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I. EXECUTIVE SUMMARY

INTRODUCTION

Satellite data collection offers the capability of autometic and
flexible user service, as well as quick data availability over wide geographical
areas. This has been previously demonstrated using the NASA experimental satel-
1ites called Landsat-1, -2, ATS-3 (OPLE)}, Nimbus-3, -4 (IRLS), and SMS-1, -2.
Since these programs were so successful, there has been much interest focused
towards developing an expanded satellite Data Collection System (DCS) which has
greater capabilities for the early 1980's, Before embarking further on
such a satellite program, it was deemed necessary to fully investigate the
potential DCS user market to determine whether or not the user needs would be
sufficient to support a satellite relay DCS design.

This final report represents the efforts and results to date on
Contract NAS5-22467 entitled "DCS User Requirements and Cost/Benefits Analysis
Study." The primary objective of this study is:

] To establish a set of requirements parameters upon
which future evolving DCS designs may be confidently
based.

In order to satisfy this objective, it is necessary to determine just how many
potential satellite DCS users exist,as well as their pertinent system charac-
teristics and flexibility of data transmission.
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The purpose of this study effort is to define a Tist of DCS users
that could potentially utilize satellite data relay as the means for data
collection. Our effort will be basicly Timited to collecting information on
DCS users and their stations that are contained within the United States
and near coastal areas. Subsequent study efforts should consider the inter-
nétionai data collection user market. It shouid be emphasized at the outset
of this effort that our approach is to examine existing (and near term planned)

data coliection users in order to provide a definitive and realistic user data
base. Future studies should include systems or applications that do not now
exist but that could be implemented if low cost remote data collection tech~
niques become available, Hence, estimates of potential users in new applica-
tions areas is not a part of this study. Whenever new applications are un-
covered, they will be noted but not examined in detail. Because of these
guidelines, it is felt that our potential user data base for satellite relay
will more closely relate to the "real world of data collection services."
Another important point worth mentioning is that every effort has been made
to properly document the user and station information with two or more refer-
ences substantiating all information gathered. It should be noted that many
data collection stations are shared by two or more user agencies and hence,
are catalogued over and over again in different reports. This initially
represented a major problem in terms of double counting stations. Our heavy
emphasis on documentation, however, alleviated this problem and resulted in
an insignificant amount of double counting of stations among users.

OVERVIEW OF THE REPORT

This report is organized into two volumes. Volume I consists of
seven major sections and three appendices. Section II describes the study
approach which consists of eight separate tasks. Three of these tasks deal
with the data collection user data base, The remaining five tasks are con-
cerned with the development of the data coliection station data base. In

Section III the user parameters and potential data collection users are
identified. Having done this, the user information acquisition phase of the
program was performed primarily by literature survey and, on occasion, by
person-to-person contact with agency personnel. Following this procedure,
the data collection user data base is presented in Section IV. This data
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base consists of descriptions of 50 data collection networks and a data-col-
lecticn station population in excess of 100,000, This section concludes with
a short tutorial on several new applications for data collection.

Sections V through VII deal with the data collection station data
base. 1In Section V the station parameters and data collection information
acquisition process are described, Since the amount of data to be gathered
was so large, it was decided to computerize the station data base. This would
then allow for computer analysis of the data which would, in turn, result in
a more timely and detailed analysis of the data base. Section VI presents
a description of the computer program used in the analysis of the station data
base. Appropriate descripticns, flow charts, computational procedures, index

assighments,andsamp]e printcuts are discussed in this section., In Section VII,
the results of the computerized analysis of the station data base are given.
These results are generally in the form of histograms of the various data
collection parameters, and are divided into three separate parts:

General characteristics of data collection stations,
Characteristics of specific groups of stations, and
[ Analysis of number of stations and amount of data collected.

