
data codes must be used with the street codes to distinguish
among identical street codes in different postal finance areas.
Address coding guides were originally developed and pretested for
use in the 1970 Census of Population and Housing in New Haven, Connecti-
cut during the Census Use Study.l They were designed for use in con-
junction with another geocoding system called Dual Independent Map
Encoding (DIME). A DIME file is composed of segment records with a
segment being defined as a length of street or other feature (a river,
railroad track, municipal boundary, etc.) between two distinct verti-
ces or nodes. The process of DIME file creation essentially involves
translation of urban geographic information such as street patterns
from maps and other sources into a form that can be read and manipu-
lated by computers. While an ACG is constructed on a block face
basis a DIME file is constructed on a street segment basis. Each
ACG record contains the appropriate codes for one side of a street.

Each DIME segment record contains the appropriate codes for both

sides of a street between two nodes.

1The Bureau of the Census in conjunction with officials of the
New Haven SMSA initiated the Census Use Study in 1967. The objec-
tives of this program were to assess the needs and interests of cen-
sus data users and to improve the system for relating census data
with local agency data at a fine geographic scale.
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An ACG/DIME Geographic Base File (GBF) contains all of the infor-
mation contained in an address coding guide~-street name, address
ranges, census block numbers, census tracts number and other geo-
political codes--plus node designations and left/right orientation.
The nodes are numbered and assigned coordinate readings. Coordinates
in the ACG/DIME Geographic Base File can be expressed as geodetic
coordinates (degrees of longitude and latitude carried to four deci-
mal places), as State Plane coordinates and as "map miles" from an
arbitrary point. The nodes are placed at sharp curves in streets or
other features so that such curves can be adequately described by a
series of straight line segments when plotted by computer. The GBF
system contains all meaningful non-street features such as rivers,
municipal boundaries, shorelines, and railroad tracks. The combina-
tion of ACG and DIME provide a flexible geographic base file for
urban information system development with computer mapping and spa-
tial analysis capabilities.

additional DIME related programs (i.e., address matching program,
edit, update, and augment programs) have been developed in the Census
Use Study's Washington headquarters and in the other field offices in
Southern California and Indianapolis (See Figure 3.12).

At its present stage of development the ACG/DIME geographic base
file system is limited to urban area applications.l The address

coding guide and the dual independent map encoding systems are depen-

lCurrently the only statewide ACG/DIME Geographic Base File is
for Rhode Island.
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PROGRAM

FUNCTION

ADMATCH
~(AddressmMatchex)

An address matching system that provides the capability of
geographically coding computer readable records containing
street addresses. The system compares the addresses on
input data records (after standardization with a prepro-
cessor) with the address ranges in a reference file. A

oms i —

"match” occurs when the street names are judged identical

or equivalent and when the address falls within the defined
range. Any or all geographic codes from the reference file
may be attached to the matched data records.

UNIMATCH
(Universal Matcher)

An improved matching system that has many capabilities not
available in ADMATCH such as the ability to handle build-
ing names, street intersections, and non-address matching.
It is a generalized record linkage system which will com-
pile, assemble, and execute a file matching system tailored
to the specific needs of the user.

Grid Related Information
Display System (GRIDS)

A computer mapping system developed for producing character
printed maps from detailed data. GRIDS has a flexible user
oriented language and has several mapping options available.

DIME Area Centroid
System (DACS)

A flexible computer system for locating centroids and cal-
culating areas (square feet or acres) for blocks, block
groups, census tracts, etc., from DIME files. Centroid
location is required primarily as input to GRIDS and other
map generating computer packages.

Network Allocation of
Population to Shelter
(NAPS)

A system developed by the Census Use Study for the Office
of Civil Defense. It assigns the population to their
closest fallout shelter up to the shelter capacity limit.
It uses the DIME file to determine the shortest path to
the shelter and uses the Third Count Census Summary Tape
to establish population demand.

Computer Resource
Allocation Model
(CRAM)

A computer tool, based on the DIME file, that is designed
for use in facilities planning (schools, service agencies,
recreational facilities). It is a generalized facility
location system that allocates demand among the set of
available facilities according to their capacity to supply
services, street accessibility, and access time. CRAM is
an outgrowth of the more limited NAPS system.

Source: Bureau of the Census, Census Use Study: DIME Workshops, May 1973.

Figure 3.12 DIME Related Software Packages

92




PROGRAM

FUNCTION

CREATE

In areas where a GBF does not exist, CREATE establishes

a file from locally coded information. In areas where a
GBF already exists this program permits a large number of
new records to be added to the file.

FIXDIME II

This program: 1) edits locally prepared correction inputs
to the GBF for completeness and consistency; and 2) inserts
the accepted corrections into the file. FIXDIME 2 does not
include the insertion of x-y coordinates. FIXDIME C in-
cludes x-y coordinate information.

ADDEDIT-L

ADDEDIT-IL consists of two programs (a preprocessor and an

edit program) separated by a sort program. Among the op-

tions available are: 1) flagging only selected errors; and
2) complete listing of all segments of a feature which has
a flagged record or listing of flagged record and segments
on either side only.

TOPOEDIT

This program edits network features to determine their
validity. There are several options including an option
to edit only records in certain tracts. TOPOEDIT consists
of two programs (PRESORT and TOPOEDIT) separated by a
system sort.

FIXCORD

This program inserts missing or corrected x-y coordinate
values. The process involves inputting distance (measured
clerically) between points of known values to those nodes
lacking coordinate values. FIXCORD calculates node values
in each of three coordinate systems (state plane, latitude
and longitude, and map set miles) used in GBF/DIME files.

UPDIME

This is a comprehensive program, designed for large com-
puters (180K or larger of usable core). It includes many
of the functions of FIXDIME II, FIXCORD, and TOPOEDIT. It
does not include the functions of ADDEDIT.

Source: Bureau of the Census, Present Status and Future Prospects

of the Census Bureau's GBF/DIME CUE Program, April 1974.

Figure 3.13 CUE: Correction, Update, and Extension Program
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dent upon having information with a structured, city type, address.
Non-structured or oddly structured addresses such as intersection
addresses, major generator addresses, names of places, and rural
federal delivery addresses are not suitable for ACG files. However,
the Bureau of the Census is conducting a continuation program for
ACG/DIME. This program will focus on the extension of city type
addresses in rural areas, the provisions for non-structured address
coding and the development of GBF maintenance/update procedures for
the over 200 SMSAs which now have ACG/DIME geographic base files

(See Figure 3.13).
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3.2 NATIONAL LOCATION CODE

The National Location Code (NLC) is a geocoding system designed
to provide adequate small area coverage of the United States for the
purpose of coding the geographic asbects of national damage aésessment
and resource evaluation programs. It is maintained by the Office of
Preparedness, U.S. General Services Administration (formerly the
Office of Emergency Preparedness) and has been in use since 1956.1
The full NLC is composed of three code segments: region, state, area
and county (RSAC) are identified in the first seven digits; standard
location area (SLA) is designated by the next four digit serial num—
ber; and the final digits are geodetic coordinate readings to the
nearest second for the estimated center of population or the approxi-

mate geographic center of the SILA.

3.2.1 Region/State/Area/County (RSAC)

In 1970 the RSAC portion of the National Location Code was re-
vised to reflect the geopolitical boundary changes that occurred

since 1960 and to conform with established federal geocoding standards.

lthe first National Location Code (NLC) was developed in 1956 by
the Stanford Research Institute as part of a damage assessment system
for the Federal Civil Defense Administration. The National Resource
Evaluation Center adopted NLC and also used the code in its damage
assessment and resource evaluation programs. In 1960, the Office of
Civil Defense (OCD) and the Office of Emergency Preparedness (OEP)
adopted a revision of NLC that was prepared by the Geography Division
of the Bureau of the Census. In 1970, NLC was revised once again by
OEP. However, OCD elected to abandon NLC in favor of the Bureau of
the Census MEDList codes (See Section 3.1).
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The first order geopolitical subdivision of the revised RSAC code is
the standard federal region (See Section 4.3) designated by a single
digit, either 1 through 2 or A for the tenth region, in the first
position of the code (See Figure 3.14). The second digit identifies
states within federal regions. The District of Columbia and outlying
areas under the jurisdiction of the United States are treated as
states in the assignment of codes. Specifically, Puerto Rico and the
Virgin Islands are coded as states in federal region 2; the District
of Columbia is coded as a state in region 3; the Canal Zone is coded
as a state in regicn 4; and American Samoa and Guam are coded as states
in region 9. Within each federal region, states (including the Dis-
trict of Columbia) are coded in alphabetic sequence of state name.
Outlying areas assigned to federal regions 2,4, and 9 are assigned
codes in alphabetic sequence following the states. Except for the
Virgin Islands, all coding is numeric (the letter A is used for the
Virgin Islands). The two character state abbreviation shown in the
name field of the new code conforms to the Federal Information Proces-
sing Standard for state abbreviations.

The one digit entry following state code distinguishes between
the SMSA and non-SMSA portions of a state (or state equivalent as noted
above). A "1" is used to identify the SMSA portion of a state. A
"on jdentifies the non-SMSA SEA part of a state (See Section 2.1 Item
5). The closest thing to a "type of area” designation in the old
RSAC Code was the use of asterisks (*) to distinguish among SMSA,

"special" and "residual" areas recognized in the old code.
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Individual SMSAs and non-SMSAs are identified in the next three
positions. In the case of SMSAs, a unique code is used for each SMSA
so that records for resources located in SMSAs may be brought together,
if desired, regardless of existing state and regional boundaries. In
order to conform as closely as possible to the newly established FIPS
codes, the first three digits of the FIPS four position SMSA codes
are used as the NLC SMSA Code. With only three exceptions, the first
three digits of the FIPS SMSA code are unique and the fourth position
contains zero. Thus the NLC three digit truncation does not actually
alter the standard SMSA code. Individual SEAs within the non-SMSA
portions of states have been assigned three digit numeric codes begin-
ning with 001. The assignment of codes is unique only within state.
The sequence used for the assignment of codes within states reflects

the arrangement of SEAs in Bogue and Beal's Economic Areas of the

United States. The sequence is generally from west to east beginning

in the northwest corner of the non-SMSA portion of a state (See Figure
3.5).

The final digit of the new RSAC code is a county designation
which identifies counties within their SMSA or non-SMSA SEA portion
of a state. Where states are subdivided into units other than
counties such as Parishes in Louisiana, Divisions in Alaska or Munici-
pios in Puerto Rico, these areas or divisions are treated as county
equivalents. Independent cities are also treated as counties in the
assignment of county codes. Within SMSAs and SEAs, counties (or

their equivalents) are assigned numeric codes 1 through 9 in
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alphabetic sequence of name. Where more than nine counties are
included in an area, alphabetic characters beginning with A are used
following the numeric code entries. To avoid possible confusion with
the numerals one and zero, the letters L and O are not used (See Fig-
ure 3.15).

The four digit region/state/area/county coding structure is,
like the nine digit state/county/place codes, a common configuration.
The Interstate Commerce Commission's Waybill Statistics were coded
in a similar manner for many years and the Bureau of Public Roads
used such a code in processing a nationwide highway travel study.

The major advantage of an RSAC coding structure is the intermediate

level of aggregation called area which consists of county clusters.

3.2.2 Standard Location Areas (SLAs)

The next four digits of the National Location Code comprise the
SLA serial number which identifies an individual SLA within a county.
In counties tracted by the Bureau of the Census, each tract is estab-
lished as a separate SLA. Tracts lying both inside and outside of
cities with 50,000 people or more are treated as two tracts, and SLas
are established for each portion of the "split" tract. This proce-
dure guarantees that SLA and city boundaries will conform for cities
of 50,000 people or more.

In untracted cities of over 25,000 people for which ward data
are available, wards are used as separate SLAs., In cities of 25,000

or more inhabitants which are not divided into either tracts or wards,
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SLAs are defined as clusters of enumeration districts. The ED clustexs
average 5,000 residents each. Urban places of 2,500 to 25,000 people
outside of tracted areas are established as separate SLAs. Although
tracts, wards and urpan place; of 2,500 inhabitants are conside;ed
important enough to be treated as separate SLAs, thinly populated
minor civil divisions (MCDs) and census county divisions (CCDs) in un-
tracted rural areas are considered excessive detail and some consolida-
tion of these divisions is necessary. To hold the number of SLAs to
an acceptable figure (i.e., approximately 43,000), contiguous MCDs and
CCDs are grouped (providing their land area does not exceed 500 square
miles) to form SLAs with populations of not less than 2,000.

Serial numbers are assigned to SLAs sequenced in one of the fol-
lowing three ways: 1) SLAs in rural counties are placed in MCD and CCD
alphabetic sequence with SLAs for places of 2,500 to 25,000 inserted
in the sequence just after the MCD or CCD in which they are located;

2) SLAs in tracted counties are first grouped by places of over

50,000 residents, then by places of 25,000, and finally, by balance

of county. Within places and balance of county, SLAs are sequenced

by tract number; 3) SLAs in partially tracted counties are grouped
first by tracted area and then by untracted balance of county. Within
the tracted area, SLAs are sequenced by tract number. SLAs in the un-
tracted balance of county follow this sequence in MCD or CCD alphabeti-
cal sequence.

The four digit serial number used to identify SLAs is atually a

contraction of the five digit serial number used to identify the small
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areas included in the census tabulation programs. The first four digits
designate the SLA in which the small area is located. The fifth digit
or suffix identifies the small areas within an SLA. If a small area

is a complete SLA, the fifth position of the SLA serial number is zero
filled. 1If, on the other hand, an SLA is a grouping of two or more
small areas, the fifth position reflects in general the alphabetic

sequence of small areas within the SLA.

3.2.3 Geographic Coordinates

In 1960, the absolute geographical position of each SLA was identi-
fied by both geodetic (latitude and longitude) and Universal Transverse
Mercator (UTM) coordinates. Geodetic coordinate readings were to the
nearest second, and UTM coordinates were recorded to the nearest 100
meters. For each SLA, the coordinate readings represent the estimated
center of population or the approximate geographic center of the SLA.
However, as of the 1970 Census of Housing and Population, only lati-

tude and longitude coordinates will be designated to each SLA.

References:

U.S. Department of Commerce, Bureau of the Census. National Loca-
tion Code: OCP-OEP Region 2. FG-D-3 1/2. Prepared for the
Office of Civil Defense, Department of Defense, and the
National Resource Evaluation Center, Office of Emergency
Planning. Washington, D.C.: U.S. Government Printing Office,
1962.

Office of Emergency Preparedness. Geographic Codes for Region,
State, and County. ISG-111l. Washington, D.C.: Office of
Emergency Preparedness, 1971.
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3.3 DEPARTMENT OF DEFENSE

Because of the magnitude of its involvement in automatic data

“‘processing;=the~Department-of-Defense=(DOD)=has~generated~literally

thousands of data elements and codes for use in DOD information sys-
tems and also undertaken "an aggressive program to discipline the
data language and its related codes" so that any potential communi-
cation barrier between systems due to variable data vocabularies can
be avoided.1 The primary product of this Data Elements and Data Codes
Standardization Program is a manual containing all DOD standard data
elements and their related features, including data chains. This
manual provides a single, authoritative reference source for all of
DOD's information processing vocabulary and is used by all Department
of Defense components concerned with development, use and maintenance
of data systems.

Among the many codes maintained in the DOD Manual for Standard
Data Elements there are nine geographic and geopolitical coding sys-
tems along with a standard for expressing longitude and latitude to
the decisecond. In accordance with the procedures set forth in the
DOD data elements standardization proaram the Assigned Responsible

Agency (ARA) for these geographic codes is the Defense Intelligence

lU.S. Department of Defense, Office of the Assistant Secretary
of Defense (Comptroller), Department of Defense Manual £9£_Standard
Data Elements, 5000.12 M (Washington, D.C.: Assistant Secretary of
Defense, 1970), p. I. The Data Elements and Data Codes Standard-
ization Program is authorized by DOD Directive 5000.11, Decenmber 7,
1964 and under the responsibility of the Assistant Secretary of
Defense (Comptroller).
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Agency (DIA).l
The DOD manual contains coding systems for:
International Geopolitical Entities
- Countries of the World
- States/Provinces of Countries of the World
National Geopolitical Entities
- States of the United States
- Counties of the United States
- Standard Metropolitan Statistical Areas of the United States
- Congressional Districts of the United States
Geographic Entities
- Celestial Bodies of the Solar System
- Divisions of the World (Continents, Seas, and Oceans)
- Water Bodies of the World

- Latitude and Longitude (degrees, minutes, seconds,
milleseconds, deciseconds, and terréstrial hemisphere)

All of the DOD codes for national geopolitical entities contained
in the manual conform for FIPS standards. In DOD information systems,
states are identified by the two digit numeric codes published in
FIPS PUB 5; counties are identified by the three digit numeric code
published in FIPS PUB 6 and used in conjunction with the state codes
for unique identification; SMSAs are identified by the four digit
numeric code authorized by the Office of Management and Budget and
published in FIPS PUB 8; and, Congressional Districts are identified
by the combination four digit state/district code published in FIPS
PUB 9. The only variances from the FIPS standard are DOD's use of
a variable three or four character state abbreviation (as opposed to

the two character FIPS standard) and the use of a two digit alpha

lRefer to Appendix C, International Geocoding Systems, for a
description of the geocoding activities of the Defense Intelligence
Agency.
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numeric designation beginning Al through Zi for each representative
at large of a state.

In addition to the geographic and geopolitical codes contained
4m=the manual;=DOD~has~developed~a=Geographic=File=(GEOFLLE)=0of-Geo=
location (GEOLOC) codes for locations or places of military signifi-
cance. The places included in this file range from missile early
warning stations to water system.filter plants identified within data
systems of the Worldwide Military Command and Control Systems and
those other systems within the Department of Defense that use GEOLOC
codes. As it is explained in geolocation code request documents:

An attempt to prescribe a code to represent a
location/place raises the question as to what con-

stitutes a location/place. There are no generally

acceptable definitions available which can be relied

upon for guidance. Consequently. . . there is an

element of arbitrariness involved in determining

what is to be assigned a GEOLOC. This factor of

arbitrariness also applies to the determination of

what items are to be included in a list of author-

ized installation types.

The record layout for GEOFILE is illustrated in Figure 3.16.
Each record contains the following items:

GEOLOC. A four character alpha numeric entry which

represents the specified geographic location or

place of military significance. The geolocation

codes for water areas are four character combined

codes, @@ preceding two alphabetic characters.

GEONA. A maximum of 17 alpha characters which iden-
tify with a distinguishable and meaningful name the

lU.S. Department of Defense, Office of the Assistant Secretary

of Defense (Comptroller), "Specified Geolocation Code Request,” JCS
PUB 6, Volume II, Part 6, Chapter 5 (Washington, D.C.: Assistant
Secretary of Defense, 1972), p. 6-5-16.
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specifed geographic 1ocation.l

GEODE. A three character alphabetic entry which iden-
tifies the type of installation present at the loca-
tion represented by a GEOLOC. There are approximately
70 authorized installation codes.

CRTCD. A two character alpha numeric entry which
represents a country or water body of the world, or

a two digit number representing a state of the United
States.

CRTCD Name. A maximum of 5 alpha characters which pro-
vide a distinguishable and meaningful abbreviation of
a country, water body or state name.

LPRCO. A two character alpha numeric code designated
to meet the needs of the military logistics community.
This Logistics Planning and Reporting Code divides
the world into land areas and ocean areas.

POINT. The 15 digit alpha numeric characters which
indicate the intersecting lines of latitude and
longitude in seconds that determine the coordinate
point of a geographic location.

GEOPC. A three digit number which provides for the
coding of political subdivisions of countries of the
world (provinces or states) or a county of a state

in the United States (Currently this entry is required
only for locations in the Republic of Vietnam) .

GEOPC Name,., A maximum of 14 alpha characters which
identify with a distinguishable and meaningful name
the political subdivisions of countries of the world
or a county of a state of the United States (Also
currently required only for location in the Republic
of Vietnam.)

1The spelling for geolocation names are taken from one of the
following sources: Locations in the United States - The National
Atlas published by the Department of the Interior; locations outside
of the United States - listings of Official Standard Names by Country
coordinated and published by the Central Intelligence Agency (common-—
ly called the CIA gazetteer); and for airfields - DOD flight infor-
mation publications published by the Defense Mapping Agency.
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There are approximately 27,000 GEOLOC codes assigned throughout
the world. Unlike most other place or location codes, GEOLOC is not
hierarchically structured and therefore independent of any other state,
county, or province designations. Furthermore, the codes assigned
are completely nonsignificant, having no mnemonic implications or
sequence logic. Eliminating all the unacceptable four letter com-
binations ("dirty words"), GEOLOC can be used to uniquely identify
over 400,000 geographic locations in four characters as opposed to
the minimum of six digits required in most other place codes. This
shortest practical code concept has proved to be most cost effective
in meeting the total data requirements of DOD data systems.

In the near future DOD intends to develop a conversion and cross
reference file for GEOLOC and geographic location codes maintained
by the General Services Administration (GSA) . First the Air Force
"Cities of the World" file will be matched with the GEOLOC file and
all unmatched Air Force cities will be added. Then the GSA tape will
be matched on location name with the expanded GEOLOC file. Any loca-
tions in the GSA tape which do not match a GEOLOC will be assigned
a DOD four character code and added to the file. GEOLOC codes not
contained in the GSA file will be researched and assignment of a GSA
code will be requested for that location.

Although the DOD GEOFILE contains many codes for locations
designated simply as general geopolitical entities such as towns and
cities, the universe of locations included in this file is clearly

specialized with the overwhelming majority of GEOLOC codes identifying
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military installations ranging from ammunition storage depots to
navigational aids. Much like the city codes of the General Services
Administration (See Section 2.2), the relatively,large number of
GEOLOC assignments in the Republic of Vietnam (over 700 locations)
reflects the extent of this location specialization.

The GEOLOC and all the other geographic and geopolitical codes
in the DOD manual of standard data elements are used extensively in
most of the data systems within the DOD which require geographic

references.

References:

U.S. Department of Defense. Office of the Assistant Secretary
of Defense (Comptroller). Department of Defense Manual for
Standard Data Elements. 5000.12 M. Washington, D.C.: Assis-
tant Secretary of Defense, 1970.

U.S. Department of Defense. Office of the Assistant Secretary
of Defense (Comptroller). "Specified Geolocation Code
Request." JCS PUB 6, Volume I1II, Part 6, Chapter 5. Wash-
ington, D.C.: Assistant Secretary of Defense, 1972.
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3.4 WATERBORNE COMMERCE STATISTICS

The U. S. Army Corps of Engineers maintains a clearinghouse for
information on the flow of waterborne commerce called the Waterborne
Commerce Statistics Center in New Orleans, Louisiana. The center is
responsible for compiling, tabulating, printing and distributing
waterborne commerce statistics. In fulfilling these tasks, the
Corps of Engineers collects, codes and processes data recorded on
vessel operation reports. The data which are coded from these vessel
operation reports include: vessel identification, vessel type, flag,
port, dock, commodity, operator, service, alternative routes and
traffic. In this system, the geographic and descriptive codes are
completely integrated. Of all the codes used in compiling Waterborne
Commerce Statistics, only the vessel code, the port code, the dock
code, and the route code are geographic identifiers.

The vessel code consists of seven digits. The first two digits,
called the flag code, indicate United States or foreign registry.

If a vessel is registered in the United States, the flag code identi-
fies the district of registry. These districts are defined by the
by the U. S. Army Corps of Engineers (Figure 3.17). The remaining
five digits of the vessel code is the vessel registration number.
This is a number assigned to each vessel by the Waterborne Commerce
Statistics Center. It remains with the vessel until it is sunk,
abandoned, or sold foreign.

The port code is a five digit number. The first digit indicates
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District

Cede Code District
01-02 New England Division 28 Rock Island, Ill.
03 New York, N. Y. 29 St. Louis, Mo.
07 Philadelphia, Pa. 30 Memphis, Tenn.
08 San Juan, P. R. 31 Vicksburg, Miss.
09 Baltimore, Md. 32 New Orleans, La.
10 Washington, D. C. 33 Galveston, Tex.
11 Norfolk, Va. 34 Little Rock, Ark.
12 Wilmington, N. C. 35 Kansas City, Mo.
13 Charleston, S. C. 36 Seattle, Wash.
14 Savannah, Ga. 37 Portland, Ore.
15 Jacksonville, Fla. 38 Alaska
16 Mobile, Ala. 39 San Francisco, Cal.
17 Nashville, Tenn. 40 Sacramento, Cal.
18 Louisville, Ky. 41 Los Angeles, Cal.
19 Ohio River Division 42 Honolulu, Haw.
20 Huntington, W. Va. 43 Omaha, Neb.
21 Pittsburgh, Pa. 44 Walla Walla, Wash.
22 Buffalo, N. Y. 45 Tulsa, Okla.
23 Detroit, Mich. a7 U. S. Maritime Adm. Vessels
24 Duluth, Minn. 48 U. S. Defehse Craft
25 Milwaukee, Wis. 49 U. S. Vessels (temporary nos.)
26 Chicago, Ill. 50 Canadian
27 st. Paul, Minn. 60 Other Foreign

Source: U.S. Army Corps of Engineers

Figure 3.17 Waterborne Commerce Statistics District Codes
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major geographical areas of the United States; the second digit indi-
cates the district within the major area; the third, fourth and fifth
digits signify individual port, section within a port, waterway or
mile station.

The dock code consists of three digits which designate the dock,
wharf, or pier within a port. The first digit of the dock code indi-
cates tenths of a mile from a base point within the port, the second
digit identifies the wharf or dock at that point, and the third digit

consists of the following codes:

Code Location
1 right bank (downstream)
2 left bank (downstream)
3 right bank tributary
4 left bank tributary
5 island
6 lock, dam or bridge

Port and dock codes are assigned by either the base line, or the
mileage method. In the assignment of base line codes, the Great Lakes
and coasts are scaled off, and numbers progressively assigned to the
ports and localities in rough geographic order, beginning in the New
England Division (certain inland waterways have been assigned dock
codes according to the base line method, starting at 000 on the left
bank at the mouth and scaling up the left bank and down the right
bank to 999 on the right bank at the mouth). The mileage code is
assigned to a port or dock according to its location in miles above

a zero point which is usually the mouth of the river. This method
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is used in assigning codes to localities on most rivers and canals.
The two digit watexrway codes listed in Figure 3.18 are used to
identify certain waterways which are alternative routes available to
the vessel on_a voyage. The route used by the vessel and alternate
routes must be stated by the respondent on the vessel operations

reports.

References:

U.S. Department of the Army. Office of the Chief of Engineers.
"Reports and Statistics: Waterborne Commerce Statistics."
Regulation No. 335-2-1, ENGCW-OM. New Orleans, Louisiana:
U.S. Army Corps of Engineers, 1970.
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3.5 FEDERAL AVIATION ADMINISTRATION

A wide variety of operational codes are used in the National
Airspace System (NAS). They include codes for special procedures,
navigational aids, airspace elements, military routes, aircraft types,
aircraft companies, and several sets of location identifiers. These
codes, when assigned, are authorized for use on charts, flight infor-
mation publications, written records, NAS computers, and other com-
munication media. They comprise the vocabulary of a very specialized
language.

In view of the fact that the increasing use of codes in the
National Airspace System may result in duplication and serious opera-
tional problems in an automated environment, the Flight Services
Division of the Federal Aviation Administration (FAA) has developed
an overall, centrally controlled plan for all air traffic operational
codes. This plan provides a unique format for each type of require-
ment. Each series of codes in the plan has the capacity to provide
non-duplicating codes for many years and there are provisions for
reserving blocks of codes for future, but presently unknown require-
ments.