Additional information is supplied by three appendices and a reference
Tist comprising over one hundred documents examined during this study effort.
Appendix A contains an expanded version of the computer program flowchart and
a complete Tisting of the program and all of the subroutines: Nearly one
thousand statements were necessary in the program to accept and manipulate
the station data base in the manner that was desired. In Appendix B, a des-
cription is éiven for the coding information used for the data collection
station data base, Data card formats and some sample data are discussed in
this Appendix. Following this, a bibliography of additional 1iterature sources
consulted during the study is documented in Appendix C.

Volume II of this report is a computerized (data card) compilation
of the data collection station data base. In order to understand and use the
information contained in Volume II, it is imperative to have a thorough under-

standing of the data card format as described in Appendix B of Volume I. To
illustrate the size of the station data_base, approximately 11,000 computer
cards were necessary to characterize a total of 107,407 data collection stations,
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SUMMARY OF RESULTS
The basic results of this study effort include the following:
. Development of a user data base
. Development of a station data base
) Development of a computer program method of analysis

° Computerized analysis of the station data base.

As indicated eariier, both the user and station data base describe present
(and near-term future planned) data collection activities within the geo-
graphical boundaries of the United States and surrounding coastal areas.

Once a set of data collection user parameters had been established,
it was then possible to compile a 1ist of potential data collection users. This
Tist of agencies and organizations‘that was examined for data collection
stations is shown in Table 3.2. In referring to Table 3.2 it is clear that
data collection encompasses many broad and diverse functions involving hundreds
of separate and distinct organizational entities. Using this Tist of user
agencies, the data collection user data base was developed. This data base
repfesents a set of descriptions of 50 data collection networks comprising
a total of 128,734 data collection stations. These data collection activities
are classified according to the following science applications.

e Agriculture ) Geology

» Ciimatology ° Hydrology

. Environment (] Meteorology
] Forestry ] Oceanography

For convenience, the user data base was condensed and is shown in Table 4.1.
This condensed user data base represents 47 networks and a population of
102,474 data collection stations. This decrease of 26,260 statijons from the
previous above figure is due to monitoring activities involving the collection
samples for laboratory analysis {e.g., pesticide monitoring). This particular
type of data collection was not considered presently applicable to satellite
data coilection and, hence, was not considered further. An additional amount
of 4,933 stations were added to the station data base making a grand total
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of 107,407 stations. The reasons for this increase occurs from entering
air quality monitors in the data base rather than the number of stations
(discussed in Section V), and considering multiple observations of single
stations as single observations of several stations (discussed in Section
VI).

In summary, the final user and station data bases are characterized
by:
. User data base - 47 major networks

¢ Station data base - 107,407 data collection stations.

The station data base is printed out in Volume II of this report.
After collecting this information and placing it on computer cards, it was
then necessary to develop the software computer program to analyze this data.
This program was written in FORTRAN and was operated on an IBM 360/95
computer. It represents a major tool foranalyzing the vast amount of data col-
Tection station information. The basic information placed on the data cards
and accepted by the program consists of:

e Number of data collection stations
9 Data collection station description
- Station information

a. location

b. fixed/mobile type

c. identification of the agency that operates
the station or the network of which the station
is a part

- QObservation information

a. observation identification

b. indicator of whether the amount of data is a
quantity of bits or characters

¢. indicator of usage of automatic recording
and telemetering equipment

d. the amount of data produced as the result
of a single measurement

e. measurement interval

f. collection interval
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The data collection station description may include as many as four
sets of observation information. This option provided the capability needed
to handle the multiple observations of many stations.