The implementation of this plan is especially important in the
assignment of location identifiers. The NAS computer program which
correlates radar data with flight plan and geographic information
and then generates the radar map display for the controller requires

that the geographic definitions of locations be refined to a much
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higher degree of accuracy than is possible by present manual means.
Also the use of such automated data processing systems has required
that a great number of additional locations be identified for the
internal use of the computer flight plan processing program. Thus
one of the major thrusts of the Flight Service Division plan is to
simplify flight plan filing and processing, minimize encoding and
decoding of data, and make the system of location identifiers more
efficient. To this end the Cartographic and Technical Standards
Branch of the Federal Aviation Administration has revised the coding
structure of certain location identifiers and is compiling an auto-
mated master file for the operational coding system.

A summary of the location identifiers maintained by FAA is pre-
sented in Figure 3.19. There are six major domestic codes, one
international code and a series of Canadian codes that are required
in air traffic service and related activities. A complete listing
of these location identifiers is compiled and updated three times a
year by the FAA.

The first code listed in Figure 3.19, a three character alpha
designation, is assigned to those airports, heliports and seaplane
bases in the United States on which there is established a manned
FAA air traffic control facility, an air terminal navigational aid
(NAVAID) within the airport boundaries, or which receive Department
of Defense airlift service or scheduled route air carrier service
directly into the airport. The three letter location identifier is

formulated based on the name of the location it is to represent, if
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LOCATION CODE

Major Airports LLL
Navigational Aids (NAVAIDS) LLL
Minor Airports LINN
Area Navigation Waypoints (RNAV) LLLLL

Intersection and Distance Measuring

N . LL
Equipment (DME) Fixes LLLLL
Computer Coordination Fixes NNNNN
International Civil Aviation Organization LLLL
(ICAO Identifiers)
Canadian Airports and Navigational Aids LL,LLL,
NL,INL,LLN

L = letter character N = number character

Source: Federal Aviation Administration

Figure 3.19 Location Identifiers Used in the National
Airspace System
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practicable. For example, Boston's Logan Airport is coded BOS and
the San Francisco International Airport is coded SFO. A code with
the initial letter of the location name is not always assignable,
however, because of the ever decreasing number of suitable codes
available. Choice of code is limited also by restrictions on the
use of the "K", "N", "Q", and "W" blocks of codes which have been
allocated for other purposes.

United States airports, heliports and seaplane bases not meeting
the requirements for an identifier in the three letter series are
assigned a code for minor airports provided they average at least two
general aviation inbound flight plans daily. Formerly, these minor
airport designators were a variable combination of two numbers and
a letter. However, they will be changed to a standard letter-letter-
number-number configuration.

Effective July 30, 1973 the area navigation waypoint designa-
tions for charted route waypoints were simplified. The existing two
letter, two number, one letter codes were replaced by five letter
pronouncable names. This provides a single five letter name that
serves as a computer code, the assigned identifier and the way point
name. The five letter name/code will also be expanded to include
several types of coordination fixes which are assigned primarily to
non compulsory reporting points. Computer coordination fixes will,
however, retain the five number designations assigned within the
block of numbers appropriate to the altitude.

The four letter international location identifier is established
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by the International Civil Aviation Organization and covers roughly
the same type of locations--airports, navigational aids, charted way-
points, etc.--as the domestic codes and designations of the FAA.

This _code is_employed in_all_international telecommunications.,

The Canadian location identifiers are variable two and three
digit alpha numeric combinations authorized by the Canadian Ministry
of Transport. These designations are used in all communications,
notices to airmen, and flight plans between facilities of the Federal
Aviation Administration and Canadian facilities.

Weather offices and stations in the United States may be assigned
codes in any of the series of location identifiers, depending upon
type or combination of station. Generally, however, weather service
stations in the United States are assigned three letter codes. Other
types of aviation weather reporting stations are listed with two let-
ter, two number identifiers.

In addition to the location identifiers for airports the FAA code
manual lists the code of the tie-in facility and control center.

The tie-in facility is the telecommunications facility that handles
flight plan messages for the listed airport. The identifier for the
Air Route Traffic Control Center of jurisdiction for each airport is

included to assist in routing instrument flight rules messages.

References:

U.S. Department of Transportation. Federal Aviation Administra-
tion. Air Traffic Service. "Air Traffic Operational Coding
System." Order 7350.2B. Washington, D.C.: Federal Aviation
Administration, U.S. Department of Transportation, 1974.
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U.S. Department of Transportation. Federal Aviation Administra-
tion. Air Traffic Service. Location Identifiers. Order

7350.4. Washington, D.C.: U.S. Government Printing Office,
January 1974.
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3.6 STANDARD POINT LOCATION CODE

The Standard Point Location Code (SPLC) is a geocoding system
desiéﬁed for frahépbrféfion éﬁrpoées which oriéihétea as aﬁjéint pro;
ject of the American Trucking Associations (ATA) and the Association
of American Railroads (AAR) in 1965. The initial code was compatible
for both the truck and rail industries, but over time the ATA version
and the AAR version of SPLC developed separately. Although both files
were maintained in accord with the general principles of the code,
the lack of a central controlling registry led to variations between
the universe of points coded. Conceptually, SPLC is based on a sys-
tem of nesting areal units. Starting at the top of this hierarchy,
the United States is divided into eight regions which are composed
of contiguous clusters of states. All of these regions are subdivided
into ten sections each of which may be a state or a portion of a state
(See Figure 3.20). Sections are subdivided into groups of contiguous
counties or county equivalents;l and these units are further subdivid-
ed into counties or county sections.

According to the SPLC coding logic: each region can accommodate
100,000 coded locations; each state or state section can accommodate
10,000 locations; and, each county or county section can accomodate

100 locations. Therefore, code assignment requires that each county

lthe term county equivalent applies to recognized political
entities equivalent to county subdivisions such as independent cities
of Maryland, Missouri, Nevada and Virginia, parishes in Louisiana and
Census divisions in Alaska.
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or county section be subdivided into as many smaller areal units as
necessary to accommodate 100 possible locations in each. As needed,
counties of less than 900 square miles or county sections of counties
which exceed 900 square miles are divided into nine parts not exceed-
iné a maximum of 100 square miles each. This level of areal unit
corresponds roughly with the existing minor civil divisions. In turn,
each of these units which do not exceed 100 square miles is parti-
tioned into smaller units not exceeding 10 square miles each, if nec-
essary.

The code assignment plan arranges each digit level by starting
at the northwest corner of the previous level area and progressing
east to west and north to south in ascending order (Figure 3.21).

The first digit of an SPLC code number identifies a region; the sec-
ond digit identifies a section of that region (state or portion of

a state); the third digit identifies a group of counties within that
section; the fourth digit identifies a county or county section with-
in that group of counties; the fifth digit identifies an areal unit
not exceeding 100 square miles within that county or county section
(roughly an MCD); and the sixth digit identifies a 10 square mile
unit.

In summary, the basic logic for the nesting geographical units
and code assignment of SPLC is as follows:

-first digit = region = clusters of contiguous states =
100,000 locations

-second digit = section = state or portion of state =
10,000 locations
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-third digit = county group = clusters of contiguous counties =
1,000 locations

-fourth digit - county/county section = a county or portion of
a county = 100 locations

-fifth digit = minor civil divisions = 100 square mile units =
‘10" Tocations ' o ) '

-sixth digit = portion of MCD = 10 square mile unit = 1 location.

The locations which are coded in the ATA version of SPLC are
truck carrier tariff points. These are defined as the area (approxi-
mately 19 square miles) within a radius of 2 1/2 miles from the cen-
ter point which may be a post office, city center, cross roads, etc.l
These locations are coded to the smallest areal unit of the SPLC geo-
graphic hierarchy (the 10 square mile unit) in which most of the
location is situated.

In practice, the actual configuration and assignment of standard
point location codes may vary substantially from the conceptual scheme
described above. For the coding of points within metropolitan areas,
for example, ATA has modified the SPLC structure as follows: major
cities are identified at the three or four digit level and places
within the city are coded by replacing the zeros following the three
or four digit level with a specific metropolitan code.

Examples:

New YOork, N.Y...cceeseosososecaceccssccscoccancnse 178000
Brooklyn, N.¥..eceeceroeenoeeneetsenascnseneses 178700

Greenpoint, Brooklyn, N.Y..e.eeceooocoesoeaoos 178721

lThese units are defined in the Interstate Commerce Commission
document Docket MC-37.
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The specific metropolitan code which is employed as the last two

or three digits of SPLC in the major cities depends upon the user.
Locations in the city of Los Angeles, for example, are coded to a '
utility rate zone or a 2IP code zone. If a place is coded to ZIP
areas, the fourth digit of the SPLC number will be zero (or the same
nunber for the entire city since the first of the last three ZIP

code digits is the same within a major city) and the fifth and sixth
digits will be the last two numbers of the ZIP code for the area in
which the place is located. If a place is coded to utility rate zone,

the last three digits of the SPLC number will be the three digit

rate zone code for the zone in which the place is located.

The ATA and AAR versions of SPLC differ in several important

features. Many of the locations included in the ATA files are of no
interest to the AAR and these have been deleted in the AAR version |
of SPLC. Conversely, there are locations important to the railroad
transportation system which are not coded in the ATA version of SPLC
and these have been added. The SPLC file utilized by AAR and printed
in the Freight Station Accounting Code Directory (FSAC) contains
roughly 60,000 locations in the United States, Canada and Mexico.
The SPLC directory developed by ATA and published by the National
Motor Freight Traffic Associations (NMFTA) contains approximately
110,000 locations in the United States and 15,000 locations in
Canada.

There is also a significant difference in the nature of the

locations coded in each file and the use of the two SPLC files. The
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locations or points coded in the AAR version consist of railroad sta-
tions, junctions, sidings or other rail facilities and the file is
not used for rating purposes. The locations coded in the ATA version
of SPLC are tariff points as described above.

160 manufacturers and 194 carriers who are concerned with coding
the geographic aspects of transportation systems have subscribed to
the ATA version of SPLC. Roughly 100 shippers and 350 carriers have
subscribed to the FASC/SPLC and there are approximately 3,000 copies
of this file in use. Of the subscribers who have adopted SPLC, a
few of these users have tailored this geocoding system somewhat to
suit their particular needs.

As a result of the confusion created by the existence of two
major, differing versions of SPLC, the National Motor Freight Traffic
Association proposed the creation of a single master file including
both versions of the SPLC. The master file would be updated and
errors or variations could be resolved. With the help of the U. S.
Department of Transportation and support from ATA and AAR this master
file has been developed (See Figure 3.22). The file is monitored by
a central registry and a 17 man SPLC policy council has been estab-
lished to deal with such issues as code structure changes, adjustments
to existing code designations, the maintenance of historical records,
the problem of code saturation, and the overall coordination of the

standard point location code.
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3.7 CENSUS OF TRANSPORTATION: PICADAD

PICADAD is a computerized system developed by the Transportation
Division of the Bureau of the Census for automating the geographic
aspects of intercity transport. It is designed primarily for tabu-
lations and analyses of movement or spatial relationships between
two or more places in the United States. This includes shipments
from plant to market, location of distribution points with respect
to production and market areas, length of haul, origins and destina-
tions of passenger travel, etc. PICADAD also provides an efficient
method for coding and programming tabulations for states, counties
and other geopolitical areas. PI stands for Place Identification.
CA stands for the Characteristics and Area of the place identified.
And, DAD stands for the computer Distance and Direction.

PICADAD was initially developed for use in small scale surveys,
because customary mileage block and other standard geographic coding
systems were prohibitively expensive and too slow for tabulations
and analyses involving travel or traffic flows. In 1963 the system
was programmed for large computers in order to tabulate over one
million shipping records that were input for the first Census of
Transportation.

There are three basic elements within the PICADAD system.

These are: the PICADAD place file, the key point reference file, and
the complex of computer programs which performs the tabulations and

distance calculations. The place file is a listing of all places
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included in the PICADAD system. Places located in the 48 conterminous
states and the District of Columbia are arranged in nominal alphabetic
sequence by states in alphabetic order.l Each of the 37,000 places in
this file is associated with one of the 5,700 key points listed in

the key point reference file. While the place file may be expanded
indefinitely the universe of key points is fixed.2

In addition to a key point serial number, each place in the PICADAD

place file is identified by the following additional geographic desig-
nators (See Figure 3.23):

- The Federal Information Processing Standard for state (both
alpha and numeric), county, and SMSA codes as published in
FIPSPUB five, six and eight (See Section 2.1).

- The 1960 Census codes for divisions, states and counties; and
the three digit Census version of the FIPS SMSA codes used in

the 1972 economic censuses (See Section 3.1).

- The name of each place up to twenty characters long and a six
digit state name abbreviation.

- The two digit freight rate territory code established by the
Interstate Commerce Commission (See Section 4.8).

- The three digit economic area code established by the Bureau of
Economic Analysis (formerly the Office of Business Economics,
OBE) . (See Section 4.5).

- The three digit transportation zone code which is employed in
the national transportation networks of the U.S. Department
of Transportation (See Section 3.9).

lplaska and Hawaii lie beyond the limits of the plane surface
used for arithmetic coordinates, and are treated by a subroutine
when needed in specific analysis.

2The Census programs for transportation statistics so far have
not required a more detailed identification of places and therefore
the universe of key points has remained constant. However, if each
place required unique identification, this could be done readily by
adding digits to the key point code. The use of subcodes would
identify each place without forcing any change in the other parts of
the system.
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- A two digit production area code and a two digit market area
code developed for the PICADAD system by the Transportation
Division of the Bureau of the Census.

- Four digit north-south plane coordinates and four digit east-
West.planewcoordinates.for.the.approximate-.geographic..center.
of each place employed as a key point.

Production area and market area codes are the only geographic
identifiers unique to the PICADAD system. Production areas consist
of a single SMSA or cluster of SMSAs selected to represent relatively
compact concentrations of manufacturing activities. Market areas con-
sist of a single SMSA or cluster of SMSAs which represent areas of
concentrated marketing activities. These units are employed in oxder
to geographically reference commodity movements without disclosing
the activities of any single company or individual. There are 27
designated production areas (coded 01 through 27) and 23 market areas
(coded 31 through 55). If a place is not located within a production
area it is identified as either "in an SMSA but not in a production
area" or "not in an SMSA." Similarly places not located in a market
area are identified as "in an SMSA but not in a market area” or "not
in an SMSA." (See Figure 3.24).

The second element of this system, PICADAD's key point reference
file, contains a fixed set of about 5,700 "key points" selected to
represent all places in the place file (See Figure 3.25). The prime
reason for creating a fixed set of key points is to gain the benefits
of "canned" computer routines, and still retain the ability to intro-

duce new places into the place file whenever needed for coding or

place identification purposes. Key points are selected from the

134



uorjelaodsuei] Jo snsua) /6T 2yl 107

Se91y 319)IB} pUB UOFIONpoid %' 2InBTg

UOTSTATQ UoTjelxodsueil ‘sSnsus) ay3z JO neaang :90Inosg

BOZE 93IBW B UT 30U 3Ing ¥YSWS ue url
YSWS ue UT 30N
eaze uoTzonpoird ® UT 30U I0Q YSWS Ue Ul

suoTjeubTsag TeuoTl TPPY

obatg ueg

pISoTIsaayeg ‘ousexd

uo33o03s ‘ojusuweades

(uobaxp) puerixod

uosong ‘XTusoud

uopbp ‘Wwaxp-oA0Ig ‘93eT ITeS

urysny ‘oTuojuy ues

esTng ‘431D ewoye O

UToouTII ‘eyeup

SURSTIO MIN

eTooESUag ‘STTION

bangsaezed -3s-eduel

esoofeosny ‘ueybutwITd

yoeog wred 3SaM ‘TWRTW ‘POOMATTOH-TepPISpnel 3I04
eTqUNTOD ‘e3snbny

sTydwan

STTTAYSEN

STTTASTNOT

s3ybToy uoboysny-ucboysny ‘sprdey pueid
(OTYO) snquMTOD

yanowsiIod-YToFaIoN ‘uojdurep-smeN JxodmeN
*D°a ‘uojbutysepm

uojureybuTg ‘UO}STZEH-SIIRH-SOYTTM ‘uUuojuerdg

pPSpPNTOUI SVYSHS

SS9
4]
£S
Zs
1S
0s
(34
8%
14
Sy
144
134
(47
1574
ov
6€
8¢
LE
S€
veE
1%
ce
1€

2poD

eyadog, ‘ydesor °3s ‘A3TO sesury
uosxspuy ‘aTouny ‘strodeueTpul
OTARIUQ-OUTPIRUIDY UBRS-SPTISIIATY ‘SA0ID USPIRD
—euy BljuURS-UTaYeuy ‘yoesd buol-soisbuy sog
ssop uesg ‘eden-ofsTTea ‘pueleQ-0Od0sSToueid uesg
vUIOOR], ‘339a9AH-9T313EBOS
xaauag
A TD SsexaL-uolsaared
‘9bueI0-INYIIY JI0d-juocumesdg ‘Uo3}SNOH
y3IoM 3x0d ‘serred
BjURTIV
STNOT °3§
Tned °3s-sTtrodesuutiy
sutoeyd ‘eysous) ‘933NEMTTH
obeoTy) 3Isem-pucumrey-AieH ‘obesTyd
p1aTFbutads
fuMO1OTPP TW-UO3ITTWeH ‘uocijAeq ‘TIRUUTDOUTD
I0qaIy uuy ‘OpaTol ‘IuTTd ‘3TOox3ed
burTosym ‘uojaTem-olITAULN®LS ‘UbINgs33zTd
oTxd ‘usxxem-umoisbunox
‘eTIATI-ouTEIOT ‘UOjuUER) ‘UOIAY ‘PUBTDASTD
z93s9yooy ‘oreiing
Koxg-Apeiosusyos-Aueqry ‘swoy-eoTin ‘esnoexisg
JI0x ‘xo3seoue] ‘HingsTIIeH
buTpesy ‘uolSeT-WOUSTUIag-UMOJUSTTY
SIoWTITERH
uojuaxl, ‘uolbuTwiIM ‘eTydrepeITud
Aunop 3esaswos ‘Ajunc) X9SOTPPTR
‘pTesseg-uoljTTD-uosasjed ‘A3TD KLesxsr ‘remeN
JI0X MON
ayoATog-oadoo Ty -pToTFbutads
iparoguels ‘yTemioN ‘3aodebpTad ‘USAPH MON
‘fangrajeM ‘uspTIeW ‘uTelTig MSN ‘pIoj3lArH
TToMOT ‘TTTUISARH-O9OUDIMET] ‘uo3lzooid
1193ONIMEJ ~OTMIBM-OOUSPTAOId ‘ID]3S9DI0N ‘uojsog

popnidul SYSWS

LT
9z

14
ve
1 X4
(44

1ic
014
61
8T
LT
9T
ST

vl
€T
¢t

[To Vol ol o B o ) I o I
~ —

<

°pod

SYHIV LIV

SYHMIY NOILONACdd

135



sjurod £9) AVAVOId 6Z°€ 2an8tg

UOTSTATQ uoTjejxodsuedl ‘sSnsus) syil JO nesing :90INOS

136



total universe of places on the following basis:

- One key point, generally the county seat, was selected in each
county;

- Additional key points were selected in counties having large
ground areas. The cbjective is to hold the maximum distance
between each pair of points to not more than 50 miles, except
in sparsely populated areas;

- To assure reliable measurement of distances between all major
cities in the United States, each city or town with a popula-
tion of 5,000 or more in the 1960 Census was included in the
key point file without regard to its geographic relationship
to other nearby places.

All other places contained in the place file are "keyed" to the
nearest key point location by the PI four digit serial number. Key
point serial numbers were originally assigned in an ordered fashion
which distinguished the low number SMSAs from the high number non-
SMSA places, however, expansion of the file has made it impossible
to maintain this systematic assignment of numbers. The PICADAD key
point code is therefore a semi-random serial number. Coordinates of
longitude and latitude were assigned to the key points in one of two
ways. Those key points which appear in C. A. Whitten's table of
plane coordinates for selected places were assigned the longitude and
latitude recorded in that listing.1 This table covered approximately
10 percent of the key points. The key points which did not appear

in C. A. Whitten's table were assigned coordinates scaled from a

Rand McNally Atlas and mathematically converted to plane coordinates

lc, a. Whitten, Air Line Distances Between Cities in the United
States, Special Publication No. 238 (Washington, D.C.: U.S. Coast and
Geodetic Survey, 1947). pp. 238-241.
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within the same axes as established by C. A. Whitten. The north-south
coordinates range from slightly more than zero at the southern tip

of the United States to about 2,000 at the northern boundary. To

avoid ﬁoééible.éiérical.of progrémming-;¥ro;§; fhé east-wesf.ééordi-
nates were set in a higher range--from about 3,000 at the east coast
to 7,000 on the Pacific coast.

The straight-line (air-line or great circle distances) mileage
between any two key points is calculated as the hypotenuse of the
right triangle formed by the coordinates of those key points. Spe-

cifically, the computations are:

North Coordinates West Coordinates

From New YOXK..ceceosooooons 1,298 3,862
To ChicagOeeeccessoosasnsans 1,256 4,570

Legs of the triangle... +42 -708
Computed miles 5 5

(i.e., hypotenuse) (42) + (708)

503,028
709 miles

A more accurate measurement of the straight-line mileage is 713 miles.
The 4 mile difference is caused by simplifying the PICADAD computa-
tions to merely the square root of the sums of the squares of the

two legs of the triangle, without making adjustments for the extent
to which the Lambert projection fails to achieve a perfect plane.

The computational error for any given pair of points is a maximum

* 25 miles. 1In high density traffic belts, the error is trivial and

138



reaches maximum only at the fringes where little traffic moves. Ad-
justments can be prograrmed in the computer, but the improvement in
accuracy is not considered to be worth the added cost and increased
machine time for statistical tabulations.

Although none of the census studies has involved the computation
of direction of flow, this directional aspect can be programmed on
the basis of signs of the differences between two coordinates. In
addition to the computation of distances between two specific key
points, the longitude and latitude readings associated with each key
point in the file permits the structuring of key points in grid order.
By pairing the digits of the north-south and east-west coordinate
numbers, the key points can be grouped into grid zones. In this man-
ner, key points may be identified strictly according to geographic
proximity as well as parts of various, larger geopolitical units

(See Figure 3.26).
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State County Coorginate Cooranate Grid Place
16 003 1365 3832 13 38 63 52 Watertown, Conn.
16 003 1365 3839 13 38 63 59 Washington, Conn.
21 014 1361 3874 13 38 67 14 Arlington, N. Y.
21 014 1362 3875 13 38 67 25 Poughkeepsie, N. Y.
21 014 1363 3874 13 38 67 34 Fairview, N. Y.
21 014 1366 3871 13 38 67 61 Pleasant Valley, N. Y.
16 002 1375 3818 13 38 71 58 New Britain, Conn.
16 002 1379 3812 13 38 71 92 Nethersfield, Conn.
16 002 1370 3823 13 38 72 03 Southington, Conn.
16 002 1372 3826 13 38 72 26 Bristol, Conn.
16 002 1375 3822 13 38 72 52 Plainville, Conn.
16 003 1378 3840 13 38 74 80 Torrington, Conn.
21 056 1376 3882 13 38 78 62 Kingston, N. Y.
16 002 1386 3866 13 38 80 66 Manchester, Conn.
16 002 1380 3818 13 38 81 08 Newington, Conn.
16 002 1382 3818 13 38 81 28 West Hartford, Conn.
16 002 1383 3814 13 38 81 34 Hartford, Conn.
16 002 1384 3812 13 38 81 42 East Hartford, Conn.
16 003 1388 3836 13 38 83 86 Winsted, Conn.

Source: Bureau of the Census, Transportation Division

Figure 3.26 PICADAD Place File in Grid Order
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3.8 FEDERAL HIGHWAY ADMINISTRATION

In the early 1960's the Federal Highway Administration (FHWA)
initiated the development of an ambitious nationwide highway travel
model to simulate the flow and volume of highway traffic in the conti-
nental United States.l oOne of the most important prerequisites for
the implementation of this model and for the realistic determination
of national travel patterns is a network which adequately describes
at a relatively fine grained geographic level the spatial relation-
ships involved. Over several years the FHWA developed such a spider-
web network for the nationwide highway travel project and established
a large geographic reference file in support of the model.

Counties are the smallest unit of area to which nationwide trip
origins and destinations are assigned in the FHWA spiderweb network.
From past experience, it was concluded that any units larger than
counties would not produce meaningful results. Furthermore, a con-
siderable amount of information necessary to the model are readily
available by counties from the Bureau of the Census and other agencies.
The network is constructed with a node at the center of population of

each county and each county centroid is connected by link segments

lthe nationwide highway travel model was actually initiated
under the auspices of the Bureau of Public Roads, U. S. Department of
Commerce. In 1967 when the Department of Transportation was estab-
lished, the Bureau of Public Roads was reorganized as the Federal
Highway Administration and the FHWA continued work on the nationwide
highway travel project. To avoid confusion only the current designa-
tion for this agency is used in this section.
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to nodes in eight surrounding counties. Due to the variation in size,
shape, and location of the individual counties, it is not always pos-
sible to connect each county with exactly eight other counties. In
911 Gases it iIETEcgssary—to—accomodate-more-than-8 links=from=ca
county. This is accomplished by inserting an additional "dummy" node
at these locations which is connected to the county centroid with a
link of zero distance. In other cases, particularly around the bor-
der of the continental United States, there is no need for eight con-
nectors. In total, the network consists of 3,076 county centroids
with an additional 211 dummy nodes connected by a system of 11,487
two way links. Thus, on the average, each node has almost exactly

7 links (6.99) per node (See Figure 3.27).

The network is 440,600 miles long as compared to the federal aid
primary system of 242,000 miles. The state primary system of 460,000
miles, and the total federal aid system of 850,000 miles. It is
slightly more direct between major cities than the existing system --
on the average it is about 13 percent less than the mileage between
cities shown in the Rand McNally atlas.

The geographic reference file developed by FHWA in support of
this network model was dubbed the ZIMDECK. The file contains a na-
tionwide listing of counties associated with four different county
codes, coordinate information for the approximated population center
of each county, the county area in square miles, the population of
each county and the number of vehicles registered within each county

(See Figure 3.28). Both the five digit state/county code maintained
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by McGraw Hill (currently obsolete) and the five digit IBM state/county
code (See Section 2.3) are included on the file to facilitate cross
referencing the FHWA file with files outside the administration.

There is also a four digit FHWA county sequence serial number assigned
to each county in the orxder in which counties are listed in the ZIMDECK
and another FHWA code known as the geographic code which is assigned

to each county by contiguous county groups within states, within state
group regions. This last code was devised by FHWA in order to provide
an indication of geographic relationship among counties rather than

the alphabetic sequence reflected by the assignment of both the McGraw
Hill and IBM state/county codes. The FHWA geographic county codes
permit data aggregation by county clusters within state and by regional
clusters of states.

The latitude and longitude of the approximated population center
in each county are listed with one decimal point implied (it is neceg-
sary to add 600 to longitude values listed in ZIMDECK) and plane X-Y
coordinates to hundredths of miles are also listed for the population
center. The population and vehicle registration figures are expres-
sed in hundreds and based on 1960 data.

Using the distance along each link in the FHWA spiderweb net-
work as the primary measure of spatial separation, assuming the trip
generating values observed in Washington, D.C. and assuming that the
attraction of an area is proportional to the population of the area
with some adjustments for social and recreational trips, the FHWA

developed trip equations to determine the number of trips from one
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one county to another. The vehicle trips from each county to all
other counties were computed and loaded on the nationwide spider-
web for the first study completed in December of 1965.

It was found that in general tiieé model counts=are }owr——Thig=is
illustrated by the fact that the counts and assignments agree within
10 percent in 12 states; the assignment is more than 10 percent high
in three states, but more than 10 percent low in 33 states. The fol-
lowing conclusions concerning national highway travel patterns were
drawn from the first study employing the FHWA network model:

—vehicle ownership must be one of the most important factors
in trip generation. Trips in the New York City - New Jersey
area were overestimated by more than 3 1/2 times. Approxi-
mately 80 percent of the families in Manhattan own no vehicle
which is four times the national average at 20 percent.

-population appears to be a reasonable indicator of trip
attractions except for recreational travel where it is sig-
nificantly deficient. Receipts for hotels and motels seem
to provide better correlation but probably measure an effect
rather than a cause.

-trips between two areas, the centers of which are 20 miles
apart, will contain a preponderance of trips less than 20
miles long. The basic trip generation rate should there-
fore be increased.

—the distance function for the attenuation of trips less
than 20 miles long appears to be more complex than distance
raised to a constant power.

—travel in large areas such as the nation appear to follow
definable principles better than in smaller urban areas
probably because the mixture of activities in a zone is
more homogeneous.

In the late 1960's further refinements were made to the model

and techniques had been developed in plotting networks and trees and

inserting numbers on each link denoting volume. Since the volumes
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on the nationwide network vary from 1 vehicle to 1.5 million vehicles,
varying the width of the lines plotted according to volume would pro-
duce an indiscernable pattern. Therefore the volumes were stratified
roughly by type of facility and plotted in different colors. Volumes
above 25,000 were assumed to require more than 4 lane divided high-
ways; 4,000 to 25,000 were assumed to require a high type 2 lane high-
way; 400 to 1,000 an intermediate type facility and less than 400 a
low type facility. The link width within each volume group then re-
flected the proportion of the load within the limits of the group.
Also in connection with the nationwide highway travel project
the boundaries of all counties in the geographic reference file were
digitized and FHWA developed an automated county mapping capability.
Although the FHWA nationwide highway network was used in several
subsequent studies, eventually it was decided that assignments of
origins and destinations to single county zones provided an unneces-
sarily large network with too fine a geographic grain. Therefore
the single county zones were aggregated into 533 county cluster zones
and the networks reduced from 440,000 route miles to 110,000 route
miles which includes all interstate highways and principal arterials
as defined in the FHWA's functional classification manual (See Section

3.9).

References:

Brokke, Glen E. "Nationwide Highway Travel." A paper prepared
for the Western Association of State Highway Officials
Highway Planning Conference, June 9, 1966, Santa Fe, New
Mexico. Washington, D.C.: Bureau of Public Raods, U.S.
Department of Commerce, 1966.
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3.9 NATIONAL TRANSPORTATION NETWORKS

The Office of Systems Analysis and Information (OSATL), U.S.
Department of Transportation has developed five modal networks which
are geocoded to a single, nationwide system of transportation zones.
Each of these networks--highway, rail, watexway, air, and pipeline—-
is topologically described as a set of nodes (intersections) and links
or segments (lines directly connecting two nodes) representing the
configuration of major transportation routes in the United States.l
Every possible combination of two nodes and the link directly con-
necting them is identified, located and characterized by a series of
codes. The networks and the codes which characterize each link vary
from mode to mode, but all five systems are associated with a single

set of geographic units called transportation zones.

Transportation Zones. There are 533 OSAI transportation zones which

provide a degree of geographic detail suitable for transportation
analyses on a national scale. Each standard metropolitan statistical
area (SMSA) in the fifty United States constitutes a transportation
zone. The remaining area is divided into groups of contiguous counties

each of which constitutes a non SMSA transportation zone. In addition

lthe OSAI networks are structured on the Urban Planning System
360 program battery. For a complete description of this system refer
to: Urban Transportation Planning: General Information ggg_lntroduction
Eg_sttem/ééQ: U.S. Department of Transportation, Federal Highway
Administration, June, 1970.
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the twenty United States ports ranking highest in foreign trade are
designated as separate zones. Zone numbers 001 through 490 are assign-
ed to the transportation zones of the continental United States rang-
ing from the Northeast to the Southwest and numbers 514 through 533
are assigned to the twenty ports. The intervening numbers are assigned
to outlying connections or dummy links depending upon the mode of
transportation for which the network is designed (See Figure 3.29).
Within each of the transportation zones a centroid is designated at
either the approximate geographic center of the zone or at the activity/
population center of the zone.

Each of the modal networks is superimposed on this system of
transportation zones. All of the links within a zone are connected to
the centroid of that zone and all of the nodes within a zone are associ-

ated with that zone number.

Highway Network. As a direct descendant of the FHWA nationwide high-

way travel network which was initiated in the early 1960's by the
Bureau of Public Roads (See Section 3.8), the OSAI highway network is
the oldest and most fully developed of the five transportation net-
works. It consists of 110,000 route miles, which include all inter-
state highways and principal arterials as defined in the Federal
Highway Administration's functional classification manual. There are
approximately 2,500 nodes numbered sequentially beginning at 600 (the
numbering starts at 600 in order to avoid confusion and readily dis-

tinguish node numbers from centroid numbers). In addition to the
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distance, the time or speed, the turn penalty code and the transpor-
tation zone code which are associated with every link in the network,
each 1link is associated with a two digit state code which is assigned
to the continental states in alphabetic sequence, a two digit geograph-
ic unit code ranging from 1 to 78 which is assigned to states or state
sections of homogeneous topography, and a one digit terrain code which
is assigned in conjunction with these geographic unit designations
indicating 1) level terrain, 2) rolling terrain or 3) mountainous ter-
rain. There is also a one digit physical type code (1-5) which indi-
cates the number of divided or undivided lanes running along the link.
And, finally, each node is assigned a set of plane coordinates which
were digitized from an Albert's Equal Area map projection. All of
this information is recorded as the traffic assignment node-link data
for the system/360 highway network (See Figure 3.30).

The OASI highway network has been employed in modelling various
motor vehicle flow studies. Most recently it was used to test the
effect of approximately 13,000 additional miles of proposed highways
on the overall flow of highway traffic in the United States. This
project was undertaken in conjunction with the 1972 and 1973 national

highway acts.

Rail Network, The OSAI rail network consists of the principal class
1 railroads in the United States as designated by the Interstate
Commerce Commission. There are approximately 2,600 nodes numbered

sequentially beginning at 600. The traffic assignment node-link data
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recorded for this network include the standard items for each link
in the OSAI transportation networks--distance, time or speed, trans-
portation zone number--and the following additional information:

1) a two digit division/state code which was devised by the Bureau
of the Census (See Section 2.1); 2) a one digit link type code which
indicates whether the railroad track is a main branch line; 3) a two
digit alphabetic abbreviation of the name cf the railroad company in
control of the tracks; 4) the number of tracks; and 5) a one digit
code indicating which of the three types of signal systems is in
operation along the link. On this system it is possible to code items
3 through 5 for a maximum of four railroad lines running on the same

link. Although both the OSAI rail network and the OSAT highway net~

work have been digitized the plane coordinates assigned to the two net-

works are not compatible.

Until recently the rail network had not been employed in any
major transportation analysis. However, in accordance with section
204 of the Regional Rail Reorganization Act of 1973 (P.L. 93 - 236)
the Federal Rail Administration initiated a research project concern-
ing the restructuring and reorganization of the railroad system in
the Midwest and Northeast regions of the United States. In this
study this OSAI rail network was used in the determination of recom-
mendations for the improvement of transportation service and the

financial viability of the railroad companies involved.l

1y.s. Department of Transportation, Rail Service in the Midwest
and Northeast Region, Volumes 1 and 2 (Washington, D.C.: U.S. Depart-
ment of Transportation, February 1974).
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Waterway Network. All of the inland waterways (including the Great

Lakes-St. Lawrence Seaway system) and major coastal routes in the

United States are described in the OSAI waterway network. There are

approximately 1,800 nodes in this system, and they are numbered sequen-—
tially beginning at 600. In addition to the distance, time or speed,
and transportation zone codes each link is characterized by the fol-
lowing designations: 1) a one digit link type code ranging from 1 to

5 which indicates whether the waterway link is greater than 9 feet
deep, less than 9 feet deep, an ocean or deep water route, a centroid
connection, or a dummy connection; 2) the number of locks operating
along the warexway link; 3) a two digit code ranging from 1 to 44
which indicates the size of the locks; 4) a two digit code assigned
by the Water Resources Council which locates the link within one of
the 20 water resource regions (See Section 4.2); and 5) a two digit
waterway code ranging from 0l to 55 which identifies the specific
river, canal, harbor or bay on which the link is located. This water-
way network has not been digitized and has not been used in other than

the original OSAI study for which it was created.

Air and Pipeline Networks. The OSAI air network and pipline networks

have never been fully developed due to practical difficulties. Al-
though two pipeline networks were developed (one for crude and the
other for refined petroleum products) these are relatively unrealis-
tic configurations because real pipeline networks consist of many

disconnected independent lines. In the OSAI pipeline network these
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independent lines are linked together due to the continuity require-
ments of traffic assignment type networks. A true air network was
never developed for OSAI because time and budget limitations pre-
cluded development of a network consisting of more than zone to zone

air distance and shipment data.

References:

U.S. Department of Transportation, Federal Highway Administration.
Urban Transportation Planning: General Information and Intro-
duction to System/360. Washington, D.C.: Federal Highway
Administration, U.S. Department of Transportation, June, 1970.

Fajnor, John P. International Business Machines Corporation,
Gaithersburg, Maryland. Conversations and correspondence,
1974.
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3.10 FEDERAL RAILROAD ADMINISTRATION

Because of the extreme financial difficulties that have plagued
passenger rail service and rail freight service particularly in the
Northgast—and Midwest; tlie f&deral government has been directing a
restructuring of rail transportation in the United States over the
past five years.l The establishment of the National Railroad Passenger
Corporation in 1970 and the subsequent initiation of Amtrak service
constituted the first major changes. Passage of the Regional Rail Re-
organization Act in 1973 and the creation of the United States Railway
Association are further developments in this direction. The Federal
Railroad Administration (FRA) whose general function is to consolidate
government support of rail transportation activity in the United
States along with Amtrak and the U. S. Railway Association has become
involved in various aspects of the rail reorganization programs. FRA
is responsible for providing a unified and unifying national policy for
rail transportation, conducting research and development programs in
support of improved rail transportation and analyzing the future re-
quirements for rail and ground transportation in the United States.

Two of the geographically referenced information systems main-

tained by the FRA in support of rail reorganization analyses and the

lWhile not all individual railroad companies suffered major econo-
mic difficulties during the 50's and 60's the railroad industry has, in
general, declined and in several cases, most notably the Penn Central,
gone bankrupt. Refer to U. S. Congress, Senate, Failing Railroads,
Hearings before the Senate Committee on Commerce on S.4011, S. 4014,
and S. 4016, 91st Congress, 2nd Session, 1970 or U. S. Congress. Senate,
Railroad Industry Overview 1971, Hearings before the Subcommittee on
Surface Transportation, Senate Committee on Commerce, 92nd Congress, lst
Session, 1971.
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improvement of rail service are the passenger rail ridership file for
trains operated by Amtrak throughout the country and the rail network

developed for the Midwest and Northeast region of the United States.

3.10.1 Passenger Rail Ridership Files

Railroad station codes for stations serving passenger traffic
were developed for use in two information systems, one maintained by
FRA and the other by Amtrak. Both systems are designed for the col-
lection and analysis of ridership data on trains operated by Amtrak.
The input data for these systems are passenger counts recorded by
passenger train conductors and crewmen on a daily basis by route.

This data is published in monthly aggregates by the FRA.

Since the data are entered directly onto input forms for machine
processing, coded station names are necessary for data reduction. At
the same time, however, meaningful codes are desirable to facilitate
memorizing the codes and to reduce errors. Therefore, alphabetic
codes, composed of letters selected from the station names themselves
were deemed most practical (See Figure 3.31). Other existing coding
systems were considered, but none were found appropriate. For example,
although a Standard Point Location Code (SPLC, See Section 3.6) exists
for each geographic location served by Amtrak, SPLC has two major dis-
advantages for this particular purpose in that it is numeric and thus
difficult to remember, and it is larger (six digits) than necessary to

provide unique identification for passenger railroad stations.
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The passenger station codes are currently in use on the ridership
files of Amtrak and FRA including the fully automated metroliner segment
of the information system. These codes have also been submitted to
the U. S. Department of Transportation Data Standardization Group for

approval as an official DOT data standard.

3.10.2 Regional Rail Network

In accordance with the Regional Rail Reorganization Act of 1973,
the Federal Railroad Administration sponsored a study and report to the
Secretary of Transportation on the railroad industry in the Northeast
and Midwest United States. The Act specified that this report contain
" . . conclusions and recommendations with respect to the geographic
zones within the region in and between which rail service should be
provided . . .“1 This zone approach was intended to facilitate the
analysis of the region's rail requirements in four ways:

- It permits the analysis of an area which is small
enough to allow the inclusion of a substantial amount
of detail and the identification of each traffic gen-
erating point.

- It emphasizes local rail service requirements by ex-
cluding the need to consider traffic which now flows
through the zone on mainlines but which may not con-
tinue to be routed through the zone in the future. If
the points in a zone generate sufficient traffic to
justify local rail service, that service will continue
regardless of the ultimate configuration of the main-
lines which carry traffic through the area.

lU. S. Department of Transportation, Rail Service in the Midwest

and Northeast Region, A Report by the Secretary of Transportation,
Washington, D. C.: U. S. Government Printing Office, 1974, p. 17.
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- It maintains a neutral position with respect to the
present railroad corporate structures and their rela-
ted track networks. The zone approach emphasizes
the area's basic demand for rail service--where the
traffic originates or terminates--and defines alter-
natives that.allow.the-rail-system—(not=specific-com
panies) to meet that demand as efficiently as possible.

- It facilitates the grouping of traffic generated in
the zone in order to evaluate the requirements of the
mainline rail network.

The zones delineated by FRA for this study are based on the trans-
portation zones established by the Office of Systems Analysis and In-
formation (OSAI, See Section 3.9) and updated to 1970 Standard Metro-
politan Statistical Area (SMSA) configurations. The region was divided
into a total of 184 zones as illustrated in Figure 3,32. The zones
were created in two steps. First, the SMSAs were used as the basis for
delineating the initial set of zones. Second, those areas of the
region outside of SMSAs were aggregated into groupings of contiguous
counties (townships in the New England States) with similar socioeconom—
ic characteristics based on the earlier OSAI zone definitions. The
resulting 184 zones include St. Louis and Louisville, which are in
states contiguous with the states specified in the Act as constituting
the region. With these two exceptions, the 184 zones do not include
any zones in states contiguous with those specified states.

Of the 184 zones, 21 do not contain facilities or operations of
bankrupt carriers. These zones are on the periphery of the region
and include two zones in the Upper Peninsula of Michigan, six zones in

northern and western Illinois, one zone in West Virginia, nine zones

across southern Virginia and the three most northerly zones in Maine.
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Following the identification of the zones, information was gathered
for each zone with regard to major highways, rail lines and their char-
acteristics (e.g. number of tracks, type of signal system, traffic
density,..etc.).,—and.railroad-traffic-genexrating POiNtgs==Thisg=informa-
tion is needed for an understanding of each zone's overall transporta-
tion system, the capacity of its rail network and the sources of rail
freight traffic.

Traffic data for 1972 originations and terminations were then
obtained from Class I railroads operating in the region. After these
data were sorted by zone, they represented a comprehensive information
base as to traffic, station loadings and the commodities involved.

Using this traffic data and rail facility information for each
zone, the analysis was conducted on two levels with a continuous
iterative process between the two. First, adjacent zones were analyzed
on a statewide basis to determine connecting traffic flows between ad-
jacent zones and to points outside the region. Next, zone traffic
was aggregated to give a first cut at determining the major traffic
generating centers which would support high volume, mainline inter-
state traffic in the region. The possible mainline routes connecting
these centers were then identified on the zone maps.

From this point, various criteria were applied on a zone-by-zone
basis to determine which points in each zone should be recommended for
local rail service. Similarly, other criteria were applied on a
regional basis to determine which major traffic generating centers

should be recommended for competitive rail service on an interstate
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network.

For the 163 zones served by bankrupt railroads, the analysis
went one step further by identifying potentially excess rail lines
which are not necessary to serve points recommended for service or
are duplicate light density feeder lines. This additional analysis
is intended as a potential planning tool for the U.S. Railway Associ-
ation and for the states and local communities in determining where
their own analysis should be concentrated during the remainder of the
planning process.

Currently, the Federal Railroad Administration is expanding the
regional model to a nationwide network based on the OSAI rail network.
In addition to the standard items coded to each link in the network--
distance, speed, signal system, type of track, company controlling the
track, etc.,--there will be a station cross reference file containing
SPLC point numbers, freight station accounting codes, transportation
zone numbers, urban area codes and several other general geographic
designations. Furthermore, the FRA is refining the model and develop-
ing a more detailed network configuration for railroads in the United
States. This network is intended for use as a general rail systems

planning tool.
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4., SPECIALIZED AREAL UNIT REFERENCE CODES

4.1 UNITED STATES POSTAL SERVICE

During the late 1950's and early 1960's it became evident that
the postal collection and distribution system in the United States
was rapidly becoming inefficient, even obsolete. Fundamental changes
in the nature of mail and the increasing volume of mail required more
sophisticated and more mechanized methods of handling and moving the
mail. For many years whole cities and states were used as grouping
and sortation areas with geopolitical names as sorting keys. By 1960
an overwhelming number of cities constituted units that were simply
not small enough for sorting the increasing volume of mail efficiently
and the use of geopolitical names necessitated that individual sorters
memorize spatial and distributional relationships often within un-
reasonably large and geopolitically complex areas.

As a result of this situation the U. S. Post Office Department
developed and implemented the Zone Improvement Plan (ZIP) for postal
service in the United States. According to this plan, all the possi-
ble postal origins and destinations were collapsed into a series of
small areas for gathering and grouping mail. When mail from one area
reached another area, it could then be regrouped in even smaller uni-
verses until the carrier route was achieved and delivery made.1

The hierarchically structured postal units are identified by the

five digit ZIP code which was implemented in July, 1963. The first

lcanada has also instituted the use of postal address codes.
Refer to Appendix B for a description of the Canadian system.
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digit of this code identifies one of ten major regions in the United
States (See Figure 4.1). The second and third digits identify indi-
vidual sections within these regions (See Figure 4.2). Sections are
small apolitical areas defined in terxms of local transportation patterns.
Large cities constitute an entire section. One central post office
gathers and redistributes mail for all other post offices in the
section. In the case of the larger cities, the main office performs

the same functions for stations and branches within the city. Jackson-
ville, Florida, for example, is the sectional center for section 320

and all mail coded to section 320 is forwarded to Jacksonville to be
resorted for delivery to all post offices in that section. The city

of Jacksonville is also a separate section coded 322. BAll mail destined
for addresses within the city of Jacksonville is resorted at the main
post office in the city for delivery to local branch offices. Origin-
ating mail is grouped at each sectional center for forwarding to the
sectional center of destination.

Although in most cases section boundaries conform to state lines
there are exceptions as is evident in Figure 4.2. The size and shape
of the section is determined by the local transportation pattern and
as such tends to reflect the local economic pattern. Similarly, the
multi-coded office is organized along the lines of the economic city,
not the political city, and its stations and branches are consistent
with population concentrations within the city, often with usable
economic and social factors reflected as well.

Section numbers are serial and are assigned to the sections
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grouped roughly by state. At the three digit, sectional level of the
ZIP code there are potentially 1,000 numbers. Fifteen three digit
numbers are assigned to military use (all APO and FPO addresses) and
four are assigned to federal agencies in Washington, D.C. Of the re-
mainder, 803 three digit numbers are assigned singularly; 32 sections
have been assigned two three digit numbers; and 2 sections have been
assigned three three digit numbers. 108 of the potential 1,000 are
not used. Thus, there are 856 active three digit level ZIP code
numbers.

The last two digits of the ZIP code represent the individual
post offices within the section or the stations and branches of a
city section post office. Usually the full five digit 2IP code zone
covers a group of city blocks (See Figure 4.3) or a small rural area
served by a single post office. However, separate ZIP codes may be
assigned to single office buildings, institutions, or locations that
generate and receive a large volume of mail. Thus, the size of the
area represented by a five digit ZIP code varies considerably and
reflects both concentrated, day time, business populations as well as
residential population densities. At the five digit level, there are
about 50,000 active ZIP codes, most of which (32,000) are assigned to
individual post offices. The remaining five digit numbers are
assigned to stations and branches of multi-coded post offices.

Although ZIP code was designed specifically for a mail distribu-
tion system and the ZIP code zones are unique to that system, the code

is structured so that it may serve for a variety of other uses not
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envisioned when the system was conceived. 2IP marketing areas (See
Section 4.6), for example, have been developed as a geographical model
for sales analysis. Data from the 1970 Census of Housing and Popula-
tion are coded to ZIP units on the summary tapes (by five digits for
the country). The Internal Revenue Service is also using ZIP codes to
tabulate some income data. The United States Postal Servicel actively
encourages such uses of the ZIP code and is developing a number of
user services to facilitate the application of ZIP code for purposes

other than collecting and sorting the mail.

References:

U. S. Postal Service. Customer Services Group. National ZIP
Code Directory. Washington, D.C.: U. S. Government Print-
ing Office, 1973.

Jones, Richard W. "New Developments in ZIP Code Marketing". A
reprint of an article which appeared in Sales Management
Magazine, June 10, 1969.

lThe Postal Reform Act of 1970 created the U.S. Postal Service
as an independent establishment of the executive branch, thereby re-
placing the old Post Office Department.
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4.2 WATER RESOURCES COUNCIL

In response to the growing need for coordination among the
VariolUs agerncies concerned with water and relate and resources
development activities the Water Resources Council was created in
1965.l The primary function of this council is to encourage the con-
servation, development and use of water and related land resources in
the United States on a comprehensive and coordinated basis through
cooperation of all affected federal agencies, regional commissions,
state agencies, local governments, individuals, corporations, and
other concerned entities. More specifically the Council has a respon-
sibility to:
- maintain a continuing study and assessment of the adequacy
of water supplies necessary to meet the water requirements
of the United States and the relation of regional plans
and programs to the requirements of the nation

~ appraise the adequacy of administrative and statutory means

for coordination and implementation of policies and to make
recommendations to the President with respect to federal

policy

- establish principles and standards for federal participation
in the preparation of regional plans and to coordinate the
schedules and budgets involved in this planning process

1The Water Resource Council is an independent executive agency
composed of the Secretaries of Agriculture; Army; Health, Education,
and Welfare; Interior; Transportation; and the Chairman of the Federal
Power Commission. Associate members of the Council include the
Secretaries of Commerce; Housing and Urban Development; and the Admin-
istrator of the Environmental Protection Agency. The Attorney General,
the Director of the Office of Management and Budget, the Chairman of
the Council on Environmental Quality, and the Chairmen of the River
Basin Commissions participate as observers.
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- oversee the creation, operation and termination of federal/
state river basin commissions and to review the plans pre-
pared by these commissions

- assist the states financially in developing and participa-
ting in comprehensive water and related land resource plans
or programs

In carrying out these duties the Water Resources Council has developed
a system of regional framework studies and a major national assessment
of water and related land resources which is reported every five years.
Framework studies consist of an evaluation of regional water resource
uses. They identify regions and river basins with complex problems
which require more detailed investigation and analyses, and may recom-
mend specific implementation programs in areas not requiring further
study. The national assessment provides a general appraisal of the
overall water supply and requirements including environmental quality

aspects and the future needs for water related goods and services

based upon correlated projections of population and economic activity.

The national assessment is based upon and serves as a national constraint

to regional framework studies.

This commitment on the part of the Water Resources Council to an
ongoing data collection program and continuous national assessment
necessitates the delineation of standard geographical subdivisions of
the United States suitable for the organization of water resource re-
lated data and analyses. The Geographic system developed for the
first national assessment in 1968 consisted of 20 water resource
regions corresponding to the major drainage patterns in the United

States and 110 subregions representing the river system components of
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large watersheds. In 1970 the North Atlantic water resource region
was divided into the New England and the Middle Atlantic regions
bringing the total number of regions to 21 (See Figure 4.4). The
system of subregions was completely re-evaluated due to "the troubles
encountered during the first assessment in aggregating availability
requirement comparisons without taking account of internal return
flows and flow requirements within individual channel reaches."1
A revised set of 205 water resource subregions were delineated
according to the following criteria (See Figure 4.5):
~ a subregion includes that area drained by reach of a
river and its tributaries in that reach, a closed
drainage basin, or a group of streams forming a coastal
drainage area
- a subregion is intended to represent a geographic area
with common or unigue water management problems relating
to current or expected future aspects of water supply,
use, quality, institutions, or organizations
- boundaries for subregions representing a reach of a
river are defined at an established point such as a
compact point or long term gauging station except that
for selected reservoirs where a major use of the
storage is for irrigation, the boundary is at the head-
waters of the reservoir
This criteria reflects the current primary orientation of the
national assessment toward surface hydrology. The geographic unit
defined by surface hydrology is considered most appropriate for the

analyses of in stream uses such as waste disposal, navigation, flood

control and prevention, fish habitat, and most hydroelectric power

lWater Resources Council, Water Resources Regions and Subregions
for the National Assessment of Water and Related Land Resources
(Washington, D.C.: Water Resources Council, 1970}, p. 2.
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generation. Groundwater units are less readily defined and less in-
formation is available for these systems at this time. However, as
more data concerning groundwater resources is developed, separate
groundwater subregions may be delineated.

In addition to the actual drainage area boundaries, each sub-
region is defined according to those county boundaries which most
nearly approximate the drainage boundary. This delineation was neces-—
sary to develop approximate data series for subregions from sources
which use counties as the lowest unit of geographic detail (See
Section 4.5). The area delineated by county boundaries is called the
subarea. The Canadian Subregion, for example, refers to the drainage
area of the Canadian River and its tributaries, while the Canadian
Subarea refers to the counties that approximate the area of the
Canadian Subregion.

A second set of resource regions and regional subdivisions called
land resource groups and land resource areas has been adopted by the
Water Resources Council for use in the national assessment and the
framework studies. The smaller geographic units, the land resource
areas, are delineated by the Soil Conservation Service, U. S. Depart-
ment of Agriculture as areas having similar patterns of soil (including
slope and erosion), climate, water resources, land use, and type of
farming. Like the water resource subareas, the boundaries of these
units have been generalized to conform with county lines. Land re-
source groups are aggregates of land resource areas as defined and
used by the Economic Research Service, U. S. Department of Agriculture

(See Figure 4.6).
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The geographic master file of the Water Resources Council con-
tains a listing of the counties within each water resource subarea by
water resource region (See Figure 4.7). For each of the counties
listed in the file the following codes are recorded: the two digit
water resource region code; the two digit water resource subarea code;
the FIPS state, county and SMSA codesl (See Section 2.1); the three
digit code signifying the BEA economic area (See Section 4.5) in which
the county is located; and the appropriate five digit land resource
codes.

Pending the approval of the Office of Management and Budget, the
hierarchy of water resource regions and subareas maintained by the
Water Resources Council will be expanded. The new system would be a
five level hierarchy of nesting geographical units based on groups of
whole counties and designed to provide several levels of areal aggre-
gation for the information reporting process, the organization of data
and the preparation of analyses. At the highest level of aggregation
will be 21 regions as defined in 1970 (18 continental regions and one
region each for Alaska, Hawaii, and the American territories in the
Caribbean). A set of 106 aggregated subareas will comprise the next

level of geographic subdivision. The 205 subareas which conform to

county boundaries provide the third level. 350 county cluster entities

called accounting units and 1,600 single county or county group com-
binations will make up the fourth and fifth levels of the expanded

hierarchy of water resource geographic units.

llf a water resource subregion boundary passed through a multi-

county SMSA, the subarea boundary was established along the SMSA boundary.
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4.3 OFFICE OF MANAGEMENT AND BUDGET

In addition to its responsibilities concerning the preparation
of the national budget and the promotion of more efficient government
through the coordination of interagency cooperation, the Office of
Management and Budget (OMB)l is charged with the development of
federal information systems and the coordination of all government
statistical services. One important aspect of this latter responsi-
bility has been the establishment of several standard geostatistical
units for the tabulation and reporting of federal statistics. The
Standard Federal Regions and the Standard Metropolitan Statistical
Areas (SMSAs) are two types of geographic units established by OMB

to provide such standards.

4.3.1 Standard Metropolitan Statistical Areas

Standard Metropolitan Statistical Areas were first defined in
1950 as "standard metropolitan areas". They were designed to re-
place the four different sets of geographical definitions then in
use for various statistical series--metropolitan districts, metro-
politan counties, industrial areas, and labor market areas. Data

reported for these areas on population, industrial production and

lThe Office of Management and Budget was established in the
Executive Office of the President pursuant to a reorganization plan
which became effective in 1970. Formerly OMB was the Bureau of the
Budget (BOB).
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labor force were nonrelatable because each set of geographic report-
ing units included slightly different territory. Thus, the primary
objective in defining SMSAs was to establish a set of general purpose
geostatistical units for agencies of the federal government that
would facilitate the interfacing of various statistical series. The
term standard metropolitan area was changed to standard metropolitan
statistical area in order to describe more accurately the cbjective
in defining these units.

An SMSA represents an integrated economic and social unit with a
recognized large population nucleus. In order to serve the statistical
purposes for which these areas are defined, their component parts must
themselves be areas for which statistics are usually or often collected.
Therefore, the county was chosen as the basic element in SMSA configur-
ations. SMSAs consist of a central county or counties containing the
population nucleus of the areas (central city or cities) and contigu-
ous counties that are metropolitan in character and that are socially
and economically integrated with the central city. In New England
where townships are statistically more important than county units,
the township is used as the basic component of an SMSA. Each SMSA
must include one central city and there is no limit to the number of
adjacent counties included in a single SMSA as long as the counties
are integrated with the central city (See Figure 4.8). Many SMSAs
are single county entities such as the Phoenix SMSA; the Atlanta SMSA
includes 15 counties; and the Boston SMSA is composed of 92 townships.

With the advice of a committee composed of representatives from
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the major federal statistical agencies, OMB periodically reviews and
revises the designated SMSAs. New SMSAs may be created, the county
configurations of existing SMSAs may be rearranged, older SMSAs may be
split into two or more new SMSAs and sometimes the SMSA titles or code
numbers are altered.l As of May 1973 there were 263 SMSAs in the
United States with four additional SMSAs in Puerto Rico and each is
assigned a four digit code number adopted by FIPS (See Section 2.1).
The series of code numbers was originally gapped at intervals of
forty and the last digit was always zero. However, as the universe

of SMSAs expanded some gaps have been filled and there are three SMSA
codes with non-zero final digits. Every one of the 50 United States
except Wyoming and Vermont contain at least one SMSA and these units
have gained widespread usage for the reporting and tabulating of data

by private as well as public agencies (See Figure 3.6).

4.3.2 Standard Federal Regions

In 1969 the Office of Management and Budget established ten
Standard Federal Regions of the United States. These regions divide
the nation into groups of contiguous states with Alaska and Hawaii
included in an appropriate continental sector (See Figure 4.9). Stan-
dard Federal Regions were delineated in order to establish uniform
regional boundaries and regional office locations for federal agencies

as a means of rationalizing the organization of service delivery

lThe Bureau of Economic Analysis maintains a file on the histori-

cal composition of SMSAs (See Section 4.5).
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systems and to help assure that they are closely coordinated.

A regional council has been established in each one of the ten
regions. Since it is important that these councils and the regional
offices of federal agencies have access to easily relatable statisti-
cal information, OMB has directed that in all cases where federal
agencies present data by region the ten Standard Federal Regions are
to be the tabulating and reporting units. Agencies may for special
or analytical purposes publish data for other regions in addition to
the ten standard regions. However, only in exceptional cases where it
can be demonstrated that the reliability and the validity of the data
do not warrant the use of the ten Standard Federal Regions may other
regional classifications be used. Thus, while the regions defined in
the National Location Code, for example, were altered in order to con-
form to the Federal Standard Regions, other reporting units such as
the economic areas defined by the Bureau of Economic Analysis were
not changed because the Standard Federal Regions do not represent

regional economic units of the United States.

References:

Executive Office of the President. Bureau of the Budget.
Standard Metropolitan Statistical Areas. Washington, D.C.:
U. S. Government Printing Office, 1967.

Executive Office of the President. Office of Management and
Budget. "Publication of Statistical Data for Regions." OMB
Circular A-46. Washington, D.C.: Office of Management and
Budget, Executive Office of the President, 1971.
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4.4 ECONOMIC DEVELOPMENT ADMINISTRATION

The primary function of the Economic Development Administration
(EDA) is to promote the long range economic development of areas within
the United States that have severe unemployment and low family income
problems by aiding public and private enterprise to create new, per-
manent jobs in these areas. The EDA program includes public works
grants and loans; business loans for industrial and commercial facili-
ties; guarantees for private working capital loans; and technical,
planning, and research assistance for economically distressed areas.

In carrying out these responsibilities the Economic Development
Administration has established geographic subdivisions of the United
States that serve as planning units, delineated areas according to the
qualification for assistance criteria dictated by legislation, and

defined growth centers.l

4.4.1 Regions and Economic Development Districts

There are six EDA regional commissions having jurisdiction over
multi-state subdivisions of the United States (See Figure 4.10).
These regions serve as large scale administrative, coordinating and
planning units. Within these regions EDA has established a multi-

county district program similar to that employed in France and the

1Economically distressed areas qualify for assistance under cri-
teria established by the Public Works and Economic Development Act of
1965 (Public Law 89-136).
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United Kingdom. These districts are small scale planning and adminis-
trative units. Each of the economic development districts serves as
the geographic framework in which the projects for gualifying
individual redevelopment areas are coordinated and local resources
pooled. There are approximately 120 authorized districts in the
United States. Almost 100 of these have had initial overall economic
development programs approved by EDA and have been officially designa-

ted as economic development districts (See Figure 4.11).

4.4.2 Redevelopment Areas

According to the legislation establishing the EDA program there
are two types of redevelopment areas. Title I redevelopment areas are
eligible only for public works grants and must have an annual average
unemployment of 6 percent of more during the preceding calendar year
in order to qualify for this type of assistance. There are only a
few such designated redevelopment areas. Title IV redevelopment areas
are eligible for the full range of assistance provided by EDA and must
meet one of the following qualifying criteria: 1) unemployment 50%
above the national average for three of the four preceding calendar
years, or unemployment 75% above the national average for two of the
three preceding calendar years, or unemployment 100% above the
national average for one of the two preceding calendar years; or,

2) a population loss of 25% or more between the 1950 and 1960 Censuses;
or, 3) a median family income of $2,264 or less. A redevelopment area

may consist of an entire county, an Indian Reservation, a city, or
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combinations and segments of these units. There are approximately
450 designated Title IV redevelopment areas located within economic

development districts in the United States.

4.4.3 Growth Centers

In addition to regions, economic development districts, and re-
development areas, the Economic Development Administration has desig-
nated about 130 growth centers for economic development districts and
over 50 growth centers for redevelopment areas. Several basic
assumptions underlie the establishment of these centers. The first is
that the provision of jobs, income, and local services in growth
centers will benefit not only those centers, but residents of the
surrounding areas as well. A second assumption is that accelerating
and increasing the growth and prosperity of such centers will encour-
age residents of nearby depressed areas to seek work in a growth center
instead of migrating to other areas. An additional assumption is that
it would be less expensive to provide benefits to the target population
(i.e., the unemployed and underemployed residents of depressed areas)
through investments in growth centers rather than by funding projects

in less developed areas.

4.4.4 Geographic Directory

The EDA geographic directory is a listing of all county and county
equivalents by state in the United States with applicable EDA designa-

tions for each county and a list of redevelopment areas within each
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state (See Figure 4.12). The top of each printout page bears the
name of the state and its Federal Information Processing Standard
(FIPS) code, as well as the appropriate EDA regional office name and
number. The following codes are included in the directory:

region: the region code beside a county name indicates that
the county is included in the geographic area within the
purview of a regional action planning commission (other
than the EDA regional commission). Regional commissions
are identified by name and code following the alphabeti-
cal listing of counties,

district: a district code on a line with a county name de-
notes that the county is part of the economic develop-
ment district which is identified by name following the
alphabetical listing of counties. A numeral nine appear-
ing as the first digit in the three digit district code
signals that the district boundary crosses state lines.
Each numeric district code is followed by an alphabetic
code of one or two characters signifying the current
status of designation, funding or authorization of the
district as follows:

A - district was authorized for establishment but does
not receive any funding assistance from EDA.

F - district was authorized for establishment and re-
ceives funding assistance from EDA.

D - district is officially designated by EDA but does
not receive funding assistance from EDA.

DF -~ district is officially designated by EDA and re-
ceives funding assistance from EDA.

MF - a planning unit which receives funding assistance
from EDA but which is not eligible for designation
as a district.

TF - a planning unit whose designation as a district
has been terminated but which receives funding
assistance from EDA.

T - a district whose designation has been terminated

and which does not receive funding assistance from
EDA.
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STATE:

35 - New Mexico

REGIONAL OFFICE: 8 - Southwest

NAME REGION DISTRICT COUNTY AREA SoD GC COMMENT
Bernalillo 04 001 0001 NE
Catron 04 003 0003 PD
Chaves 04 020 F 005 0005 NE
Colfax 04 010 DF 007 0007 D
Curry 009 0009 NE
De Baca 04 011 0011 NE
Dona Ana 013 0013 D
Eddy 020 F 015 0015 D
Grant 04 017 0017 NE
Guadalupe 04 019 0019 D
Harding 04 021 0021 NE
Hidalgo 023 0023 NE
Lea 025 0025 NE
Lincoln 04 020 F 027 0027 E
Los Alamos 04 010 DF 028 0028 HE
Lina 029 0029 E
McKinley 04 031 0031 D
Mora 04 010 DF 033 0033 D
Otero 04 020 F 035 0035 D
Ouay 037 0037 NE
Rio Arriba 04 010 DF 039 0039 D
Roosevelt 041 0041 NE
Sandoval 04 010 DF 043 0043 D
San Juan 04 045 0045 E
San Miguel 04 010 DF 047 0047 D RDC Desig
Santa Fe 04 010 DF 049 0049 E ELC Desig
Sierra 051 0051 NE
Socorro 04 053 0053 D
Taos 04 010 DF 055 0055 D
Torrance 04 057 0057 D
Union 059 0059 NE
Valencia 04 06l 0061 E
Mescalero Res 04 020 F 035 0711 D Indian Res
Zuni Res 0717 D Indian Res
City of Las Vegas 04 010 DF 047 0047 D 002| RD Center
Santa Fe Dev Ctr 04 010 DF 049 0901 D 501| ED Center
North Central 010 DF District
Southeastern 020 F District
Four Corners 04 Region

Source: Economic Development Administration
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county: codes have been assigned to all counties or county
equivalents. EDA's information system uses the Federal
Information Processing Standard (FIPS) county codes.

area: a four digit numeric area code is assigned to identify
the redevelopment areas listed at the end of the county
sequence within a state. Each numeric area code has an
alphabetic code in conjunction with it. The alphabetic
code, which is displayed under the heading *“SOD", des-
cribes the area status of designation as of the date the
directory page was produced. The alphabetic codes used
are as follows:

NE - an area which has never been eligible for desig-
nation as a redevelopment area.

E - an area which is currently eligible or qualified
for consideration as a redevelopment area but
which has either not submitted or has not re-~
ceived approval of an overall economic develop-
ment plan.

D - an area which is currently designated as having
met all conditions for receiving EDA assistance.

PE - an area which had an immediately prior status of
eligible and from which it has been terminated in
a previous fiscal year.

PD ~ an area which had an immediately prior status of
designated and from which it had been terminated
in a previous fiscal year.

TD - an area which had an immediately prior status of
designated and from which it had been terminated
in the current fiscal year.

growth centers: a three digit code in the column headed "GC"
is used to signify a growth centexr. When the first digit
is zero, the growth center is a redevelopment center; when
the first digit is a five, the center is an economic
development district center. The second and third digits
identify the number of the center within the district.

comments: the comments used are primarily self-explanatory.
When a county or area has a growth center located within
it, a comment to that effect is displayed. Special names
such as Indian Reservations, regions and districts are
identified in this manner. If a center is situated in
more than one county, this is explained in the comment.
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The letters M, C, P, and U are used in this section

to denote multi-county planning units. These counties
are grouped for planning purposes and receive EDA
planning assistance, but are not eligible for designation
as districts.

References:

U. S. Department of Commerce. Economic Development Administra-
tion. "Geographic Directory". An unpublished, inhouse
document. Washington, D.C.: Economic Development Adminis-
tration, U. S. Department of Commerce, 1972.

U. S. Department of Commerce. FEconomic Development Administra-
tion. Economic Development Districts: Composition and
Status. Washington, D.C.: U. S. Government Printing
Office, 1970.
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4.5 BUREAU OF ECONOMIC ANALYSIS

The bureau of Economic Analysis (BEA) which was formerly the
Office of Business Economics (OBE) is engaged in an ambitious program
of regional measurement, analysis and projection of economic activity.
Initiated in 1965, this program represents the long term cooperative
efforts of the U.S. Department of Commerce and the Economic Research
Service (ERS), the U.S. Department of Agriculture with assistance
from the Forest Service, the Water Resources Council (WRC) and the
BEA. Several years ago the program acquired the acronym of OBERS.1

The objectives of the OBERS program are the development and
maintenance of: 1) a regional economic information system with pro-
visions for rapid and flexible data retrieval; 2) near term (1980-
1990), mid term (2000), and far term (2020) projections of population,
economic activity and land use for the United States and its geogra-
phic subdivisions; and 3) special analytical systems designed for use

in water resource and other public investment planning.

With the publication of 1972 OBERS Projections: Regional Economic

Activity in the United States (five volumes), the first two cbjectives

have been accomplished. The OBERS report presents projections of

economic activity for the United States as a whole, functional economic

lOn January 1, 1972 the Office of Business Economics and the
Bureau of the Census were merged to form the Social and Economic
Statistics Administration (SESA). In the reorganization, the OBE was
renamed the Bureau of Economic Analysis. Although the OBE has been
renamed, widespread acceptance of the term OBERS has led to its con-
tinued use as a descriptive title of the projection project.
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subdivisions of the United States, water resources regions and sub-
areas, and the fifty states at decade intervals from 1980 to 2020.
Included are projections of population, personal income, employment
earnings of persons and output, with the last three items shown by
industry. Also included are projections of land use by broad cate-
gories for the same period and the historical information from which
the projections were derived in essentially the same geographic and
industrial details as the projections. Further development will
continue as economic measures and projection methodologies are im-
proved, and as new data become available, updated and revised pro-
jections will be produced.

Analytical systems, the third objective, are in the process of
development. These analytical systems are built upon the information
system and the projections. They will provide systematic procedures
for identifying the nature and estimating the magnitude of economic
impacts resulting from alternative types and scales of resource
development which may be considered.1

The geographic identification scheme employed in the OBERS in-
formation system is based on the county unit. County units serve as
the building blocks from which a set of regional areas can be aggre-
gated, then disaggregated and reaggregated into another set of re-

gional areas delineateu on the basis of different functional criteria.

lA more detailed description of the BEA analytical systems which
is beyond the scope of this survey is contained in 1972 OBERS Projec-—
tions: Economic Activity in the United States, Volume l: Concepts,
Methodology, and Summary Data (Washington, D.C.: U. S. Government
Printing Office, 1972).
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Also county units are well-established, fairly stable geopolitical
areas for which the historical time series data necessary to OBERS
projections are available. The three basic elements of the OBERS
geocoding system are: BEA economic areas, WRC water resource regions

and subareas, and a base file of geographic codes for counties.

4.5.1 BEA Economic Areas

Central place theory with its emphasis on cities as the hubs
around and within which integrated economic activity concentrates,
provided the conceptual basis for the delineation of the BEA economic
areas.l The application of this theory to the economic data relating
to the counties of the nation resulted in 173 city-oriented areas,
each with its hinterland in which there is a definite interaction of
the various parts with the center and in which the establishments,
both businesses and households, are functionally related. These
nodal-functional economic areas have been designated BEA Economic
Areas (See Figure 4.13).

One of the functional characteristics of these regions is that
each combines its labor market and labor supply--the place of work
and the place of residence of the labor force. There is, therefore,

a minimum of commuting across economic area boundaries.

lA description of central place theory and further references on
this subject are contained in: Brian J. L. Berry and William L.
Garrison, "The Functional Bases of the Central Place Hierarchy,"
Economic Geography XXXIV (April 1958), pp. 145-154,
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Each economic area has essentially two types of industries. One
group constitutes the basic, or export, industries which produce goods
and services most of which are exported to other areas, thus earning
the means with which to purchase the specialized goods and services of
other areas.

The production location of export types of goods and services is
determined mainly by the costs associated with production processes
requiring different input relationships and the comparative advantage
of an area for the production of a commodity is determined by the
area's relative endowment of the factors of production.

In addition to the basic, or export, industries, each area has
another group of industries, termed residentiary, which are functional-
ly related to the households and businesses of the area in that they
produce most of the services and some of the goods required by the
household sector and by other local business as intermediate products.
Each of the areas approach self-sufficiency in regard to these resi-
dentiary industries which include general and convenience retail and
wholesale trade activities, and those other services which are dif-
ficult or impossible to transport and which are most efficiently con-
sumed in the vicinity of their production. Thus, the economic areas
correspond to the closed trade areas of central place theory in which
the number and type of residentiary establishments and their size and
trade areas are bounded by the relative transportation costs from
hinterland to oompeting centers.

Among economic areas the relationship of basic and residentiary
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industries and the composition of the latter vary according to factors
such as type of basic industry, economic size of area, level of per
capita income, economic maturity and type of surrounding areas. Des-
pitethesedifferentiating=factorsT—interindustry relationships-within
each area exhibit general similarity and substantial stability although
they do change as a result of secular trends and developmental thresh-
holds (points at which local markets for intermediate or consumer
products become large enough for local production to supplant all or

a portion of imports). These characteristics of similarity and stabili-
ty are what make the economic areas superior for projection purposes

to other geographic areas.

The first step in the economic area delineation was the identifi-
cation of the economic centers. Standard metropolitan statistical
areas (SMSAs) which are general trade and labor market centers were
chosen as the nodal centers. However, not all SMSAs are centers of
economic areas because some are integral parts of larger metropolitan
complexes. For example, the Jersey City, Newark, Paterson-Clifton-
Passaic, Stamford, Norwalk, and Bridgeport SMSAs are all part of the
New York City complex. 1In rural parts of the country where there are
no SMSAs, cities with 25,000 to 50,000 population are designated as
the economic centers.

After identifying the economic centers, the economic focus of the
remaining counties was determined. The primary data used in this
determination were the journey-to-work data from the 1960 Census of

population. Those data were summarized and posted on maps so as to
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show the gross commuting for each individual county to each adjacent
county and to as many as 13 counties altogether if such commuting
occurred. Counties were then associated with the economic centers in
accordance with the commuting pattern.

In places where the commuting pattern of adjacent economic
centers overlapped, counties were included in the economic area con-
taining the center with which there was the greatest commuting connec-
tion. In the case of cities where the commuting pattern overlapped
to a great degree, no attempt was made to separate them. Instead,
both cities were included in the same economic area. Many counties
were associated with an economic area not because of their commuting
ties to the city itself, but because of their association with other
counties which were tied to the economic center. Thus, for the first
ring of counties around the central county, the criterion was commuting
to the central county or to the first ring.

In the more rural parts of the country, the journey-to-work infor-
mation was insufficient to establish boundaries of the economic areas.
For these areas the road network and certain geographic features which
would affect the possibility and time of travel to the economic centers,
and the linkage of counties by other socioeconomic ties such as com-
munications, cultural, recreational, and trade activities were major

determinants.

4.5.2 Water Resource Regions and Subareas

In the publication entitled Water Resources Regions and Subregions
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for the National Assessment of Water and Related Land Resources, July

1970, the Water Resources Council presented a delineation of the nation
into twenty-one water resources regions corresponding to major drainage
patterns (See Section 4.2).

By application of a consistent set of criteria using hydrologic
boundaries these regions have been further divided into tributary and
main stem reaches entitled water resources subregions. These sub-
regions cut across county lines where drainage conditions so indicate.

In the OBERS program counties and multi-county SMSAs form the
geographic building blocks in any geographic classification system.

It was necessary, therefore, to conform the water resources subregions
to county and SMSA boundaries. The resulting multi-county delinea-
tions have been designated as water resources subareas. The water
resources subareas, therefore, are county approximations of the hy-

drologically defined water resources subregions (See Figure 4.5).

4.5.3 County Base File

The basic file of geographic codes maintained by BEA in order to
process and tabulate the information for the OBERS program and to
aggregate statistics for economic regions, water resource areas and
the states is a county file. This file contains a listing of county
names along with the appropriate state name, state and county code,
SMSA code, water resource region and subarea codes, BEA economic
area code, and codes for land resource divisions (See Section 4,2).

Insofar as possible the Bureau of Economic Analysis has adopted
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the Federal Information Processing Standard for state and county
designations (See Section 2.1). There are, however, some exceptions
and alterations to the standard on the BEA file. In Virginia, for
example, BEA does not recognize single independent cities as county
equivalents. Independent cities are either listed in conjunction
with the county to which it is most closely associated geographically
and assigned the code of that county, or, in two cases, grouped to
form a county equivalent unit and assigned a single code. Thus, while
the current FIPSPUB 6 lists 95 counties and 39 independent cities in
Virginia, each with a unique code, BEA recognizes only 98 coded
county units in Virginia. There are other minor alterations of the
FIPS standard in the BEA county file.

The Bureau of Economic Analysis also maintains a unique system
of SMSA codes and a separate geographic file which indicates the
historical county composition of the SMSAs. In addition to the SMSAs
defined by the Office of Management and Budget (See Section 4,.3), BEA
has designated two other areas in the states where no official SMSA
exists as SMSA equivalents. These are Burlington, Vermont (Chittendon
County) and Cheyenne, Wyoming (Laramie County). In New England where
the official SMSAs are made up of township units rather than whole
counties, BEA has redefined the existing SMSAs so that they constitute
aggregates of whole counties. Each of the SMSAs and BEA SMSA equiva-
lents is assigned a three digit number. They are listed by title
along with their county components and historical information on a
special computer file which records the various SMSA changes since

1950 (See Figure 4.14).
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4.6 ZIP MARKETING AREAS

Since the ZIP code system was established in the United States
by the U. S. Postal Service (See Section 4.1) many private companies
and government agencies have found it necessary or advantageous to
include ZIP codes among the geographic references maintained in their
information systems. The development of mail-out/mail-back question-
naires for the 1970 Census, for example, required address coding
guides with detailed ZIP code information. Some magazine publishers
take advantage of the hierarchical structure of ZIP codes by assign-
ing appropriate regional advertising and editorial pages on the basis
of the first three digits of the ZIP code. In the private sector
particularly, there are many other current applications of the ZIP
code system to marketing analyses and experimentation. One such
application was the development of a relatively stable geographic
model for sales analysis based on three digit level ZIP code areas
and television marketing areas called areas of dominant influence.
These ZIP marketing areas were developed by Dik Twedt while he was
working for Oscar Mayer and Company in 1967.

The first step in delineating ZIP marketing areas was defining
the boundaries of the approximately 850 ZIP code sections reflected
in the first three digits of the ZIP code. Since ZIP code sections
do not follow county lines and much of the available sales data is
tabulated by county, it was necessary to "force a fit" between

counties and sections. 2IP sectional areas that split counties were
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extended to include all of each county in which section included the
the majority of the population.

Next, ZIP code sectional areas were grouped to match the 205
television market areas of dominant influence as closely as possible.
The area of dominant influence (ADI) is a geographic market design
developed by the American Research Bureau which defines each market
exclusive of another based on measurable television viewing patterns.
An ADI consists of all counties in which the home market stations re-
ceive a preponderence of viewing. Viewing records obtained from more
than a quarter million households serve as the source for the estima-
ted total viewing hours in each county and the percent of these view-
ing hours shared by the combined stations in each market serving the
county.

Finally the areas defined by matching county boundaries with ZIP
code sectional areas and aggregated to areas of dominant influence are
further aggregated into 136 ZIP marketing areas (See Figure 4.15) by
overlaying known distxibution patterns of major foods chains. Each
marketing area is named for a major city within the area, they are
listed alphabetically and then assigned a three digit code number
ranging from 040 to 410 with sufficient interval gapping of numbers
to allow for the designation of additional areas.

The principal advantage of a ZIP code based geographic model for
sales analysis is that the ZIP code sectional areas are fairly stable
units and the ZIP code number is widely recognized by all segments of

business and general public, thus the users look-up problem is mini-
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mized. Also, the ZIP code areas are geared to the problem of deliver-
ing mail, and there is a relatively close parallel between highway net-
works, mail distribution, and the normal channels of distribution used
by marketing organizations.

The disadvantages of this geographic system involve the inaccura-
cies that result from force matching various sets of boundaries. In
the arbitrary allocation of split counties to a given ZIP marketing
area, certain county sections are included in the wrong ZIP code sec-
tional area. This was a problem in about 10 percent of tho counties.
However, in most cases the split was so disproportional that the al-
location decision was an obvious one and only a minority of any given
county areas was incorrectly assigned to a section. In every case
where the problem existed, it was in fringe areas of a rural nature
with low population density.

Once ZIP code sectional area boundaries were reconciled to county
boundaries further compromises had to be made in reconciling these
areas with ADIs. Some counties fell into one ZIP marketing area but
were included in another area of dominant television influence. As in
matching ZIP code sectional areas to county boundaries, this situation
occurred only in fringe population areas. It was found that less than
four percent of the population of the United States lived in counties
which had to be switched from the correct area of dominant influence.
In terms of the existing distribution pattern two out of the three
switched counties actually seemed to belong more appropriately in the

2IP marketing area to which they were assigned rather than the actual

211



ADI county configuration simply because the ZIP code system was plan-
ned in accordance with actual distribution traffic patterns, whereas
ADI data are subject to normal sampling error.

ZIP marketing areas have become a standard geographic model fo
sales and marketing analysis. In addition these areas were used in
studies conducted for the Office of Civil Defense (See Section 4.9).

It was found that although ZIP marketing areas do not follow topo-
graphic features as closely as the state economic areas and economic
subregions delineated by D. J. Bogue and C. L. Beale (See Section 3.1),
ZIP marketing areas reflect the more important correlation between

population concentration and associated resources.
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4.7 BUREAU OF THE CENSUS: FOREIGN TRADE DIVISTON

The foreign trade statistics program, conducted by the Bureau of
the Census, involves the compilation and dissemination of a large
body of data relating to the imports and exports of the United States.
These statistics are collected and tabulated to serve the needs of
both government and nongovernment users who have a wide range of in-
terests. The program, therefore, includes a variety of data presented
in many different geographical and statistical arrangements and re-
leased in the form of reports or machine tabulation.

The unigque geographic coding system used in compiling these sta-
tistics was devised by the Foreign Trade Division, U.S. Bureau of the
Census and consists of three major code series: 1) coastal districts,
subdivisions, and ports for foreign waterborne commerce; 2) country
designations for all foreign commerce; and, 3) domestic customs dis-
tricts and ports. In the tabulation of aggregate statistics the world
is divided into the World Trade Areas represented in Figure 4.16.

Coastal districts, coastal subdivisions and foreign port desig-
nations are used in the tabulation of waterborne foreign trade statis-
tics. The world is divided into 20 major coastal districts each of
which is assigned a two digit number. These areas are further sub-
divided generally into coastal zones along a cluster of countries and
coded uniquely by adding one digit to the code of the major district
in which the subdivision is located. For example, west coast Central

America and Mexico constitutes coastal district 04. Within this
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district the west coast of the Canal Zone (041l) and the west coasts
of Mexico, Guatemala, Honduras, Nicaragua, Costa Rica, and Panama
(049) are the two subdivisions. Individual ports are assigned a
five digit serial number within subdivisions. The port code, however,
is independent of both the district and subdivision codes, providing
unique identification i five digits.

The country designations for the foreign trade statistics is a
three digit number code. Countries are sequenced by proximity in
areas of continental land masses. Each country within the major

divisions is assigned the same first digit as follows:

North America, northern area (1) Asia (5)

North America, southern area (2) Australia and Oceania (6)

South America (3) Africa (7)

Europe (4) Possessions of the United
States (9)

There is no systematic assignment of the last two digits.

The country reported in the statistics as the country of origin
is defined as the country where the merchandise was grown, mined or
manufactured. In instances where the country of origin cannot be
determined, the transactions are credited to the country of shipment.
In foreign trade reports and tabulations, countries are presented by
name and/or code. In some import reports, the country code is
followed by the code 0 to indicate country of origin, or the code 1
to indicate country of shipment. The country designation UNIDENT is
used to signify imports from countries which could not be identified
because of illegible reporting on import entries or other shipment

documents.
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The country of destination is defined as the country of ultimate
destination or the country where the goods are to be consumed, or
further processed or manufactured. However, the statistics do not
always reflect this definition since, at the time of exportation, the
shipper may not know the ultimate destination of the shipment. In
such cases, the shipments are credited to the last country to which
the exporter knows that the merchandise will be shipped in the same
form as when exported. It follows, therefore, that the statistics
will tend to be overcounted for shipments to transshipment countries
such as Hong Kong, Belgium, Netherlands, etc., and undercounted for
other countries.

The 43 customs districts designated in the United States are
coded with a two digit number ranging from 01 through 54. This irre-
gular series of numbers is assigned to districts in a geographical
sequence beginning with Portland, Maine, down the east coast, across
the Gulf of Mexico, up the west coast and back to Chicago and St.
Louis. Each of the ports within a district is designated by another
two digit code. The number system for the 360 ports is irregular and
unique only within each district. Therefore, the port codes must be
prefixed with the district numbers in order to provide unique identi-
fication. Customs districts are grouped into nine regions, but these
regions do not appear as a part of the location code.

Imported merchandise is coded to the district in which the mer-
chandise is cleared through customs for entry into consumption chan-
nels or entered into customs warehouses. In either case, this may

not be the district at which the merchandise arrived in the United
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States. Imports by mail are credited to interior districts after !
having been transported in customs bond from the border point or
seaport of entry into the United States. Imports of vessels moving |
under their own power or afloat are included under a single code
(District 60) and are not reported by individual customs district of
entry. Also, estimates for shipments valued at $250 and under are
reported under a single code (District 70). |
For exports transported by vessel or air, the shipments are coded :
to the customs district in which the merchandise is loaded on the
vessel or aircraft which takes the merchandise out of the country.
For exports by rail, truck, or pipeline, the shipments are coded to
the customs district through which the merchandise crosses the United
States border into foreign territory. Aircraft exported under their
own power are credited to the customs districts from which they are
flown out of the United States.
All mail exports are credited to one special district (District
80) and are not reported according to the geographical location of
the post office from which the merchandise was mailed nor the customs
district from which the mail leaves the United States.
Vessels exported under their own power or afloat are reported
under District 60, and shipments individually valued under $100 are

reported under District 70.
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4.8 INTERSTATE COMMERCE COMMISSION

When the Interstate Commerce Commission (ICC) was established by
the Interstate Commerce Act of 1887, the railroads were the dominant
mode of interstate transportation in the United States. The Act of
1887 was made applicable to all common carriers by railroad engaged
in interstate or foreign commerce. It did not apply to common carriers
wholly by water, but it did include common carriers partly by water
and partly by rail, where they were under common control or arrange-
ment for continuous carriage or shipment. Thus the primary responsi-
bility of the ICC for many years was the regulation of railroads. As
other modes of commodity transportation developed the jurisdiction of
the ICC broadened to include trucking companies, bus lines, freight
forwarders, oil pipelines, transportation brokers, and express agencies.
Rail freight transportation, however, is still a major concern of the
Interstate Commerce Commission and the source of one of its most im-
portant statistical series, the Rail Carload Waybill Statistics pro-

gram which was initiated in 1946.)

lIn 1968 the Rail Carload Waybill Statistics program had to be

discontinued as a result of budget restrictions. The U.S. Department
of Transportation (DOT) recognizing the importance of these statistics
began providing financial assistance to the Commission to maintain in-
coming waybills until funding and a processing plan could be re-estab-
lished. In 1970, the Office of Systems Analysis and Information, DOT,
began the development of a computer based system to process and tabu-
late waybill type statistics for any mode using the 1969 rail waybill
statistics as a prototype. Future waybill tabulations will be under
the direct supervision and management of the Federal Railroad Adminis-
tration in the DOT.
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The waybill statistical series is based on a one percent sample
of audited revenue waybills for carloads terminated by line-haul
operating railroads (as distinguished from a switching and terminal
company) having three million dollars or more average operating reve-
nues over a three year period and filed with the ICC.l The waybill
sample includes import, export, transit, rebilled, and piggy back
(TOFC: trailer-on-flatcar) traffic in the United States excluding all
traffic originating in Mexico or Canada. It is a proportional sample
and therefore it tends to yield a sample size for any group propor-
tional to the number of waybills in the total frame. This means that
commodities like bituminous coal and iron have a very large sample
whereas commodities moved less frequently by rail have a lesser sample
size. Hence, some of the bulk commodities are actually oversampled
relative to hundreds of other commodities. Nevertheless, the waybill
statistics are the most comprehensive, detailed and accurate reflec-
tion of the flow of rail freight by commodity in the United States.

Geographically the waybills of the one percent waybill sample
are classified territorially according to the 5 major freight rate
territories and 7 boundary or gateway territories established by the
Interstate Commerce Commission. The five major freight rate terri-
tories are termed Official, Southern, Western Trunk-Line, Southwestern,

and Mountain-Pacific. They are defined as follows (See Figure 4.17):

lAn audited waybill is a document on which rate and freight

charges have been verified in the railroad accounting offices.
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Official Territory: Commencing at the eastern terminus of the United
States and Canadian boundary on the Atlantic Ocean and proceeding
westwardly along the border to the Straits of Mackinac, thence south-
westexly across Lake Michigan to Kewaunee, Wisconsin, thence south-
ward along the shore of Lake Michigan to Manitowoc, Wisconsin, thence
southward along the line of the Chicago and North Western Railway to
Milwaukee, Wisconsin,. thence.northwest.along.the.Milwaukee=Railway-to
Rugby Junction, Wisconsin, thence south along the Soo Line to Duplain-
ville, Wisconsin, thence west along the Milwaukee Railway through
Watertown to Madison, Wisconsin, thence west and south along the

North Western Railway through Montfort Junction, Wisconsin, to Benton,
Wisconsin, thence southwest by airline to the intersection of the
Wisconsin and Illinois boundary with the Mississippi River, thence
south along the Mississippi River to the mouth of the Chio River, thence
eastward along the Ohio River to Cincinnati, Ohio, thence eastward
along the Chesapeake and Chio Railway to Kenova, Virginia, thence east-
ward along the Norfolk and Western Railway to its intersection with

the Virginian Railway west of Roanoke, Virginia, thence east along the
Virginian Railway to Suffolk, Virginia, thence northeast along the
Norfolk and Western Railway to Norfolk, Virginia, and thence northeast-
ward along the Atlantic Coast to the point of beginning.

Southern Territory: Commencing at Norfolk, Virginia, and proceeding
westwardly along the southern border of Official Territory, as des-
cribed above, to the mouth of the Ohio River, thence south along the
Mississippi River to its mouth and thence east and north along the
Gulf and Atlantic Coast to the point of beginning.

Western Trunk-Line Territory: Commencing at the Straits of Makinac
and following the international boundary northeastward and thence
westward to the western boundary of North Dakota, thence south along
the Dakota and Montana line to the northern boundary of Wyoming, thence
southwest by airline to Sheridan, Wyoming, thence southward by airline
to Casper, Wyoming, thence southward along the line of the Burlington
system to the Colorado and New Mexico line, thence eastward following
the northern boundary of New Mexico, Oklahoma, and Arkansas to the
Mississippi River, thence northward along the Mississippi River to

the Wisconsin and Illinois line, and thence back to the point of be-
ginning following the northwest boundary of Official Territory as des-
cribed above.

Southwestern Territory: Commencing at the intersection of the Missouri
and Arkansas boundary with the Mississippi River and proceeding west-
ward along the southern boundary of Missouri, Kansas and Colorado to
the point where the Santa Fe Railway crosses the Colorado and New Mexi-
co line, thence southward along the Santa Fe Railway to El Paso, Texas,
thence following the international boundary to the mouth of the Rio
Grande River, thence along the Gulf Coast to the mouth of the Missis-
sippi River and thence northward along the Mississippi River to the
point of beginning.
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Mountain-Pacific Territory: That portion of the United States which
lies west of the western boundaries of Western Trunk-Line and South-
western Territories as described above.

Border zones and designated groups of gateway stations consti-
tute another set of overlapping territories as shown in Figure 4.18.
Traffic originating or terminating at border points or gateways is
allocated to a territory according to the direction of movement. For
example, traffic between Western Trunk-Line Territory and all points
in Illinois, points in Indiana in the Chicago switching districts, and
points in Wisconsin south and east of the northwest boundary of Offi-
cial Territory is treated as Western Trunk-Line traffic.l Rate terri-
tory coding is assigned according to the schedule presented in Figure
4.19.

As part of the Rail Carload Waybill Statistics Program the
straight-line or great circle distance between any two points recorded
in the waybill sample was calculated using a network of unique Stan-
dard Point Location Code (See Section 3.6) coordinates. The calcula-
tion of straight-line miles is fully automatic and provides results of
uniform high accuracy. Periodically, this file will be updated to ac-
comodate additional points for existing modes and to incorporate new

modes of transportation.

lFor a detailed, official description of the border territories
and gateway station groups shown in Figure 4.17, refer to "Interstate
Commerce Commission: Freight Rate Territory Classification Used in
Waybill Analysis", (Washington, D.C.: Interstate Commerce Commission,
U.S. Department of Commerce, 1968) or Carload Waybill Statistics 1969,
(Washington, D.C.: Office of Systems Analysis and Information, U.S.
Department of Transportation, 1970).
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BETWEEN BETWEEN
1l and 1l: Official 5 and 5: Southern
1l and 2: Official S5 and 6: Southern
1 and 3: Official 5 and 7: Southwestern - Western Trunk Line
1 and 4: official 5 and 8: Southwestern
1 and 5: Official - Southern 5 and 9: Southwestern - Western Trunk Line
1 and 6: Official - Southern 5 and 10: Southwestern
l and 7: Western Trunk Line 5 and 11: Southwestern
1 and 8: Western Trunk Line 5 and 12: Southwestern - Mountain Pacific
1l and 9: Western Trunk Line
1 and 10: Western Trunk Line - Southwestern 6 and 6: Southern.
1l and 1ll: Western Trunk Line - Southwestern 6 and 7: Southern - Western Trunk Line
1 and 12: Western Trunk Line -~ Mountain Pacific 6 and 8: Southern - Southwestern
6 and 9: Southern - Western Trunk Line
2 and 2: Official 6 and 10: Southern - Southwestern
2 and 3: Official 6 and 1ll: Southern - Southwestern
2 and 4: Official 6 and 12: Southern - Mountain Pacific
2 and 5: Southern
2 and 6: Southern 7 and 7: Western Trunk Line
2 and 7: Official - Western Trunk Line 7 and 8: Western Trunk Line
2 and B8: Official - Western Trunk Line 7 and 9: Western Trunk Line
2 and 9: Official - Western Trunk Line 7 and 10: Western Trunk Line - Southwestern
2 and 10: Official - Southwestern 7 and 11: Western Trunk Line ~ Southwestern
2 and 11: Official - Southwestern 7 and 12: Mountain Pacific
2 and 12: Official - Mountain Pacific
8 and B8: Western Trunk Line
3 and 3: Official 8 and 9: Western Trunk Line
3 and 4: oOfficial 8 and 10: Southwestern
3 and 5: Official - Southern 8 and 11: Southwestern
3 and 6: Official - Southern 8 and 12: Western Trunk Line - Mountain Pacific
3 and 7: Western Trunk Line
3 and : Western Trunk Line 9 and 9: Western Trunk Line
3 and 9: Western Trunk Line 9 and 10: Western Trunk Line - Southwestern
3 and 10: Southwestern 9 and 11: Western Trunk Line - Southwestern
3 and 11l: Southwestern 9 and 12: Western Trunk Line - Mountain Pacific
3 and 12: Western Trunk Line - Mountain Pacific
10 and 10: Southwestern
4 and 4: Official 10 and 11: Southwestern
4 and 5: Official - Southern 10 and 12: Mountain Pacific
4 and 6: Official - Southern
4 and 7: Official - Western Trunk Line
4 and 8: Official - Western Trunk Line 11 and 11: Southwestern
4 and 9: Official - Western Trunk Line 11 and 12: Southwestern - Mountain Pacific
4 and 10: Official - Southwestern
4 and 1ll: Official - Southwestern
4 and 12: Official ~ Mountain Pacific 12 and 12: Mountain Pacific

irce: Interstate Commerce Commission

Figure 4.19 1ICC Freight Rate Territory Coding
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4.9 INSTITUTE FOR DEFENSE ANALYSES

Working for the Office of Civil Defense, the Institute for
Defense Analyses (IDA) has conducted several studies concerning the
distribution of population with respect to the concentration of other
resources in the United States. The purpose of this research is to
anticipate the spatial distribution and communication problems that
might arise in recovery from nuclear attack and to determine the op-

timal geographic units for civil defense planning.

4.9.1 County Base Analyses

The population and economic resource data base compiled for
these studies is a county data base. For each county a series of
selected economic measures was recorded. These measures include
among others: value added by manufacture, number of manufacturing
establishments, iron and steel mills, petroleum refineries, electric
generating stations, employment, retail trade sales, food sales,
wholesale, trade sales, agricultural acreage, value of crops and
livestock sold, and value of mineral shipments. Five separate sets
of state and county codes were used in compiling the data base. In
addition the designation for BEA economic areas (See Section 4.3)
and ZIP marketing areas (See Section 4.6) were added to the file in
order to gain a maximum of geographic flexibility.

The data, arrayed by county, were compared to population bases

consisting of the counties containing the first 20 to 60 percent
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(at 10 percent intervals) of the total United States population. The
counties included in the population percentages were designated and
analyzed as core counties and the counties contiguous to them were
also-investigated.—This..core.and.contiguous. count arrangement led
to the adoption of ZIP marketing areas as a frame for civil defense
recovery operations.

The core and contiguous county arrangement of data presentation
was used because, in the event of a nuclear attack, the weapons effects
on a target county would not be limited to the target (core) county,
but would also affect those counties contiguous to it. Counties repre-
senting population levels from 20 to 60 percent of the national popula-
tion were designated as the core counties and those counties geographi-
cally juxtaposed, the contiguous counties. Where core counties were
found to be juxtaposed, the two or more counties were treated as a
single core area. Each county code in the data base is listed with an
alphabetic notation for a core or contiguous county and a group number
was given to each cluster of counties. These clusters were then or-
dered according to the population ranking of the most populous county
within the group. In no instance was a contiguous county listed more
than once.

when data on contiguous counties were being assembled for this
study, it was discovered that several outsized counties were causing
analytical difficulties. Thus, the area of the 18 outsized counties
was reduced to the average area of a county in the United States, i.e.,

approximately 1,100 square miles. Population and resources were
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assumed to be located in this 1,100 square mile area and the area was
assumed to surround the main population center in the county.

Figures 4.20 through 4.22 illustrate the core counties at three
of the cumulative population levels. Each cumulative 10 percent
level was indicated separately to show the spread of population rela-
tive to land area as the base percentage increased. At the 20 percent
level there were 18 core counties; at the 30 percent level there were
42 core counties; at the 40 percent level there were 76 core counties;
and at the 50 and 60 percent levels there were 136 and 237 core counties
respectively.

The concentration of each of the selected econocmic resources was
presented in a manner similar to that used for the basic population
data, all material for each resource was entered on tape by county.
The data were then manipulated to show the relationship of the indivi-
dual economic activity to population and other activities within the
county. County totals were calculated and ranked as a percentage of
the total national capacity. Manufacturing establishments, retail
trade sales, population, wholesale trade sales and value added by
manufacturing were also given as a percentage of the national capacity.

The results of the Institute of Defense Analyses study can be sum-
marized as follows:

20% Population Base. At 20 percent population base the con-

tiguous counties represent approximately 9.3 percent addition-

al population yet occupy four times the land area of the core

counties. Agricultural crop sales and mineral shipments are

similarly quadrupled for contiguous counties compared to core
counties, but the retail trade sectors are only half as large.

Wholesale trade sales, however, are 7.3 percent for the con-
tiguous counties as compared to 39.3 for the core counties.
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Energy and Steel Production. Approximately 50 percent of
the iron and steel rolling mill capacity is located in
only seven counties. Destruction of 50 percent of rolling
mill capacity of the United States would result in little
damage to collateral economic activity and would directly
affect only about five percent of the population. Approxi-
mately 50 percent of the petroleum refining capacity is lo-
cated in 20 counties, but these counties are more widely
scattered than those representing the first 50 percent of
iron and steel mill capacity. Removal of this capacity by
attack would only have a small effect on other economic
activity within the country and approximately 10 percent
of the population would suffer damage. Fifty percent of
the natural gas processing capacity is located in only 22
counties. These plants are located where there is very
little economic activity or population concentration ex-—
cept for Los Angeles County. (In Los Angeles 1.2 percent
of the total capacity is co-located with 3.4 percent of
the population). Fifty percent of the operating electri-
cal generating capacity is located within 59 counties;

the remainder of the capacity is located in an additional
582 counties. Attack damage to these 59 counties would
affect approximately 20 percent of the U. §S. population
and 40 percent of the total wholesale trade sales. Figure
4.23 illustrates those counties representing the first 50
percent capacity of these major resources within ZIP mar-
keting areas.

Figure 4.22 includes the boundaries for ZIP marketing areas and
illustrates the close relationship of the major core and contiguous
county populations with the major marketing areas of the country.

The 136 core counties of the 50 percent population base are located
within 73 of the 136 ZIP marketing areas. Contiguous counties ac-
count for an additional four ZIP marketing areas. This close congru-
ence between ZIP code marketing areas and the 50 percent population
base county clusters prompted IDA to recommend that ZIP code market-

ing areas serve as the regional framework for civil defense recovery

operations.

233

— e



30% and 40% Population Bases. These two sets of core and
contiguous counties have several similarities, and reflect
certain trends as the core population base is increased.
Though the core county population increases by 10 percent,
the population in the contiguous counties remains at an al-
most constant 12.5 percent. The land area for each almost
doubles with each increase in population. Manufacturing
value added also increases with population, but dif

trends appear for retail trade and wholesale trade sales.
In retail trade, sales for core counties continue to in-
crease by only a moderate 10 percent and remain fairly
stable. On the other hand, while wholesale trade sales in
core counties increase by some 15 percent, an average 0.6
percent decrease is shown for contiguous counties. Thus,
while land areas of the contiguous counties are still
double that of the core counties (which have doubled as the
population increased), the wholesale trade sales and gen-
eral industry characteristics decrease simultaneously.

50% Population Base. As is easily seen in Figure 4.22,
three major consolidated areas are clearly defined at the
50 percent population base: the California coast, the
Great Lakes region, and the northeast corridor extending
from Boston to Washington. At lower levels of popula-
tion, these areas are not as distinct and at 60 percent
they lose clarity from proliferation. The 60 percent
break-out shows that one-half of the U. S. population re-
sides in only 136 of the total 3,108 counties or 4.2 per-
cent of the total land area. The contiguous counties re-
present an additional 14.2 percent of the population in
9.8 percent of the land area. Again, for the 10 percent
increase in population, the land areas of both core and
contiguous counties double and the number of contiguous
counties also doubles. Agricultural crop sales and min-
eral shipments increase proportionately with land area,
but only when the counties between the 40 and 50 percent
population bases are included (the core area accounts

for only approximately 11 percent of these sales). There
is relatively little agricultural activity in these core
counties, but a high percentage of industrial activity.
The core counties account for 62.2 percent of the total
manufacturing value added, 55.3 percent of retail trade
sales, and 77.3 percent of wholesale trade sales. As
seen in the 30 and 40 percent areas, the contiguous
counties are responsible for a steady 13 percent of the
total value added and retail trade sales, while there

is a continued decrease in wholesale trade sales (only
5.6 percent for the contiguous counties of the 50 per-
cent core counties).
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4.9.2 GCeometrical Cluster Analyses

Another study conducted by the Institute for Defense Analyses
involves a hierarchical structuring of the national population based
on aggregation of clusters of people into units called nodes. Within
each county, clusters of urban populations are aggregated into nodes,
with rural populations in the county aggregated into pseudo nodes.
This "National Nodal Network" is delineated according to a set of
rules that mathematically constrains each node into ellipsoidal or
circular Gaussian configurations weighted by population. As part of
the representation, which is the projected distribution of the nation-
al population in 1975, coordinates of the centers of gravity within
each node, angles of rotation, and semi-major and semi-minor axes were
calculated and included in the file. The hierarchical system of popu-
lation clusters was designed to assess the relative problems of evacu-
ation, involving minimum distances from target nodes and overcrowding
ratios in outlying urban and rural nodes, in case of nuclear attack.
It has also been used to supply national population and areal data
for damage assessment models such as ANCET (Analytical Nuclear Casual-
ty Estimating Techniques). Wider use of these constructs, however,
requires that more data be added to the nodes to achieve more compre-

hensive nodal descriptions.
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5. GRID AND COORDINATE CODES

5.1 GEODETIC LONGITUDE AND LATITUDE

Although the shape of the earth is actually that of an oblate
ellipsoid, and its surface is highly irregular, the earth is treated
as a perfect geometric sphere in regard to the network of intersecting
lines inscribed upon the globe in order to define the location of a
point upon the surface of the earth.l Thus, the geometric properties
of the sphere, the circle and the arc are directly applicable to the
earth and the geodetic grid which is inscribed upon it.

The geodetic grid is a system of "great" and "small" circles
arranged in relation to the rotational axis of the earth (the poles).2
It consists of a set of north-south lines called meridians and a set
of east-west lines called parallels. All meridians are halves of
great circles spreading farthest apart at the equator and converging
to common points at the poles. An infinite number of meridians may
be drawn on a globe. Thus, a meridian exists for any given point on
a globe. All of the east-west lines called parallels are entire

small circles except for the equator which is a complete great circle.

lan oblate ellipsoid is a spherical globe, compressed along the
polar axis and bulging slightly around the equator. The earth, being
about 26 miles less in diameter through the poles than in the plane
of the equator is more accurately an oblate ellipsoid rather than a
sphere. However, the spheroid deformation is minor, and the earth is
generally treated as a perfect sphere with a smooth surface at sea level.

21f a perfect sphere is divided exactly in half by a plane passed
through the center, the intersection of the plane with the sphere is
the largest circle that can be drawn on thesphere and is known as a
"great circle." Circles produced by planes passing through a sphere
anywhere except through the center are smaller than great circles and
are designated "small circles."
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Parallels are always parallel to one another, and they always inter-
sect meridians at right angles, except at the two poles. An infinite
number of parallels may be drawn on the globe and therefore, every
point on the globe except the north or south pole, lies on a specific
parallel. These are the geometrical properties of "great" and "small"

circles upon which the geodetic coordinate system is based.

N—

Meridians Parallels

The location of points on the earth's surface is defined by the
length of arcs measured along these meridians and parallels. Paral-
lels are measured in degrees north or south from the equator. Meridi-
ans are measured in degrees east or west from the prime meridian.1
The longitude and latitude of a point read in degrees, minutes, and
seconds, accurately and uniquely locate that point on the surface of

of the earth in reference to the geodetic grid.2

lThe prime meridian is almost universally accepted as that which

passes through the Royal Observatory at Greenwich, near London, England,

and is often referred to as the meridian of Greenwich. This meridian
has the value of 0° longitude.

2There are 60 minutes to a degree, and 60 seconds to a minute.
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The longitude of a place is the length of the arc of a parallel
between that place and the prime meridian. The longitude of any
given point on the globe is measured eastward or westward from this
meridian, whichever is the shorter arc. Longitude may thus range
from 0° to 180°. The actual length, in miles of a degree of longi-
tude will depend upon where it is measured. At the equator one degree
of longitude equals approximately 69 statute miles. At the 60th paral-
lel the length of one degree longitude is about one-half that distance,
34 1/2 miles.

The latitude of a place is the length of the arc of a meridian
between that place and the equator. Latitude may thus range from 0°
at the equator to 90° north or south at the poles. The length of a
degree of latitude is almost the same as the length of a degree of
longitude at the equator, slightly over 69 statute miles. Assuming
that the earth is a perfect sphere, the length of one degree of lati-
tude never varies. However, to be more precise, and to take into
account the oblateness of the earth, a degree of latitude actually
changes slightly in length from the equator to pole (See Figure 5.1).

Along the 40th parallel, the area defined by one degree of lati-
tude and one degree longitude covers approximately 3,557 square miles.
Thus, if the longitude and latitude of a point in Harvard Square,
Cambridge, Massachusetts is given to the nearest degree (42° latitude,
71° longitude), this reading would locate that point within a 3,557
square mile grid zone. If the longitude and latitude of this point

is read to the nearest minute (42° 12' latitude, 71° 05' longitude)
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Harvard Square would be located within approximately 1.32 square miles.
and, a reading of longitude and latitude which is carried to the near-
est second would pinpoint this location within approximately one hun-
dred square feet.

Plotting the geodetic network of meridians and parallels upon a
plane surface involves two important transformations: determining
the exact lengths of degrees of latitude and longitude based on the
dimensions of the earth's ellipsoidal form; and projecting a represen-
tation of the earth's surface upon a plane.

Five sets of ellipsoid dimensions are currently employed to deter-
mine the lengths of degrees of latitude and longitude. These are:
1) the International Ellipsoid, whose values were computed by J. F.
Hayford of the U. S. Coast and Geodetic Survey in 1909 and adopted
by the International Geodetic and Geophysical Union in 1924; 2) the
Clarke Ellipsoid of 1866 computed by A. R. Clarke, the head of the
English Ordnance Survey; 3) the Clarke Ellipsoid of 1880, a recompu-
tation by General Clarke; 4) the Bessel Ellipsoid computed in 1841
by a Prussion astronomer; and 5) the Everest Ellipsoid of 1830.
Each ellipsoid is identified by specific values of its semi-major
axis and semi-minor axis. For purposes of a unified system of inter-
national mapping, the world is divided up into areas, each assigned

to one of the five ellipsoids.
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The representation of the surface of the globe in an approxi-
mately true relationship on a flat surface is accomplished through
some form of map projection at a reduced scale. The resulting maps
always contain certain distortions in direction or distance between
two points on the ground and the same two points as projected on the
map. However, there are a number of ways in which to manipulate this
deformation. Many types of map projection have been devised; each
intended to achieve a certain objective such as true area, true shape,
or true direction from a specific point. Of the many projections
only two are commonly used for maps of areas lying between latitudes

80° North and 80° South. One is a projection onto a secant cone
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whose axis is identical with the axis of rotation of the earth and is
called the Lambert Conformal Conic projection. The other is a pro-
jection onto a cylinder whose axis lies in the plane of the equator.
It is called the Transverse Mercator projection in the United States
but in Europe is usually called the Gauss-Kruger projection.

The curvature of the surface of the earth is so slight that for
small areas the earth may be regarded as a plane without the intro-

duction of serious distortions.

References:

Arthur N. Strahler. Physical Geography. 2nd Edition. New York:
John Wiley and Sons, Inc., 1960.

Glenn T. Trewartha; A. H. Robinson; and E. H. Hammond. Funda-
mentals of Physical Geography. New York: McGraw Hill Book
Company, 1961.
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5.2 MILITARY GRID REFERENCE SYSTEM

In 1951 the United States Army drafted a standardized worldwide
geographic reference system known as the Military Grid Reference
System which was developed in order to eliminate the irregularities
of the various grid systems used previously by the Army, Navy and Air
Force. The system has several major advantages in that only 60 zones
are needed to extend around the entire world, all zones are exactly
alike, every zone uses the equator and its own central meridian as
the origins of coordinates, and the applicable mathematical equations
are the same for all zones. It is global in scope, and yet it is
precise enough to satisfy artillery requirements.

The Military Grid Reference System is designed for use on maps
with Universal Transverse Mercator (UTM) and Universal Polar Stereo-
graphic (UPS) grids. The Universal Transverse Mercator is a confor-
mal or orthomorphic projection which correctly represents the shape
of smaller geographic features at the expense of changing scale over
large tracts of land and bodies of water. This type of projection
best meets the needs of military use between 80° north and 80° south
latitudes. An azimuthal map projection has characteristics that are
desirable for mapping polar areas and for construction of air distance
charts; thus the Universal Polar Stereographic grid, which is one
such azimuthal projection, is employed by the military in the polar
regions.

Using these UTM and UPS projections the world is divided into
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large geographical areas extending 6° in longitude and 8° in latitude.
They are identified by a unique two character grid zone designation.
The grid zones are subdivided into 100,000 meter squares and each
square is assigned another two character identification. Geographic
references within these 100,000 meter squares are given to the desired
accuracy in terms of the E (east) and N (north) grid coordinates of
the point. Ordinarily, a reference is expressed only in numerical
terms. When reporting beyond a 100,000 meter square, however, the
numerical reference is prefixed with the 100,000 meter square identi-
fication consisting of two letters. When reporting beyond the 6° by
8° geographical area, the reference is prefixed with the grid zone
designation consisting of one number and one letter.

The basic unit of measure in the Military Grid Reference System
is the meter. Grid intervals of 1,000 meters are applied to large
scale maps (1:25,000 and 1:50,000). Grid intervals of 10,000 meters

are applied to medium scale maps (1:100,000 and 1:250,000).

Grid Zone Designations. Between 80° north and 80° south, the columns

of the quadrilateral zones 6° wide are identified by UTM grid zone
numbers (See Figure 5.2). Starting at the 180° meridian and proceed-
ing easterly, the columns are numbered 1 through 60 consecutively.

The rows 8° high are identified by letters. Starting at 80° south and
proceeding northward to 80° north, the rows are lettered consecutively

C through X (with the letters I and O omitted).
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100,000 Meter Squares. Columns of squares are identified by letters.

Rows of squares are also identified by letters (See Figure 5.3).
Starting at the 180° meridian and proceeding easterly along the equa-
tor—for.182, the. 100,000 meter._columns. (including.partial.columns
along grid junctions) are consecutively lettered A through Z (I and
O omitted) reading from south to north. This partial alphabet repeats
every 3,000,000 meters. North of the equator, lettering starts with
A at the equator in odd numbered UTM zones, and with F at the equator
in the even numbered zones. The resultant staggering lengthens the
distance between 100,000 meter squares of the same lettered identifi-
cation. South of the equator, the 100,000 meter letters also read
from south to north, complementing the letters above in any one par-

ticular zone.

Polar Designations. The north pole is divided into two parts by the

180° and 0° meridians. The west half is given the grid zone designa-
tion Y; the east half is given the grid zone designation Z. Similar-
ly, the south polar area is divided into two parts by the 0° and 180°
meridians. The west half is identified as A; the east half is iden-
tified as B (See Figure 5.4). The 180° - 0° meridians coincide with
a 100,000 meter north and south grid line, and the 90° - 90° meridians
coincide with a 100,000 meter east and west grid line. In the half
of the area identified by the grid zone designation Y or A, the
100,000 meter columns are labeled J through Z, consecutively, from

left to right. In the half identified by the grid zone designation
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Figure 5.3 The Military Grid Reference System
100,000 Meter Square
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Z through B, 100,000 meter columns are labeled A through R, consecu-
tively, from left to right. In both cases the letters I and O are
omitted. To avoid duplicating the 100,000 meter squares in adjoin-
ing UTM zones, the letters D, E, M, N, V, and W are also omitted.

A full military grid reference is cited as a continuous series
of numbers and letters without spaces, parentheses, dashes, or deci-
mal points:

3PWN. . . . . locates a point within a 100,000 meter square

3PWN55. . . . locates a point within a 10,000 meter square

3PWN5354. . . locates a point within 1,000 meters

3PWN539544. . locates a point within 100 meters

The Military Grid Reference System (sometimes called the Univer-
sal Transverse Mercator System) is also used in the National Location
Code (See Section 3.2), Statistics Canada's Geographically Referenced
Data Storage and Retrieval System (See Appendix B) and approved by

the American National Standards Institute (See Section 2.5).

References:

U.S. Department of the Army, and U.S. Department of the Air
Force. The Universal Grid System. TMS-241 to 16-1-233.
Washington, D.C.: U.S. Government Printing Office, 1951.
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5.3 THE SMITHSONIAN INSTITUTION

The Smithsonian Institution's Information Systems Division in
cooperation with the National Museum of Natural History has, over the
past six years, developed a comprehensive computerized system for
museum data processing. One of the basic problems involved in the
development and implementation of this system was that of geographic
notations or geocoding. Traditionally, scientists of the biological
community have used latitude and longitude coordinates, Marsden Squareéw
or simply the name of a geographical or a geopolitical area for
reporting the location at which a specimen is collected. Thus, the
approach taken by the Smithsonian involved: 1) the creation of the
Global Reference Code (GRC) to interrelate the various location re-
porting techniques; 2) the development of procedures for automatic
updating of specimen records to include the appropriate GRC; and 3)
the development of mathematical techniques to retrieve data on geo-

graphical areas of arbitrary shape or size.

5.3.1 Global Reference Code

The Global Reference Code is an internal computer code devised
to interrelate the various location reporting techniques used by

scientists in the musuem community. The GRC is based on a hierarchy

1a system of numbered areas each 10° latitude by 10° longitude,
based on the Mercator projection, and used chiefly for identifying
geographic positions and showing distribution of worldwide oceanogra-
phic and meteorologic data on a chart. Each square is subdivided into
100 one degree subsquares which are numbered from 00 to 99 starting
with 00 nearest the intersection of the equator and the Greenwich
meridian. The system was introduced in 1831 by William Marsden, an
Irish orientalist.
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of grids that can be mathematically related to other systems such as
latitude and longitude or Marsden Squares. Each area referenced is
designated as a subset of larger areas by the positional notation
inherent in the code.

There are two first level grids labeled 00 and Ol which divide
the earth's surface into cells measuring 180° by 180°. A mercator
projection of the globe is used to estabiish the guidelines of longi-
tude and latitude. At the second level, each 180° cell is divided
into a 6 by 6 array of 30° cells (See Figure 5.5). At the third level,
each 30° cell is divided into a6 by 6 grid so that each cell will be
exactly 5°on a side. The fourth level is a 5 by 5 array of 1° cells, the
fifth level is a 6 by 6 array of 10' cells, and the sixth level is a 5

by 5 array of 2' cells.

Grid Level Array Size Cell Size
1 6 X6 180° X 180°
2 6 X6 30° X 30°
3 6 X 6 5 X 5°
4 5X5 1°x 1°
5 6 X6 10' X 10°'
6 5X5 2''x 2!

Each cell is referenced by its row and column designations. To
reference a particular cell of the smaller set, a positional notation
is imposed in which the label of the cell of the larger set is written
first with the labels of the smaller set placed to the right. The
division of cells may be repeated to any number of levels, and sub-
scripts are used to distinguish the cells of each level. The first
level would be referenced as 0, 0. and a cell at the second level
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would be 0l Ol 22 02. The GRC coordinates represent the distance
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from the two axes, the 90° N latitude (north pole) and the 0° meridian.

5.3.2 Location Input Thesaurus

When coordinates of latitude and longitude or Marsden Square
codes appear on a specimen record, mathematical functions transform
the expression into a Global Reference Code. If a verbal expression
of locality is all that appears on the specimen record, the computer
system checks the Location Input Thesaurus of previously encountered
expressions for a precedent to enable automatic processing of the
record. If matching verbiage is found, the associated Global Refer-
ence Code is placed into the specimen record. However, if matching
verbiage is not found in the thesaurus, the verbal expression on the
specimen record is placed into the thesaurus as an "account receivable."
The use of this term implies that support personnel will have to re-
solve the discrepancy of location manually.

The system can be instructed to retain in the thesaurus those
expressions known to be valid. Availability of direct access storage
controls the number of items contained in the thesaurus. The choice
of items is controlled by the popularity of the item as determined
by a frequency count maintained by the system. Although the thesaurus
cbviously can never completely automate all location identification
procedures, as the thesaurus builds up, fewer and fewer verbal expres-

sions require human attention.

255



5.3.3 Selgem Data Retrieval

Selgem is an acronym derived from SELf-GEnerating Master. It is
a generalized system for information storage, management, and retrie-
val especially suited for collection management in museums. It ad-
dresses the needs of the museum where collections grow rapidly, in
that the system offers the ability to adjust a record's length, con-
tent, and format on a spontaneous basis and accomodates unanticipated
data without reprogramming. Modularized components provide a choice
according to budget and need among various levels of sophistication.

Selgem provides a special retrieval capability with respect to
a geographic location which involves the retrieval of records having
an expressed locality that falls within any polygon defined at retrie-
val time in terms of latitude and longitude, Marsden Squares or
other reporting schema relatable in a mathematical sense to latitude
and longitude coordinates or the Global Reference Code. An area of
virtually any size or shape may be delimited by the user as a sector
of interest, and records with coordinates within the sector will be
retrieved. The user must supply the latitude and longitude points
which, when connected by straight lines, bound the area of interest.
The polygon created by connecting the points must consist of between
three and eight sides and it must be convex (See Figure 5.6).

Convex polygons are used to describe planar areas in the Selgem
retrieval system because it is possible to devise a simple algorithm
for determining whether or not a point lies within such an area.

By convention, the vertices of the convex polygon are numbered sequen-
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tially in a clockwise direction the beginning point of which is arbi-
trary. The slopes are calculated once during the initial phase of

the query process and are available thereafter. A linear function
test is applied to each polygon side to determine if the point lies
inside the polygon. If the test fails for any line, testing is ter-
minated and the point is rejected. Conversely, if all tests are suc-
cessful the point is accepted. The linear constraints used in this
testing process apply only to the convex polygon and are not satisfac-
tory constraints for the general polygon.

The retrieval can be made as accurate as desired by increasing
the number of points that bound the area of interest. The lines drawn
from point to point form a large general polygon which can be broken
into smaller convex polygons. Retrieval of specimen data is effected
when the location coordinates of the data lie within one of the convex
polygons. The convex polygons need not be adjacent to one another.
They may be completely separated (as in the case of polygons describ-
ing the Hawaiian Islands). Selgem geographic retrieval system allows
each individual user to describe his own geographical area of interest
which may range from a section of a state, a whole state, a river
basin or a large regional area.

Due to the fact that short term payoff failed to justify costs
in terms of computer time and personnel time, further development
and use of the Input Location Thesaurus has been deferred by the
Smithsonian Institution. Therefore, currently, geographical nota-

tions on specimen records are, when possible, converted directly to
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latitude and longitude coordinates rather than the Global Reference
Code. The Selgem system for information management, however, has
gained widespread acceptance in the museum community. At the Smith- |
sonian, Selgem is used by the National Museum of Natural History,

the Bicentennial Inventory of American Paintings, the Oceanographic
Sorting Center, the National Collection of Fine Arts and the Office

of Environmental Sciences. 1In addition some 100 persons at 36 museums,
universities and institutions across the United States have adopted

the Selgem system.

References:

Creighton, Reginald A. and Piacesi, Dante. "An Approach to the
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5.4 GEO-CODE

Geo-code is a geographic reference system designed by a biologist
named._Sydney W. Gould during_the 1950's. The svstem was developed
specifically as a machine readable shorthand to describe the location or
range of plant and animal species in scientific monographs, manuals
and indexes. The code is a four letter designation which hierarchi-
cally identifies a small geopolitical area within a succession of
larger geopolitical or geographic divisions. In the United States,
for example, a Geo-code identifies a county within a state, within
a group of states, within the United States, within the North Ameri-
can Continent or Western Hemisphere.

Conceptually the Geo-code system is based on a set of four major
grids each with an overlay grid. The basic grids divide the surface
of the globe into successive blocks consisting of sixteen parts so
that the fourth grid areas are equivalent to a small geopolitical sub-
division such as a county. Since the surface of the globe contains
about 197 million square miles, of which 140 million is water and 57
million is land, the area of the some 65,000 spaces in the fourth Geo-

code grid equals about 1140 square miles.

Grid 1 16 16 cells
Grid 2 16 X 16 256 cells
Grid 3 16 X 16 X 16 4,096 cells
Grid 4 16 X 16 X 16 X 16 65,536 cells
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In all four of the basic Geo-code grids each cell is represented
by one of the last sixteen letters of the alphabet, K through Z. The
overlay grid of each level consists of nine parts represented by the
letters A through I. The letters of the overlay grid represent two
or more cells of the base grid hierarchically. For example, in the
first Geo-code grid the letter C includes the areas covered by both
the N cell and the R cell of the base grid, thus C represents Asia;
the letter B includes the area covered by overlay grid cells A and C,
and thus represents the Northern Hemisphere; the letter F includes
the area covered by overlay grid cells C and I, thus F represents the
Eastern Hemisphere; the letter E represents all the other letters

of the overlay and the base grid, hence the globe is coded EEEE.

E E=A+C+G+I=B+H

| o
n
@
+

= A+
D| F
=C+1I
Al cC A=K+L+0+P
C=M+N+Q+R
G=S+T+W+X
G I I=U+V+Y+2
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The first Geo-code grid includes the entire surface of the globe
divided into sixteen parts. Since the United States occupies one
entire cell (0) of this grid and uses all of the subsequent subdivi-
sions of that cell, it is coded OEEE. The second Geo-code grid sub-
divides one cell of the first grid into another sixteen parts. Thus
the United States is subdivided into sixteen cells composed of two
or more states (with the exception of one cell containing only one
state, Texas). The third Geo-code grid subdivides the group of states
contained in a cell of the second grid into single state blocks which
generally occupy more than one of the sixteen available cells. There-
fore the third letter of the Geo-code for states of the United States
is usually a third level overlay grid designation which indicates
the fact that one state occupies more than one cell of the third Geo-
code base grid. The fourth Geo-code grid divides each cell of the
third order base grid into sixteen additional subcells, each of which
consists of a whole county (See Figures 5.7 and 5.8).

Geo—-codes have been assigned to the second level grid subdivisions
of all major oceans illustrated in Figure 5.9. The horizontal boun-
daries are parallels of latitude, and vertical boundaries are meridi-
ans of longitude based on the Universal Transverse Mercator Projection.
All Geo-codes relating to the ocean end with the letter J.

Although Geo-code boundaries are generally designed to represent
geopolitical boundaries for practical reasons , the primary reference
is to a grid cell area of land or sea. Reference to a geopolitical

area such as county or state is really only secondary. A good example
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Figure 5.8 Geo-Code Grid Three and Grid Four
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of this dichotomy is the Geo-codes for the State of Alaska, which is
politically part of the United States (OEEE) but the land area is in
Canada (KEEE) if Canada is considered not as a country but as the
northern part of North America. Thus the Geo-code for Alaska is KKEE,
not OEEE. This distinction is even more evident in the Aleutian
Islands, which is a named political division of Alaska, one part of
which is on the mainland, but the other part, the islands, stretches
a long way westward in the Pacific Ocean, therefore this part of the
Aleutians bears an oceanic geo-code, SMDJ.

By prefixing a numeral to the Geo-code of a county the major
cities within it may be given a unique identification and such pre-
fixes have been assigned to cities in the United States and Canada
having a population over 100,000 (See Figure 5.10). Furthermore,
the application of suffix numerals has been suggested for use in
museums to locate the room, display, case or bin in which artifacts
may be found or to express a third dimension below the earth's sur-

face such as geological strata or ocean depths.

References:

Gould, Sydney W. Geo-code. Volume I, West Edition, New Haven,
Connecticut: The Gould Fund, 1968.
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5.5 STATE PLANE COORDINATE SYSTEMS

The State Plane Coordinate Systems devised by the United States
Coast™and~Gevdetic Survey=in—1934=are=a~set~of=plane=coordinate=grid
for states or state sections of the continental United States (See
Figure 5.11). They are especially designed for use in local land
surveys because the curvature of the surface of the earth is so slight
that relatively small areas of land may be regarded as plane surfaces
without the introduction of major distortions. Thus, a location with-
in a local reference grid may be defined accurately by simple X Y
coordinates measured in linear units from selected origins.

As with any plane rectangular coordinate system, a projection
employed in establishing a state coordinate system may be represented
by two sets of parallel straight lines, intersecting at right angles.
One set of these lines is parallel to a meridian passing approximately
through the center of the area. .he grid line corresponding to that
meridian is the axis of Y. Forming right angles to the axis of ¥ and
to the south of the area shown on the grid is the axis of X. The
position of a point represented on the grid is defined by stating the
distance from each axis in feet. The X coordinate reading gives the
position in an east-west direction and the Y coordinate reading gives
the position in a north-south direction. All X coordinates in an
area represented on a state grid are made positive by assigning the
origin of the coordinates: X = 0 plus a large constant. Foxr any

given point, then, the X coordinate equals the value of X adopted
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for the origin, plus or minus the distance (Xl) of the point east or
west from the central meridian (axis of X).

The coordinate grids of the state plane systems are limited to
a=wi:dth-of-158-milesy=and-they=are=-always-superimposed-upon—a-conformal
map projection. This insures that angles are preserved and that the
deviation between grid and geodetic lengths will be maximum along
the margins of the longer dimensions of the grid and midway between
those margins; along the margins, the grid length of a line will be
greater than its geodetic length; along the center line the geodetic
length will be greater. Between these limits are two lines along

which grid and geodetic lengths are equal. These are lines of exact

1/34000 scale too large 42 05 |
U
scale exact 41 52 |
1779000 scale too small 4 42
1/59000 scale too small 4132 |
1/ 79000 scale too small % hw 41 22
S
\ j scale exact 4112
v
1738000 scale too large 41 00
7230 73(00 7230 7300
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scale. When the width of an area covered by a single grid is 158 miles,
the extreme difference between geodetic and grid lengths will be
1/10,000 of the length of the line which is the maximum tolerable

limit of distortion error for property survey.

While a width of 158 statute miles was adopted as a standard in
devising the state coordinate systems, departures from that width have
been made where geographic conditions necessitate. If the width of
a state is less than 158 miles, the width of the grid is decreased,
and the effect of the scale factor thereby also decreases. Where a
state is too wide to be covered by a single grid, it is divided into
belts, called zones, for each of which a separate grid is adopted.

The boundary lines between zones follow county lines.

As some states or zones have a width or smaller dimension extend-
ing in a north and south direction and others may have a smaller
east and west dimension, two forms of geographic map projection
serve as the foundation of the state coordinate system. For an area
of small north and south dimension, the Lambert Conformal projection
with two standard parallels is used. For an area of limited east
and west dimension, another conformal projection, the Transverse
Mercator projection is employed.

Plane coordinates present no serious computational problems as
long as all points considered lie in the same local grid. However,
points in different state plane grids must first be converted to
latitude and longitude and the relationships to points in other state

plane grids computed through the use of the applicable elliptical
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equations. In order to facilitate this procedure and help to unify
the system of disparate local grids at a national level, the Coast
and Geodetic Survey has calculated and compiled a series of conversion
tables based upon the national triangulation network.l These tables
provide a link between each local grid and any of the thousands of
national triangulation monuments for which geodetic position data
have been established. Thus, any point within a local system can be
assigned longitude and latitude readings simply by calculating its
relationship to the local triangulation monument.

Laws establishing the State Plane Coordinate Systems as official

land survey standard have been adopted in the following 25 states:

Alabama Maryland Oregon
California Massachusetts Pennsylvania
Connecticut Minnesota Rhode Island
Delaware Nevada South Dakota
Georgia New Jersey Tennessee
Indiana New York Texas
Louisiana North Carolina Vermont
Maine Ohio Virginia
Washington
1

Triangulation is a method of surveying founded in the trigono-
metrical proposition that if three parts of a triangle are known, the
other three parts may be cbtained by computation.
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5.6 UNITED STATES PUBLIC LAND SURVEY

The United States Public Land Survey, which was authorized by
the-Contimental-Gongress=in=1785;—is=a-system-of-rectangular-grids-by
which the land owned or controlled by the federal government was sub-
divided for administration, survey, and transfer of title under the
public land laws of the United States. It included lands turned over
to the federal government by the colonies or states, and those larger
areas that were acquired later by purchase or treaty. The survey was
required by the Ordinance of 1785 and began at the western boundary
of Pennsylvania extending westward. It has been established at least
partially in all states except the thirteen original states, Vermont,
Maine, Kentucky, Tennessee, West Virginia and Texas.

The public land survey system is a grid of north-south lines
(meridians) and east-west lines (parallels) intersecting at right
angles so as to form grid zones six miles square. These zones are
known as townships. Each township is uniquely identified by a range
and township number consisting of six characters,l (letter-number-
letter-letter-number-letter). Range numbers are assigned to each
grid zone east and west of a selected meridian called the principal
meridian. Township numbers are assigned to each grid zone north and

south of a selected parallel called the base line. There are 35

1rn order to identify a township uniquely, this six character
code must be prefixed by some form of principal meridian identifica-
tion. Also in some cases town and range numbers may exceed 9, thus
requiring more than 6 characters as in the Northwestern corner of
North Dakota.

274



designated prinicpal meridians and 32 designated base lines in the
survey system (See Figure 5.12)

Governing lines, designated as guide meridians and standard or
correction parallels, are established as reference lines for the exten-
sion of the survey. Guide meridians are established at 24 mile (four
township) intervals to the east and west of the principal meridian.
Standard parallels are established at 24 mile (four township) inter-
vals to the north and south of the base line. The distortion caused
by convergence of the meridians at the pole is taken into account by

célculating the necessary adjustments at each standard parallel.
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Figure 5.13 United States Public Land Survey Townships
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Townships are subdivided into 36 sections 1 mile square (640 acres)
which are arranged in six tiers of six sections. They are numbered
from 1 to 36 beginning at the northeast corner east to west, west to

east, east to west, etc., and ending at the southeast corner. Sections

dre dividedTimTie guarter sections of 120~ acfes each, and quarier sec-
tions are then divided into quarters of 40 acres each (See Pigure 5.13).
Thus, any 40 acre lot covered by the United States Public Land Survey
may be uniquely identified in the following manner: SW Quarter, NE

Quarter Section of Section 30 in R2W, T3N.l

References:

2nd edition. Indianapolis: The Bobbs-Merrill Company, 1939.

lThere are exceptions to this numbering system, chiefly in Ohio
and other areas that were surveyed in the early years of the U.S.
Public Land Survey.
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5.7 AMERICAN TELEPHONE AND TELEGRAPH

Since 1960 the Bell Telephone System has been using a method known
as the Verticle-Horizontal Coordinate System to determine airline rate
mileage for message and private line telecommunications services. Prior
to this time, message rate mileage was determined from a rectangular
grid overlaid on a map of the United States by measurement between the
centers of 7 mile squares (blocks) or, for distances over 350 miles,
between the centers of 35 mile squares (sections). The blocks and sec-
tions were identified by an arbitrary alphanumeric coding scheme and
precomputed tables were used to determine distance between blocks or
sections. Private line channel mileage was determined by direct scal-
ing from a master map.

The V-H Coordinate System is a grid devised for the North Ameri-
can Continent based on the Donald Elliptic projection. This projection
is essentially a modification of a two point equidistant projection.
The two selected reference points are on a line running approximately
through the center of the United States. The center is on the 97° W
meridian and the reference points are 0.2 radian or 792 miles distant
from the center. In this V-H coordinate system, the origin is at the
east reference point and directions north and west of the origin are
given a plus sign. These two point equidistant V-H coordinates were
translated into final V-H coordinates by several operations involving
a shift of origin, rotation of axes, inversion of the V axis, a unit

conversion factor, and finally, an overall 0.3% shrinkage of scale.
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It is this final shrinkage of scale which changes the projection from
a true two point equidistant projection to one which has been termed
an elliptic projection. East-west along the Canadian and Mexican bor-
ders the scale error is only +0.3% scale error east-west across the
center of the United States.

The final V-H Coordinate System is a square grid numbered 0 to
10,000 from north to south on the vertical axis and east to west on
the horizontal axis (See Figure 5.14). One V or H unit is approximate-
ly 1,670 feet long and one V~H square covers an area of one tenth of
a square mile. V and H coordinates are calculated from the latitude
and longitude of the point selected as the measuring point for each
telephone exchange area involved.

Precomputed tables of data for calculating the coordinates yield
answers to three decimal places. For operational use the coordinates
are rounded to the nearer integer.

Rate mileage for private line channels are determined by a look-
up of the V-H coordinates of the two rate centers involved, calculation
of the differences, V2 - V1 and H2 - Hl and then solving the resulting
right triangle. The hypotenuse is the airline rate mileage between
the two points.

Determination of message rate mileage is carried out in generally
the same manner but with an additional mathematical adjustment which
maintains a degree of parity with mileages determined from the former
block and section system. Precomputed tables have been prepared to
enable operating personnel to go directly from the coordinate dif-

ference to a rate, to mileage or to an index number.
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Company, 1968.

282



5.8 RAILWAY EXPRESS AGENCY

The Railway Express Agency (REA) is a small shipment common car-
rier which maintains 2,386 offices and terminals in the United States
and provides multimodal transportation service to both foreign and
domestic locations. It has devised a system of geographic reference
for locations in the United States which consists of an arbitrary grid.
The grid is composed of two sets of parallel lines which intersect at
right angles. One set of lines runs in a north-south direction, and
the other set of lines runs in an east-west direction across the
United States. This grid has no relation to the geodetic grid; it is
simply a network of lines superimposed upon a map of the United States
for the purpose of subdividing the areas into easily referenced units.

The base unit defined by the intersection of these grid lines
is an area called a railblock. Each railblock is sixty-nine miles
long and fifty miles wide. The entire grid system is composed of 25
units north to south and sixty units east to west. The code number
assigned to each railblock consists of three or four digits. The
first two positions are taken from the vertical scale (1 - 25) and
the last one or two digits are taken from the horizontal scale (1 - 60).
Out of the 1,500 possible railblock designations in this grid, there
are actually 903 railblocks covering the United States (See Figure 5.15).

An air zone is composed of two contiguous railblocks. Each
zone measures 138 miles north-south by 100 miles east-west. They

are numbered serially from 1 to 44 beginning at the northwest corner
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of the United States across the nation in tiers to the southeast
corner. The code for air zones has no relation to either the verti-

cal or horizontal railblock scales.

References:

Miano, G. T. Railway Express Agency, New York. Interview, 1971.
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5.9 LINEAR GEOGRAPHICAL CODE

The linear geographical code is a grid based global geographic
reference structure desianed for the aggregation, processing and
analysis of data in corporate information systems. Conceptually the
linear geographic coding system is very similar to the Global Refer—
ence code of the Smithsonian Institution (See Section 5.3) and the
Geo-Code system designed by Sydney Gould (See Section 5.4). It is
a grid-in-grid structure focusing on the spaces defined at certain
levels by lines of latitude and longitude.

In the linear geographical coding system the surface of the
globe is subdivided by grids into masses, zones, spaces, areas and
spots. The first order grid defining masses contains eight cells
coded east to west around the world starting at the South Pole.

Each cell is 90° by 90° (See Figure 5.16). Zones are defined in the
second order grids which contain a 9 by 9 array of 10° cells. At the
third grid level 1° spaces are defined by subdividing the second order
10° cells in a 10 by 10 array. The decimal grid is maintained at the
fourth and fifth grid levels so that areas are defined as cells measur-—
ing 36" by 36". Each cell within these grids is identified by a two
digit number. The first digit indicates location in the vertical or
north-south direction and the second digit provides the east-west or

horizontal reference,
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Grid Level Area Name Array Cell Size

1 Masses 4 X 2 90° X 90°
2 Zones 9X 9 10° X 10°
3 Spaces 10 X 10 1° X 1°
4 Areas 10 X 10 6' X 6!
5 Spots 10-X-10 6" X 36"

The grid-in-grid arrangement of the linear geographical coding
system telescopes very rapidly from large 90° cells to very small 36"
cells.l Application of this system on a worldwide or national scale
to identify individual cities or place locations would not require the
use of the fifth order grid because of the extremely small cell size
at this level. However, in the metropolitan and urban application of
linear geography the fifth order grid can be used to code single
blocks or buildings.

Although the linear geographical coding system is based upon geo-
graphic subdivisions defined by regular grids and conforms with lines
of latitude and longitude at various intervals certain applications of
this code may require the realignment of the grid structure. As in
the Geo—Code system, the grids can be altered to accommodate irregular
areas such as states, counties or other geopolitically delineated
entities. Furthermore, at a national or regional level very fine
grain dimensions of the fifth level grid permits the use of each cell
almost as a point reference. For example, the boundaries of a large
city could be defined in terms of a set of fifth level grid cells out-

lining the area.

lIn comparison the six level grid-in-grid system of the Global
Reference Code begins with 180° cells and extends downward to cells
measuring 2' X 2' (See Section 5.3).
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The major advantage of linear geography and all other grid and
coordinate coding structures is that the code not only uniquely iden-
tifies a given entity but reflects spatial relationships among the
entities coded and can be manipulated mathematically to perform a

number of distance and areal calculations.

References:

Kallab, Jiri. "Linear Geographical Code for Management Informa-
tion Systems." New York, N. Y.: Artronic Information
Systems, Inc., 1972,
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CHART 1

GEOCODING SYSTEMS SUMMARY

Section System Code Indication Code Structure
. The basic five digit FIPS code identifies a county or state(2)
2.1 Federal' e on 25025 1120 county equivalent within state; four additional digits county (3)
Processing Standards qualify the county as part of a designated SMSA SMSA (4)
The basic nine digit GSA code identifies a place within state(2)
General Services 250250140 a county within a state; code assignment is worldwide county (3)
2.2 Administration with an orientation towards military installations and place (4)
other federal property
. . The basic nine digit IBM code identifies a place having state(2)
2.3 Ifmterr.xatlonal Busn:xess 200250100 a population of 2,500 or more as of 1960 within a county county (3)
!lachines Corporation e place{4)
The basic nine digit Dun code identifies a place within state(2)
a county within a state; code assignment includes places county (3)
2.4 Dun and Bradstreet 410894863 in Canada and reflects population density and business place (4)
activity; three additional digits gualify the place as SMSA (3)
part of a designated SMSA
. . The basic seven digit ANSI code identifies a place with- state(2)
2.5 e —— Natu.)nal 0110510 in a state; code assignment covers eighteen possible place (5)
Standards Institute place types including unpopulated locations
ey state (2
The basic six level Census code identifies an enumer- count)(((;)
2612109523 ation district within five other levels of geostatis- MCD/CCD (3)
1.1 Bureau of the Census 4500221404 tical and geopolitical entities; in 1970 there were place (4)
about 250,000 enumeration districts in the United
tract(4)
States ED(4)
The first seven digits of the NIC code identifies a region (1)
National Location county within a county cluster within a state and state(l)
3.2 gode 44200520022 region; the last four digits of this code identify one area(4)
of 43,000 designated standard location areas in the county (1)
United States SLA(4)
The four character Geoloc code identifies a place of
3.3 Geclocation Code AALS significance to the Department of Defense; code place(4)
assignment is worldwide and oriented to military use
3.4 Waterborne Commerce 0716 The four digit U.S. Army Corps of Engineers Code division(2)
: Statistics identifies a division and waterway waterway (2)
1.5 Federal Aviation BOS The three character FAA code identifies major airports, airport (3)
* Administration heliports, or seaplane bases in the United States 3
region(l)
. The six digit SPIC number identifies a location of state/state section{l)
Standard Point e o . A A A
1.6 Location Code 142117 significance to the trucking and railroad industries county group(l)
within a geopolitical hierarchy county/county section(1)
place(2)
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CHART 1
GEOCODING SYSTEMS SUMMARY (CONTINUED)

Saction System Code Indication Code Structure
The ten digit PICADAD code of the Transportation region(l)
Division, Bureau of the Census, identifies one of state(2)
2.7 PICADAD 4120533748 56,000 designated key points within a county, state county (3)
and region key point(4)
Federal Highway This four digit FHWA code identifies a county within state(2)
i.8 s . 1010 A county cluster(l)
Adninistration a county cluster within a state
county (1)
This three digit code identifies an SMSA or other non-
National SMSA county cluster of relatively homogenecus socio-
3.9 Transportation Zones 014 economic characteristics; code numbers 514 through 533 zone (3)
P designate one of the ten highest U.S. ports ranked by
foreign tonnage
3.0 Federal Railroad ADM The three character Amtrak code identifies major station (3)
° Administration passenger railroad stations in the United States -
The five digit ZIP code of the U.S. Postal Service region(l)
4.1 2IP Code 02120 identifies a post office or post office branch within section(2)
a postal section and region of the United States office(2)
The four digit water resources region and subarea code
0201 identifies a county cluster drained by reach of a river |water resource region(2)
4.2 later Resources within a larger drainage system region; the five digit water resource subarea{2)
‘ Council land resource group and area code identifies a county land resource group(2)
65142 cluster area of homogeneous land patterns within larger [land resource area(3)
land resource regions
The first two digits of this code identifies one of ten
. groups of states designated as standard federal regions;
4.3 offxc:n:fstlgn:?:ement 011120 the last four diqits identifies a county or county ;:g;?:;)(l)
g cluster designated as a standard metropolitan statistical
area
Economic Development This EDA code identifies a group of counties designated region(1)
4.4 L oP 835010 as an economic development district within a state and state(2)
Administration : :
a region district (3}
This three digit BEA code identifies one of 173 desig-
4.5 Bureau of Economic 151 nated economic areas in the United States conforming to area(3)
. Analysis county boundaries and delineated on the basis of central
place theory
This three digit code identifies one of 136 marketing
. areas which conform to county boundaries and which were
4.6 21D Marketing Areas 040 delineated on the basis of three digit level ZIP code area(3)
sections and areas of dominant influence
Foreign Trade 'r).\i? four digit code est:ablisheii by the Foreign 'rrfde‘ district(2)
4.7 Statistics 0401 Division, Bureau of the Census identifies a port within rt(2)
a U.S. customs district po
Interstate Commerce This two digit number identifies one of five major
4.8 Commission 12 freight rate territories or seven border territories territory(2)
i defined by ICC for the waybill statistical series
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CHART 1

GEOCODING SYSTEMS SUMMARY (CONTINUED)

Section System Code Indication Code Structure
This two digit number identifies a cluster of core and
Institute for Defense contiguous counties designated by IDA to represent the
4.3 Analyses 29 distribution of percentage levels of the total U.S. county cluster(2)
population ranging from 20% to 60%
N . . . . . degree(2) (2)
tif: :
o | oetetic tongituae | gz | Cootdinates of dongieude d datinde sdentity s peint | i) o
2 and Latitude 71°05'45"E Ehlet) second (2) (2)
and seconds , h
direction(l) (1)
grid zone(2)
5.2 ‘lilitary Reference IPWNS 39445 The UTM code locates a point within 100 meters on a 100,000 meter square(2)
=5 Grid : plane grid covering the entire globe X coordinate(3)
Y coordinate(3)
grid 1 (2)
Glabal Reference This code identifies a location within a two minute g:ig § g;
5.3 eLerenc 013122435143 square of longitude and latitude within six levels gr
Code of grids covering the globe grid 4 (2)
grick 9 g grid 5 (2)
grid 6 (2)
This code identifies a geopolitical subdivision of grid 1 (1)
3.4 eo-Cod OPKZ the world or a subdivision of the oceans of the grid 2 (1)
h ’ € world within a series of four grids conforming grid 3 (1)
generally to geopolitical boundaries grid 4 (1)
= - These coordinates locate a point on a plane grid .
3 37o. .
3.5 “oc:;;:x:gt:l:n:tems 672 242 covering a state or state section; error does not ;( cmrg%nateg;
- v . exceed one part in 10,000 cograinate
United States This code locates a 40 acre "quarter" within a "guarter :ow?hl[‘:z()s)
5.6 Public Land Surve T3NR2N17NESY | section" (120 acres), a "section" (640 acres) and a :C e tion(2)
Y "township" (6 square miles) quarter section
quarter (2)
American Telephone 4422 These coordinates locate a point within one-tenth of v ainate (4)
5.7 and Telegraph 1249 a square mile on a plane projection covering the United H coordJ'.nateM)
V-H System States and Canada coordinate
5.8 Aailway Express 4750 This code locates an area 69 miles long and 50 miles railblock row(2)
& Agency wide on a random grid covering the United States railblock column{2)
masses (2}
. This code identifies a location within a 36 second zones (2}
Lir Gi
5.9 mearco;z:graphlcal 1108213562 square of longitude and latitude within a hierarchy spaces (2)
of grids covering the globe areas (2)
spots (2)

JOTZ: For the sake of brevity this summary includes only the basic or unique codes within each system.

in the code structure column indicate the number of digits required at each level of the code.
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CHART 2
GENERALIZED HIERARCHICAL RELATIONSHIP OF VARIOUS GEOCODING SYSTEMS

United States GRIDS
l Lati;udo
mﬁﬁﬁﬁéé@ﬁ '
|
Interstate Intrastate
County Cluster County Cluster State Plane
[ | |
County
.
) @9 Gus) 6o b 6
| [
Point Place Area

Block Face

KEY

WRR: WATER RESOURCE REGIONS SPIC: STANDARD POINT LOCATION CODE

LRG: LAND RESOURCES GROUP PICADAD: PLACE IDENTIFICATION/CHARACTERISTICS AND AREA/

EDD: ECONOMIC DEVELOPMENT DISTRICTS DI D R

BEA: BUREAU OF ECONOMIC ANALYSIS ANSI: AMERICAN NATIONAL STANDARDS INSTITUTE
DOD: DEPARTMENT OF DEFENSE
IBM: INTERNATIONAL BUSINESS MACHINES

DUN: DUN AND BRADSTREET

ZIPM: 2IP MARKETING AREAS
SMSA: STANDARD METROPOLITAN STATISTICAL AREA

ICC: INTERSTATE COMMERCE COMMISSION

72: TRANSPORTATION ZONE GSA: GENERAL SERVICES ADMINISTRATION

IDA: INSTITUTE FOR DEFENSE ANALYSES ZIP: ZONE IMPRO T e

SEA: STATE ECONOMIC AREA SLA:  STAND TICH AS

FHWA: FEDERAL HIGHWAY ADMINISTRATION MCD: MINOR CIVIL DIVISION

FAA: FEDERAL AVIATION ADMINISTRATION U UNEVERSAL TRENSVERSE CATOR

FRA: FEDERAL RAILROAD ADMINISTRATION GRC: CLOBAL REFE CENCOEE

COE: U. S. ARMY CORPS OF ENGINEERS USPL: UNITED STATES PUBLIC LAND SURVEY

FTS: FOREIGN TRADE STATISTICS ATET: RI TELEPHCNE AND TELEG H
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APPENDIX A

THE NATIONAL GEOCODING CONVERTER FILE

When the U.S. Department of Transportation became concerned with
national-geocoding-systems;—the-success—of-the-urban-geocoding-pr
gram conducted by the Bureau of the Census and supported to a large
extent by DOT and other Federal agencies had already been established.
The 1962 statutory requirement for a continuing metropolitan transpor-
tation planning process, establishment of the Census Advisory Commit-
tee on Small Area Data in the summer of 1965, and the beginning of the
Census Use Study a year later, in 1966, were the prime stimuli for
the forward thrust in urban geocoding. By 1971 a fairly standardized
universe of urban geographic base files utilizing the DIME coding
system had been implemented in almost all 267 SMSAs. A battery of
DIME related computer programs, including UNIMATCH, GRIDS, CRAM and
DACS, had been developed and were available for use (See Section 3.1).

In the United States comparable incentives for the development of
national geographic base files have not existed. Indeed, national
geographic coding is characterized by that fundamental chaos that re-
sults when a multitude of special purpose systems is brought into
being by users needing to deal with the pressing urgencies of the
moment. Unlike micro-level geocoding, which has exhibited a tendency
towards standardization, uniformity and convergence of various approach-
es towards one major urban geocoding concept, macro-level geocoding

tends towards divergence, specialization, and multiplicity of structures.
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These fundamental differences in the development of urban and
national geocoding dictated the approach taken by DOT in its efforts
to achieve improvements in the utilization of national geocoding sys-
tems, Though a single, standard, DIME-like national geocoding system
would seem desirable, the extent of investments in the many existing
national systems and the lack of a geographic common denominator at
the macro-level comparable to block face at the micro-level, make the
comprehensive code approach infeasible. Therefore, DOT has focused
its efforts on the development of a geographic code conversion capa-
bility. This code conversion capability is intended to facilitate
the association of variously coded macro-level data files and to pro-
vide a flexible geographic cross referencing system for the benefit
of users.

Drawing upon recommendations made at the National Geocoding Con-
ference in 1971 and a systematic examination of existing systems, the
DOT national geocoding program was designed to center on four poten-
tial converter files, as follows:

File 1 is a county file. It contains a record for every

s . . . . .

county and county equivalent in the United States, identi-

fying for each county all major county codes and the asso-

ciated county aggregate, state or regional codes.

File 2 is a county coordinate file. This is a DIME-struc-

tured file containing "link-node" records for all county

segment boundaries in the United States. It is intended

to provide mapping and graphic display capabilities at the

county level.

File 3 is a county component file. It contains a record

for each county and county equivalent in the United States,

identifying for that county all major subcounty area,
place, point, city or location codes.
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File 4 is an international file containing the geographic

codes used to designate countries and other national entities

such as territories, zones and principalities.

File 1 and File 2 are completed and available from the Transpor-
tation Systems Center, Cambridge, Massachusetts. Feasibility studies
for the development and structure of Files 3 and 4 are now under in-
vestigation.

The two county files were selected as the initial foci for con-
verter design because a majority of the geocoding systems constructed
and operated independently in government and industry contain this
unit. The county unit is the only natural fit or linkage among these
and, as indicated earlier, below the county level there is no geo-
defined areal unit common to any substantial portion of national in-
formation systems.

In addition to its value as a "most common denominator" among
major national geographically referenced information systems, the
county unit has several other characteristics which make it suitable
to serve as the initial focus of geocoding converter design. Most
importantly, counties have an exact, relatively stable, areal geometry
with geodefinable boundaries that can be expressed as points, or nodes
and lines, or links and curves. Although File 1 of the DOT National
Geocoding Converter File is only an areal reference file, the combina-
tion of File 1 and File 2, will create the most flexible type of geo-
graphic reference system, a coordinate or point boundary system. The
computational capabilities which this system will provide include

simple but essential cross referencing by sort and print routines as
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well as more sophisticated point-in-polygon, polygon search and geo-
manipulation routines.

The fact that the county unit occupies a position mid-way in the
hierarchy of geographic units employed by macro and micro geographic
identification systems is also significant. Having established geo-
code convertibility and data manipulation capability at this level will
greatly facilitate the expansion of converter capability above and be-
low the county level. Eventually, a geocoding converter at this scale
may provide the linkage between small area data and national data sys-
tems. In the meanwhile, the county converter file will be of great
benefit to the coordination of data sets at the national, regional and
state-wide levels.

On the basis of these advantages then, county and county equiva-
lent were selected as the unit record for the National Geocoding Con-
verter File 1. It became necessary, however, to incorporate a number
of special county section units to account for certain anomalies. For
example, although Standard Metropolitan Statistical Areas (SMSAs) gen-
erally consist of whole counties, the SMSAs in New England consist of
townships that are segments of counties. In order to provide for the
geographic definition of SMSAs, which do not consist of whole counties,
and to provide for maximum conversion flexibility, SMSA county segments
were uniquely identified by an arbitrarily assigned DOT County Section
Identification Number and incorporated as separate records in the file.
The same procedure was applied to incorporate SPLC county sections and
the two sections of Yellowstone National Park located in Idaho and Wyo-

ming.
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The design of the DOT National Geocoding Converter File 1 in-
cludes a self documenting feature to explain codes with uncertain
status, codes with which there is some special problem, fields for
which no code is available and code changes over time. For example,
although the list of counties that existed in 1950, 1960, and 1970
does not vary greatly, certain county equivalents such as independent
cities are altered relatively frequently and these changes are docu-
mented on the file. Furthermore, in order to make it possible to re-
construct the exact composition of a given SMSA at any given point in
time since 1950, National Geocoding Converter File 1 contains several
fields to document the history of each SMSA. For each county, the
year of entry into the current SMSA is recorded. If that county was
once a member of another SMSA, the code identifying that former SMSA,
the year of entry into that SMSA and the year of departure from that
SMSA are also recorded. This information will enable the user to
compare accurately county and SMSA units over time.

In addition to the Federal Information Processing Standard (FIPS)
for state name, state abbreviation, state code, county name and county
code which are the key fields in the file, each record of the National
Geocoding Converter File 1 contains 61 fields, including three varia-
tions of state abbreviations, twenty-nine county and county aggregate
codes, a record serial number, four fields documenting SMSA history,
a DOT county section identifier and a DOT county type indicator. DOT
now has the software programs for updating and maintaining the file

as well as programs to obtain printouts of the file in either of two
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formats and in any sequence desired. When File 2, the county segment
file, is coupled with File 1 a very powerful computer mapping capabili-
ty is added, making it possible to associate, at the county level, data
coded to different systems, and to graphically display the distribution
of the data for counties and county aggregates.

The Office of Systems Analysis and Information at DOT views the
construction and application of the National Geocoding Converter File 1
as a first step toward solving the problems of diversely coded data
bases and meeting the needs of the U.S. Department of Transportation
and other users in government and industry for a flexible national geo-

graphic base file.
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APPENDIX B

GEOCODING SYSTEMS OF CANADA

B.1 Standard Geographical Classification System

The Standard Geographical Classification (SGC) is a system that
was developed and is maintained by Statistics Canada for the identifi-
cation and coding of geographical areas.l It consists of a heirachi-
cal set of geopolitical units, each identified by a unique code, and
a list of place names related to these units. The objective of the
system is to make available a standard set of geographical units
which will facilitate the comparison of statistics for particular
areas.

The first draft edition of the Standard Geographical Classifica-
tion manual, based on the 1961 Canadian Census, appeared in the Fall
of 1964. It was circulated as the official standard for coding,
tabulating, and publishing geographical data in Statistics Canada.

An interim edition appeared in 1968 with codes up to date as of June
1966. A second edition in 1970 provided revised codes to January
1970. A third edition was published in August 1972 with codes up-
dated to January of that year. All three of these early editions
were distributed on a limited basis and the codes were intended pri-

marily for use within Statistics Canada. However, as a result of a

lstatistics Canada is roughly the Canadian counterpart of the
Social and Economic Statistics Administration (SESA) in the United
States.
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growing number of outside users, the new SGC manual will be made avail-
able to the general public late in 1974.

The Standard Geographical Classification System is a three level
hierarchys —Each— 1EVELl {E represented by a two digit numeric code.
The highest level of the hierarchy designated by the first two digits
of the code identifies a province or a territory which are the first
order political subdivisions of Canada. The third and fourth digits
of the code identify a census division, and the fifth and sixth digits
identify a census subdivision, which is the basic building block of
the system. These six digits form the root code of the classification,
and all other codes in the system are related to it. The other codes
include designations for census metropolitan areas and census agglom-
erations, a municipality type code, a reference area code and place

names.

Provinces and Territories. Provinces and territories are coded in

the following manner:

<:> Atlantic Provinces (:) Prairie Provinces
10 Newfoundland 46 Manitoba
11 Prince Edward Island 47 Saskatchewan
12 Nova Scotia 48 Alberta

13 New Brunswick
(:) British Columbia

(:) Quebec 59 British Columbia
24 Quebec
(:) Territories
(:) Ontario 60 Yukon
35 Ontario 61 Northwest Territories
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If regional codes and codes for the territories are not required

the provinces can be numbered by only the second of the two digits.

Census Divisions.

hierarchy.

Census divisions comprise the middle level of the

They are intended to be stable over long periods of time

(30-40 years) and, therefore, useful for historical analysis of sta-

tistical series.

divisions as shown below:

at the present time there are six types of census

Bﬁ
o i
¥E} - P
§ S 5 a b
- I D S A - g
NI N I - B 4
Province or Territory g 9 -d 5 X o B
8 84 = AS] a =
Newfoundland X
Prince Edward Island X
Nova Scotia X
New Brunswick X
Quebec X X
Ontario X X X
Manitaoba X
Saskatchewan X
Alberta X
British Columbia X
Northwest Territories X
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In the eastern part of Canada the county is the main type of
census division, supplemented by districts and a territory in sparsely
inhabited areas and regional municipalities in some densely populated
areas. The first regional municipality was created in 1969, and since
then five more have been established, replacing counties and districts
in several areas of Ontario.

In Newfoundland, Manitoba, Saskatchewan and Albert%.provincial
law does not provide for areal units equivalent to counties. There-
fore census divisions have been established for statistical purposes
in cooperation with provincial authorities. In 1970 the ten census
divisions in British Columbia were replaced by a new structure of 29
regional districts designated by the province. These units were first
used for data collection in the 1971 Census and are now being used
in Census publications. The Yukon Territory forms one division by
itself, and the Northwest Territories are divided into three dis-

tricts.

Census Subdivisions. Census subdivisions are the smallest geographi-

cal units of the classification and constitute its basic building
blocks. There are two categories of census subdivisions:
~ organized (incorporated) municipalities with legally
defined boundaries, the authority to levy taxes and
some form of elected government; and
- non municipally organized subdivisions

Incorporated municipalities are created by provincial legisla-

tion, and usually come under the authority of a provincial department
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of municipal affairs. All incorporated municipalities are recognized
as census subdivisions. There are about 4,500 such incorporated
municipalities.

There are a number of different types of municipalities across
Canada. Since each province has its own municipal legislation it is
difficult to compare types of municipal organization among provinces
except in the broadest terms. For example, the township in Ontario,
the canton in Quebec, and the district municipality in British Colum-
bia are all rural municipalities, but their powers and responsibilities
for local administration differ. Nor should it be assumed that munic-
ipalities designated in the same manner in several provinces are
organized and administered in the same fashion. For example, the cri-
teria of minimum population required for the incorporation of cities
varies from province to province. Nevertheless, broad comparisons
are possible; cities are large units rarely having a population under
10,000, while most towns are in the 1,000 - 10,000 range.

Under certain conditions a municipality may be subdivided into
two or more geographical units. In twelve counties of Nova Scotia,
the rural part of each county comprises one municipality. In these
cases the municipality has been split up into a number of census
subdivisions by mutual agreement between the province and Statistics
Canada. The purpose of these units is to provide a finer areal
breakdown for statistics published by the Census of Canada. A simi-
lar situation occurs in New Brunswick and Prince Edward Island but

in these cases lots and parishes respectively take the place of cen-
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sus subdivisions. For the rural areas of British Columbia, electoral
areas were combined to form census subdivisions. In Saskatchewan a
number of rural municipalities are located in more than one census
division and are subdivided so the part in each division comprises

a separate geographical unit. The cities of Flin Flon and Lloydmin-
ster are both located in two provinces and are both split into two
geographical units, one in each province.

The sparsely populated areas of Canada, both in the provinces
and the territories, are not municipally crganized, but are administ-
ered directly by the province and territories. In many cases non-
municipal subdivisions are those parts of census divisions (counties
and districts or equivalent) which are left over after cities, villages,
various types of rural municipalities and Indian reserves have been
accounted for. In the northern areas of Quebec, Ontario, Manitoba,
and Saskatchewan, there is one such subdivision per census division.
In Newfoundland and the Territories, the unorganized part of each
census division was split up into a number of subdivisions. These
units are called subdivisions in Newfoundland and health districts
in the Territories.

The other principal type of non municipal subdivision is the
Indian reserve. These units are designated and administered by the
Federal Department of Indian Affairs and Northern Resources. Orig-
inally, Indian reserves (approximately 3,200 in number) were combined
geographically into 480 groups on the basis of a maximum of ten groups

per census division. However, in the 1974 Standard Geographical
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Classification, Indian reserve coding has been completely revised.
Reserves are grouped according to the municipalities and unorganized
areas within which they are located. There are now 280 groups. Both
in the former and the revised systems, some groups contain one reserve.
Indian settlements are grouped according to the same principles as

Indian reserves.

Census Metropolitan Areas (CMA) and Census Agglomerations (CA). Census

metropolitan areas are census geostatistical areas which have been
established for the purpose of providing statistics on a comparable
basis for all urban areas with a population in excess of 100,000.

The 1971 Census of Canada defined 22 such areas. Generally, a census
metropolitan area is made up of an urban core with a partly urban and
partly rural fringe surrounding it. The core is a continuously built
up area with a population over 100,000. It may contain one or more
municipalities. Fringe municipalities are attached to the core on
the basis of a number of criteria which measure the strength of link-
ages between the fringe and the core. The most important of these
criteria is the volume of commuting; if there are substantial num-
bers of commuters from a municipality outside the core to the core,
that municipality is considered to be part of the fringe. Another
criterion for inclusion in a CMA is the rate of population increase.
Rapid growth is characteristic of suburban municipalities which are
closely linked to large urban centers.

The Calgary and Saskatoon CMAs do not have a fringe but consist

307



of the City of Calgary and the City of Saskatoon alone. The number
of municipalities in the CMA vary from one (Calgary and Saskatoon) to
over one hundred (Montreal), but in all cases the components are
complete census subdivisions.

Census agglomerations are census geostatistical areas which have
been established for the same purpose as CMAs, but are considerably
smaller, with a population in the 5,000 to 100,000 range. A CA must
have an urban core of at least 1,000 persons plus an adjacent fringe
area of at least 1,000 persons at a density in excess of 1,000 per-
sons per square mile in a different municipality. CAs consist of
complete municipalities as well, with a few exceptions.

Census agglomerations can be subdivided into a number of size

classes. They are identified by a range of numbers in the CMA field.

Population Size Classes CA Code Ranges Number of CAs
50,000 - 99,000 040 - 099 12
25,000 - 49,000 100 - 139 26
10,000 - 24,999 140 - 199 31

5,000 - 9,999 200 - 249 10

It is worth noting that not all cities and towns in these popu-
lation size categories are CAs. For example, St. Jean, Quebec, with
a 1971 population of 32,863 is the core of a CA of the same name since
two adjacent towns meet the fringe criterion mentioned above, while
Chatham, Ontario, with a 1971 population of 35,317 is not the core
of a CA since there are no adjacent municipalities which meet the

fringe criterion. In the smaller CA categories, the number of CAs is
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only a fraction of the total number of urban centers in these size cate-

gories.

Place Names. "Place" is a general term for hamlets, settlements, local~-
ities, urban neighborhoods or subdivisions, post offices, railway stops,
airports, and geographical townships. Places are generally vaguely de-
fined small populated areas, or point locations in the case of railway
stops and post offices. The term village, when used as a place name,
usually refers to an unincorporated center in a rural area with a pop-
ulation in excess of 100 persons, occasionally reaching as many as 1,000
persons. Hamlets and settlements are small unincorporated centers with
a population of under 100 persons. Localities contain scattéred popu-
lation, usually less than 100 people, but in some cases are uninhabited.
Rural post offices are often located in hamlets or localities. The same
is true of scheduled railway stops although in some cases there is no
resident population at railway stops.

The primary source of information on rural place names are the pro-
vincial gazetteers published by the Canadian Permanent Committee on Geo-
graphical Names, Department of Energy, Mines and Resources. Each gaz-
etteer (one per province) contains a complete list of official names
for natural features and places in that province. The Standard Geograph-
ical Classification, with some exceptions, includes the names of all places
in Canada. The names of natural features do not appear in the SGC except
where some activity by man is associated with a feature. In northern

Quebec and Ontario many lumber camps and some mining operations are
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located on or near the shores of lakes, and such activities often give
the name of a lake as their location address.

The bulk of names within incorporated cities and towns represent
urban=neighborhood=ocr=subdivisionmamesTThe=former=is=ahomogensous
area with recognized social or economic characteristics or historical
associations. Urban subdivisions are similar but are located in suburban
areas. In many cases a subdivision is named by the developer or builder.
In some cases other major features of an urban area such as larger parks
are included in the SGC. Airports, which are located in an urban area
or nearby in a rural township are included as well.

All the places named in the Standard Geographical Classification
System are listed by census subdivisions within census divisions (See

Figure B.1).

The Coding System. In the Standard Geographical Classification System

codes are assigned to census divisions and subdivisions in geographical
order. The first code is assigned to the subdivision or municipality
located in the southeast or lower right corner of the division. The cod-
ing proceeds westward along the southern boundary of the division to the
east and proceeds to the eastern boundary where it turns north again,and
proceeds in the same snake like fashion. Numbers are not assigned con-
secutively, care being taken to leave digits free for new municipalities
which may be created. By this system the code number of a municipality
gives some indication of its geographical location and new municipalities

are easily accomodated. Codes which have been deleted are normally not
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reused.

The following diagram provides an example of this concept.

GOLDEN WEST

HAZELWOOD WAWKEN
WALPOLE |MARYFIELD
69 72 76
91 94
TECUMSEH BROCK Mt
MOUNTAIN ANTLER
63 58 52 47
BENSON BROWNING |MOOSE CREEK
IRECIPROCITY |SORTHOAKS
27 31 36 39 43
ES TEVAN COALFIELDS |ENNISKILLEN MOCIT ARGYLE
PLEASANT
22 15 1 06 01

Census divisions are numbered within provinces according to the

same principle, the only difference being that numbers are assigned

consecutively since census divisions are more stable and, when they

do change, tend to change all at once for a province, requiring

312



complete revision.

o

RESTI1GOUCHE
13 14

MADAWASKA

VICTORIA
13 12

NORTHUMBERLAND
13 09

WESTMOREL AND

CHARLOTTE
13 02

Some variations exist in the numbering system. In Manitoba, Sas-
katchewan and Alberta where census divisions have official numbers, but
no official names, the Standard Geographical Classification codes for
the divisions coincide with the official numbers although the numbers
are not strictly in geographical order. In a few cases municipalities
are not coded in order because the recent incorporation of a large number

of units has strained the system--the most notable example being division
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1 in Newfoundland where 95 of the 99 available codes have been utilized.

In addition to unique codes for each census subdivision the Stan-
dard Geographical Classification System provides for a municipality type
code and a reference area designation. The municipality type code cate-
gorizes each census subdivision as one of eight types or organization
such as Indian reserve, township, rural municipality, etc. The concept
of the reference area permits small census subdivision areas--cities,
villages, townships, etc.--to be grouped with the surrounding larger
census subdivision (generally a rural municipality or unorganized area).
Larger cities of over 25,000 inhabitants which are likely to have a larger
population than adjacent rural or unorganized areas, and for which a
reference area is not obvious, are not reference to a rural municipality
or unorganized areas but to themselves. In some cases large cities
can include villages and towns. within their boundaries, and in those cases
the city acts as a reference area for these villages and towns. In other
cases towns or villages have amalgamated with adjacent townships, the
result being a town or village referenced to itself.

Sometimes villages and towns are located on the boundary between
two or three reference areas rather than within one area. In these cases
the village or town is referenced to the area within which the larger
part of the population is located.

The three volume SGC manual is prepared from the Standard Geograph-
ical Classification Master File. The master file contains additional
geographic codes for special purpose districts and regions. These include

postal zones, Statistics Canada economic regions, and the Canada manpower
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center areas.

The Standard Geographical Classification Master File

Field Size Title

1 1 Region

1 1 Province

3 2 Census Division

4 2 Census Subdivision

5 3 Record Number

6 30 Subdivision Name

7 6 All Canada Alpha Sequence Number

8 1 Type of Municipality Code

9 1 Alternative Name Indicator

10 1 Blank

11 1 Post Office Indicator
12 2 Reference Area Code
13 3 Census Metropolitan Area/Census Agglomeration Number
14 2 Federal Electoral District Number
15 2 Department of Defense Production Economic Region
16 2 Statistics Canada Economic Region
17 2 Type of Municipality Name

18 10 Blank
19 30 Place Name
20 30 Blank
21 8 Population
22 16 Universal Transverse Mercator Grid Coordinates
23 52 Blank
24 4 Canada Manpower Center Number

There is also a Canadian Standard Geographical Classification for foreign
countries and states of the United States. Units of area defined as
political entities (including territories, trust territories, overseas
departments, dependencies, colonies, and protectorates) are grouped into
six continents or large parts thereof. In general, the continents follow
the commonly recognized boundaries except for Europe which includes all

of the Soviet Union.
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The continents are ordered so as to link regions which are closely
related geographically and politically. They appear as follows: Europe,
Africa, Asia, Oceania and Antarctica, South America, North America, and
Central America and the Carribean.

Within each continental group of units of area are arranged conti-
guously, so far as possible (the contiguous order being broken sometimes
to work islands into the system). The ordering is influenced by such
factors as trade routes, political affiliations, language groups, etc.,
and therefore, the country chosen as a starting point in each group is
the one which appears to provide the best chance of a useful ordering.
The states of the United States are listed contiguously within nine
regions of the countryas shown in the publications of the U. S. Bureau
of the Census (See Section 3.1).

The structure of the code is similar to that used for areas in Can-
ada. It is limited to four digits, however, because for most purposes
identification of the country or state of the United States is likely
to be sufficient. If more specific foreign locations are required for
a special purpose, two digits are available for such special codes---
e.g., to designate provinces, cities or ports within countries. The
first digit of the code is 9 in all cases indicating areas outside of
Canada, first digits 1, 2, 3, 4, 5, and 6 having been used to designate
regions within Canada. The second digit of the code designates continen-
tal subgroups, the second digits 0, 2, and 4 being reserved for such
alternate groups as European Economic Community, Communist Block, or

Commonwealth Countries. The third and fourth digits of the code designate
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the basic geographical units of area, the third and fourth digit numbers
01 to 19 being reserved throughout the classification for users who wish
to follow the coding system but who require a few extra codes for special
purposes. The code for the United States of America is the only code

in the system to end in O.

B.2 The Geogrgphicaliy Referenced Data Storage and Retrieval System (GRDSR)

The Geographically Referenced Data Storage and Retrieval System is
the outcome of five years' research by Statistics Canada into solving
the many problems associated with the storage and retrieval of statistics
about small areas. In order to respond to the small area data requests
Statistics Canada requires a flexible, efficient system to repeatedly
assemble and tabulate information according to arbitrary special interest
areas such as school districts, police precincts, and fire zones. Very
much like the U. S. Bureau of the Census DIME system (See Section 3.1),
GRDSR provides the necessary flexibility, the aggregation, disaggregation,
and reaggregation capabilities by utilizing the block face as the basic
building block in the geocoding of urban areas.

In the GRDSR file points at which streets intersect or curve sharply in
the city pattern are referred to as nodes, each of which is assigned
Universal Transverse Merecator coordinates (See Section 5.2). Every
street is represented by a series of nodes connected by straight line
segments.

A block face is defined as one side of a city street between con-

secutive intersections with other streets. Thus, up to two block faces
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can be formed by a pair of adjacent nodes, each located at a four way
street intersection. However, a block face can also encompass several
nodes. For example, a block face may contain one intermediate node
marking a change in direction and another node representing an intersec-—
tion.on-the-opposite=side-of=the=street=only

Whenever a block face is to be formed by a pair of nodes, these
nodes must consituté the beginning and end of a valid civic address
range.

Unlike DIME, however, all street addresses along a block face in
the GRDSR file are assigned, and share, the coordinates of the block
face centroid, which is simply a reference point offset from the street
midway between the two nodes forming the block face. During the conver-
sion operation, the address of each record or data observation is matched
to a block face (using a list of valid street names and address ranges).
From there, the correct centroid is known and its coordinates can be
added to the record.

The actual geocoding operation (or assignment of coordinates to
data) is carried out using GRDSR components known as Area Master Files
(AMF) . Area Master Files contain a logical representation of all city
streets, plus some other features, in computer readable form. An AMF
references every street, address range, block face and centroid coordi-
nate in the covered area (See Figure B.2). Also itemized are other
features (such as railroad tracks, rivers, and municipal boundaries)
which help users to choose query areas.

Area Master Files have been created for major portions of 14
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Canadian urban centers, which include a total of 16 cities. These files
reference more than 225,000 block faces, corresponding to a population

figure of approximately seven million.

B.3 The Canadian Postal Code

In 1969 the Canadian Post Office Department, virtually the last
major mail service to mechanize sorting operations, engaged the consul-
ting firm of Samson, Belair, Riddell, stead, Inc., to identify the dep-
artment's operating needs for a postal coding system and to recommend a
code which would take full advantage of automated sorting machines and
ensure the highest degree of utilization by both the department and the
mailing public, especially large volume mailers. The outcome of the con-
sultants' study was a unique six character alpha numeric postal code
which identifies both the forward and local elements of the sortation
system.

The first three characters of the Canadian postal code identify a
forward sortation area in a city or in the country. The last three char-
acters which are separated from the first half of the code by a single
space, identify a local delivery unit in the forward sortation area.

The area codes are always in an alpha numeric alpha format and the local
codes are always in a numeric alpha numeric format. The code utilizes
20 alpha characters. Colons, dashes, oblique strokes and the letters

D, ¥, I, O, Q, and U have not been used because of difficulties with
optical character recognition equipment.

One of eighteen major geographic areas are identified by the first
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alpha character of the Canadian postal codes. The letters have been
assigned from east to west and they represent a province or a large por-
tion of a province. The significance of the remaining components of

the code vary according to the urban or rural nature of the sortation
area coded. Rural forward sortation areas are identified by a zero in
the second position of the area code. This means that all Canadians
having a code with the second digit "O" receive their mail by means other
than letter carrier. Urban forward sortation areas served by a letter
carrier are identified by the numbers 1 through 9 in the second position
of the area code. Initially the area represented corresponded to an area
served by a maximum of 25 letter carriers, however as the system develops,
this areal criteria is expected to cease to be significant.

The local portion of the postal code identifies a local delivery
unit. In urban areas this may be:

- a city block face

- a large apartment building (50 suites or more)

- a large business building (10 individual firms or more)

- a large volume receiver
The local area code also identifies a type of delivery service as either
general, lock box, rural route, suburban, or mobile delivery service.

A letter addressed to 608 Portage Avenue in Winnipeg, for example,
would be coded R3C 0G5. The first letter, R, stands for all of the pro-
vince of Manitoba; 3C represents a 120 block section of Winnipeg where
25,000 people are served by roughly 25 mailmen. The second half of the

code, 0G5, designates one of six addresses on an even numbered block
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face. Most urban family homes will share the same code with up to 50
other houses on the street.

The six digit alpha numeric code employed in Canada is more flexible
thanthe.five.digit-numeric=zIP-code-of-the~United-States;-because=t
use of numbers restricts the ZIP code to ten characters in each position.
The first, third and fifth positions of the Canadian code, on the other
hand, are letters. Although several letters have been rejected because
of their similarity with numbers or other letters, there are still twenty
letters to choose from in these positions. Generally speaking, the en-
tire ZIP code gives the same information as the area code portion of the
Canadian postal code. In urban areas, for example, the ZIP code only
describes an address down to a relatively large section of a city, while
the combination of area and local codes in the Canadian postal code de-
fines a specific building or a block face. The Canadian postal code more
closely resembles the British post code except that the British post
code may vary from 5 to 7 characters and the alpha numeric order is not
always the same.

The Canadian postal code was introduced April 1, 1971 in the city
of Ottawa, Ontario. By November of 1973 all the provinces and territories

had been coded.

References:

Canadian Department of Industry, Trade, and Commerce. Statistics
Canada. GRDSR: Facts by Small Areas. Ottawa, Canada: Stat-
tistics Canada, Canadian Department of Industry, Trade, and
Commerce, 1972.

322



Canadian Department of Industry, Trade, and Commerce. Statistics
Canada. "Standard Geographical Classification Manual." Draft
text of introduction. Ottawa, Canada: Statistics Canada, Can-
adian Department of Industry, Trade, and Commerce, 1974.

Canadian Post Office Department. Canada Post. "Canadian Postal Code."
Ottawa, Canada: Canada Post, Canadian Post Office Department, 1973.

Samson, Belair, Riddell, Stead, Inc. A Canadian Public Address Postal
Coding System. A consultant's report prepared for Canada Post.
Ottawa, Canada: Canada Post. Canadian Post Office Department, 1969.

323



APPENDIX C

INTERNATIONAL GEOPOLITICAL CODING SYSTEMS

Over the past few years there has been a great deal of interest

on the part of many organizations in establishing a standard set of
international geocodes for geopolitical subdivisions of the world.
Organizations such as the Universal Postal Union, the International
Telecommunications Union, the International Organization for Standardi-
zation, the Defense Intelligence Agency and several others are involved
in this standardization and geocoding activity. The geocodes described
in this appendix include both those international geocoding systems
currently operational and those which have been proposed for use as

standards on an intra or inter agency basis.

C.1 Defense Intelligence Agency (DIA)

As the Assigned Responsible Agency (ARA) for the standardization
of geopolitical data elements and related features in the Department of
Defense Standardization Program (See Section 3.3) the Defense Intelli-
gence Agency has developed an extensive set of international geocodes.
There are standard DIA coding systems for:

Celestial bodies of the solar system which includes any

of the planets, satellites, asteroids, captured comets,

meteoxr swarms, and other natural physical bodies held

by the gravitational system of the sun and revolving
around it

Terrestrial hemispheres defined as that one-half of the
globe divided by the equator into north and south lati-
tudes, and by the prime meridian into east and west lon-
gitudes
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Divisions of the world which include the seven major land
masses (continents) and nine special purpose groupings of
water and islands

Water bodies of the world which are continuous water areas
representing separate or self-contained bays, seas, and
straits

Countries of the world representing first oxrder global geo-
political subdivisions and their dependencies, areas of
guasi-independence, and areas with special sovereignty as-
sociations; unrecognized political regimes and administrative
divisions without sovereignty; and outlying areas of the
United States, including islands in dispute

States and provinces of the world which represent first order
geopolitical subdivisions of each entity coded as a country
of the world

These standards were developed in order to resolve the differences
between the various levels of aggregation, the various definitions, the
various terminology and various data codes previously employed in
Department of Defense information systems.

The two character, partially mnemonic alpha designations establish-
ed by DIA for countries of the world has been published as a Federal
Information Processing Standard (FIPS PUB 10), however as stated in the
introduction to that publication

The code scheme used in this standard may not be permanent.

The work yet to be done at the American National Standards

and International Organization for Standards levels may

make it advisable to modify this federal standard. The use

of this code in the interim is advised to facilitate inter-

change for an unknown period of time, and to allow an or-

derly conversion to a new code scheme if necessary.

The DIA codes for states and provinces of countries of the world

are currently being considered for approval as a FIPS standard. In order

*UJ.S Department of Commerce, National Bureau of Standards, Federal
Information Processing Standards Publications, FIPS PUB lg_(Washington,
D.C.: U.,S. Government Printing Office, 1970), p.2.
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to provide unique identification with a minimum length code, these
state and province codes are dependent upon the DIA country codes.
They combine the two character alpha country designations with two
digit numbers assigned serially to geopolitical subdivisions sequenced

alphabetically by country.l

C.2 American National Standards Institute (ANSI)

The coding system proposed by ANSI in 1971 for the identification
of countries, dependencies, and areas of special sovereignty of the
world is actually a double system--one set of three character alpha-
mnemonic designations and one set of three digit numeric designations.

The list of entities generated by ANSI for this standard includes
all entities which appear in at least two of the following three sources:
FIPS PUB 10, the United Nations Standard Country Codes, and the Univer-
sal Postal Union's International List of Post Offices. Alpha codes
assigned to these entities are generated according to a set of rules de-
signed to maximize the mnemonic quality of the code in relation to the
full name of the entity. The three digit numbers assigned to countries
are randomly generated. These codes have not yet become an official
ANSI standard. Their acceptance at ANSI may well depend upon the action
taken by the International Organization for Standardization to which

this standard will also be submitted for approval.

lIn New Zealand where there are over 99 geopolitical subdivisions,
the DIA code goes from NZ99 to NZZ2 through NZZ9 and then NZBl through
NZB3.
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C.3 General Services Administration (GSA)

In the 1972 edition of the General Services Administration's

Worldwide Geographical Location Codes outlying areas of the United

States, and foreign countries are listed in alphabetical sequence and
are identified by a two character alpha code and a three digit numer-
ic code. The two character alpha code which is derived from FIPS PUB
10 in combination with the three digit numeric code is used to comply
with GSA Real Property Owned and Leased Inventory reporting require-
ments. All other interchange of data between agencies of the General
Services Administration requires only the two character alpha code

for identifying a country or an outlying area of the United States.

The two digit numerical prefix indicating continent which was for-
merly used in conjunction with the GSA country code has been abandoned.
However, the GSA four digit numeric code for cities is still maintained
and, in combination with the country codes, provides unique identifica-

tion for approximately 2,000 cities outside the United States.

C.4 International Telecommunications Union (ITU)

The International Telecommunications Union is a specialized agency
of the United Nations. It's major function is to "maintain and extend
international co-operation for the improvement and rational use of tele-
communications of all kinds.“l Most of the work accomplished by ITU is

carried out by its two international consultative committees, one of

lGerd D. Wallenstein, "International Telecommunications: Where Co-
Operation is the Message," Telecommunication Journal (Volume 39, 1972),
p. 366,
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which is concerned with radio communications, the other of which deals
with non-radio aspects of telephone and telegraph communications.

One set of international geocodes employed by ITU and its members

i5F variable one to tliteée character alpha code which 1is assigned to
all countries and a certain number of special locations such as space
research stations and stations of the United Nations Truce Supervision
Organization in areas between the Armistice Demarcation Lines at Jeru-~
salem. This code is used primarily for administrative purposes and it
appears on all ITU service documents.

A second set of international geocodes sponsored by ITU and well-
established in the world community with only one exception is the Telex
Destination Codes.l This is a set of variable two or three digit num-
bers assigned to countries of the world for the purpose of telegraph
communications. The nations are listed by geographic proximity and
thus the first digit of this code indicates a world area.

A third series of international codes sponsored by ITU is the vari-

able one to three digit number known as the international telephone code

lOnly one of the major international telegraph companies does not
subscribe to the Telex Destination coding scheme. When ITU was consider-
ing draft standards for their telex designation codes, International
Telephone and Telegraph (ITT) submitted the list of codes it had develop-
ed independently and was currently using. This set of ITT codes was re-
jected in favor of the standard eventually adopted by ITU. However, ITT
did not change their codes in accordance with the new standard. Thus
ITT maintains a set of international telex destination codes for trans-
mission within the United States. At the point where a message is trans-
mitted to an overseas operator the code is translated into the ITU des-
tination indicator and then forwarded.
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which is assigned to individual countries grouped into nine world
zones. This code is currently accepted by all members of the tele-
phone industry with the exception of the American Telephone and Tele-

graph Company and the telephone company of Sweden.

C.5 Universal Postal Union (UPU)

The United States Postal Service has developed a set of interna-
tional geocodes which would facilitate the sorting and dispatch of
international mail and submitted this system to the Universal Postal
Union for approval.

The draft standard which the U.S. Postal Service has proposed is
a three digit number. The first digit identifies the continent or
ocean area and is assigned in a north-south pattern beginning at the
International Date Line and moving west. The last two digits indicate
a country's or territory's position within the continent or ocean area.
Numbering begins at the northern corner of the continent or ocean
areas and individual countries are assigned codes in an east-west se-
quence. The countries identified by this code include all member
countries of the Universal Postal Union and the entire list of entities
included in the United Nations Country Code.

In the expository remarks appended to this draft standard the ra-
tionale for such a coding scheme is explained in the following state-
ment:

One important purpose of the code is the facilitatiomn

of the sorting or international mail. Since it appears
at this time impossible to construct a code based on
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clearly defined, mail related variables (such as volume
flow between the various member countries of the Union)
due primarily to the lack of data, the best possibility
for realizing this purpose seems to lie with a code
that indicates to postal employees the distances and
direction of countries of destination. That is, that
the code be 'geographical'.l

c.6 International Standard Point Location Code

At a meeting sponsored by the Transportation Data Coordinating
Committee (TDCC), a representative group of Standard Point Location
Code (SPLC) users discussed the expansion of SPLC to include interna-
tional locations. It was decided that "the goal of an international
SPLC, accepted and usable by all major shipping countries, will be
the long term goal of the committee . . . however, an interim code
should be established which would be beneficial to United States car-
riers and TDCC membership as an immediate goal in lieu of attempting
to establish an internationally accepted code at the outset which
might take three to five years."2

This proposed interim code would be structured in the following
manner: a three digit numeric code prefix containing the country des-
ignations derived from Schedule C of the U.S. Department of Commerce's
foreign trade program (See Section 4.7) would be appended to the six

digit SPLC. The first of the six digit SPLC positions would contain

1U.S. Postal Service, "Proposed Universal Postal Union Numerical
Country Identification Code," Second Draft, 1972, p. 15.

2 . . .
Transportation Data Coordinating Committee, "Summary Minutes of
the First International Geographic Subcommittee meeting," 1972, p. 1.
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the number 9 (the numbers 1 through 8 in this position indicate a
region of the United States) and the remaining five digits would con-
tain a city code.

The proposed long term international code would be established
by adopting the coding method of each country for locations in that
country in place of the interim SPLC. The three digit prefix would
contain either the Schedule C country designations or the codes spon-

sored by the International Organization for Standardization.

C.7 The United Natiomns

The basic set of international geocodes developed and maintained
by the Statistical Office of the United Nations is a series of three
digit numbers gapped by intervals of four and assigned to countries
and other first order geopolitical subdivisions of the world sequenced
alphabetically by English language names. The list of national entities
compiled by the United Nations for this geocoding system is one of the
most comprehensive and frequently updated of any international geocoding
system. Many other agencies such as ANSI and FIPS use this list as a
standard reference.

In addition to the basic three digit country code, the United
Nations has developed various code prefixes and suffixes to provide for
certain levels of data aggregation or disaggregation. For example, a
two digit prefix is used to classify world trade areas in which the
first digit identifies a continent or global region and the second digit

identifies a subdivision of the region which constitutes a multi-country
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trade area. Furthermore, basic country codes ranging from 900 to
999 have been reserved to provide for special purposes depending upon
the user's needs. ~For"many=purposesj—geocodes=for nation=geopolitical
subdivisions are required. In such cases a two digit suffix can be
added to the right of the three digit country code to identify, for
example, the Channel Islands (826 01) as part of the United Kingdom
(826).l

The three digit numerical country codes developed by the United
Nations are employed for data compilation as well as clerical purposes.
Data compilation activity at the United Nations includes numerous field
studies and special topical studies and the preparation of a general

Statistical Yearbook. This yearbook contains a prodigious amount of

socio-economic data by country. National statistics for each country
are submitted directly by individual countries or territories in a
questionnaire supplied by the United Nations or gathered by means of
published documents. The information gathered in this fashion includes
data on: population, housing, medical care, social security, manpower,
agriculture, forestry, fishing, mining, manufacturing, construction,
fuel comsumption, produce consumption, transportation, communications,
trade, economic aid, wages and prices, national income, education and

culture.

1For designated geopolitical subdivisions of New Zealand (the only
country with more than 99 first order subdivisions) a three digit
numerical suffix would be required.
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The United Nations also maintains, updates and publishes six sets
of country name abbreviations composed of 4, 8, and 12 character re-

presentations in both the English and French languages.

C.8 The Agency for International Development (AID)

The Agency for International Development maintains a standard
set of international geocodes for use on commodity procurement instruc-
tions and other AID forms to indicate the country of destination or
source for commodity purchases. The first digit of the country code
is used to identify the global region in which the country is located.
The groupings were delineated for administrative and statistical pur-
poses, and any political associations or affiliations are neither intend-
ed nor implied. The regional codes are as follows:

0 - United States, and areas of

U.S. associated sovereignty 5 = 1atin America

1 - Europe 6 - Africa

2 - Near East 7

3 - South Asia 8 - Viet Nam and Other
4 - BEast Asia 9

The second and third digits in this three digit AID country code
identify the specific geographic entities, countries, or territories
within each region. Important islands or island groups, at considera-
ble distance from, but forming an integral part of some mainland entity,
and mainland portions of an entity are listed after the name of the
entity. Minor islands or island groups are not listed unless they form

separate entities.
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Additional codes are assigned for administrative purposes which do not

refer to either a single country or region. For example, a separate

code has been assigned to middle east oil areas for limited use when

reference-to-petroleun-purchases-in=that area.is.required.

c.9

Other International Geopolitical Coding Systems

The Federal Reserve Bank and the U.S. Treasury Department employs
a four digit numeric code assigned to countries sequence alph-
abetically with an additional check digit to identify nations
of the world. This code is applied for the collection and
tabulation of balance of payment statistics.

The Bank of America employs a three digit numeric code to identify
continenta and countries of the world. This code is applied
for record keeping purposes.

The Export Import Bank employs a three digit numeric code assigned
to countries sequenced alphabetically for record keeping
purposes.

Rand McNally and Company employs a three digit numeric code assigned
to countries of the world. An additional fourth numeric digit
identifies continent. Rand McNally also maintains an interna-
tional city code. These codes are used in the preparation of
the atlases and maps produced by Rand McNally.

The International Standards Organization (ISO) has adopted an intexr-
national automobile registry code which consists of a variable
one to three character alphabetic designation used to identify

countries in which automobiles are registered.
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The International Civil Aviation Organization (ICAO) has estab-
lished a set of four character airport designations (includ-
ing navigational aids and charted waypoints) which are used

in all international flight telecommunications.

In addition to the various sets of geographic references for
international geopolitical entities there are a number of glcbal mapping
systems. The most extensive and detailed of these is compiled by the
Central Intelligence Agency (CIA). This automated CIA mapping system
is being refined at the Laboratory for Computer Graphics and Spatial
Analysis, Harvard University where an assortment of pPrograms are being
developed in order to enhance the applications of the basic system

and provide several levels of geographic detail on a glabal scale.
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APPENDIX E

REPORT OF INVENTIONS

A-diligent—review-of—the-work-performed_under this_contract has

revealed no new innovation, discovery, improvement or invention.
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