The output of the computer program consists of profiles of individual
states, and more detailed profiles of regions consisting of groups of states.
From these profiles, much valuable data collection information was developed
and is presented in histogram form in three parts of Section VII.

e Part I - General characteristics of data collection stations
(Figures 7.1 - 7.15)

Number of data collection stations versus location,
message size and collection interval for all stations
in the data base

Number of data collection stations versus location,
message size and collection interval for four specific
types of stations

a. automatic recording and/or telemetering

b. fixed and mobile
c. slow, medium and fast collection interval

d. federal and non-federal agency

¢ Part II - Characteristics of speéific groups of stations
(Figures 7.16 - 7.36)

Number and density of data collection stations with
automatic recording devices versus location

Number and density of data collection stations with
automatic telemetering devices versus location

Number of stations with automatic recording and

telemetering devices versus message size and
collection interval

Amount and density of data collected for automatic
recording devices versus location

Amount and density of data collected for automatic
telemetering devices versus location

Number of continuous and event initiated stations
versus location
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- Number of mobile and event stations versus message
size and collection interval

- Number and density of stations versus location for

a. fast collection interval (1 minute to 3 hours)
b. medium collection interval {6 hours to 2 months)
c. slow collection interval (3 months to 1 year)

- Number of stations versus measurement interval

® Part III - Analysis of number of stations and amount of data
collected (Figures 7.37 - 7.54)

- Density of data collection stations versus location

- Distribution of states versus density of stations

- Amount of data collected versus location

- Density of data collected per year versus Tocation

- Distribution of states versus density of data collected

- Regression analysis on number of stations and amount
of data collected as a function of

a. area

b. population

c. average annual rainfall
d. per capita income

These paragraphs do not attempt to summarize the results of each of the
histograms in this report but rather just to indicate their content. Careful
reference to the appropriate parts of Section VII is necessary to obtain
more specific and detailed information.

RECOMMENDATIONS FOR FURTHER' STUDY

It is recommended that the following five areas of effort be given
attention in the near future.

Computer Program Analysis Extension

It is recommended that the computer program and the station data base
be used to produce profiles or histograms of some additional groups of stations.
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Groups of stations should be identified by the agency which operates them.
Profiles of this type would provide all of the information needed to produce
histograms of the stations operated by a single agency. Also, profiles of
groups of stations identified by each of the eight applications for which

the data are being collected (meteorology, hydrology, etc.) should be pro-
duced. This would provide the information needed to produce histograms of
groups of stations that measure the same types of parameters (e.g., water
quality) for the same purposes. Both of these types of profiles can be easily
produced by incorporating some slight alterations into the existing computer
program. -

The program can also be extended to produce profiles of almost any
selected group of stations, e.g., stations that make surface water measure-
ments between 500 and 1,000 bits.

Data Collection Brochure

It would be highly useful and informative to take portions of this
report and develop a general brochure on United States data collection ac-
tivities. This brochure could be circulated widely throughout the appropriate
governmental and private sectors. As such, it would represent a major 1ink
in publicizing the existing data collection activities. Agencies would then
be informed, on a nationwide basis, of all data collection efforts currently

in progress and anticipated in the near future. This brochure could then be
updated annually and recirculated, resulting in a continuous update of Unijted
States data collection activities to all possible users.

National Data Base of DCS Activities

During this study effort, a large amount of information has been
gathered concerning data collection stations within the United States and
coastal areas. A tool for analyzing this data base has also been developed
in the form of a computer program. It would be useful to have and maintain the
status, on a national scale, of all of these as well as any future data col-
lection stations. The data base and the program could be continuously up-
dated and modified to yield any desirable outputs. Cooperating agencies
could view this national DCS data base as a library of all services. These



agencies would be able to access any available information concerning data

collection activities from the national data base. A useful result of this
effort would be the inter-agency cooperation that would follow and, perhaps,
minimal duplication of efforts amongst different organizations and agencies.

Economic Assessment of Sateliite DCS Market

1t is recommended that an in-depth cost/benefit tradeoff study be
directed towards assessing the viability of satellite relay for satisfying
the existing user and station data base market. A rationally based dollar
cost/benefit ratio could be developed for satellite relay for each of the 47
networks under study, and compared with the cost and benefits of presently
existing services. Both polar and gsosynchronous satellite relay techniques
should be considered. The output of this study would be a set of major user
networks (=47) and data collection stations (=107,407) that could utilize
satellite data relay in a cost-effective manner.

International DCS Market Forecast

Almost all of our data collection information is presently constrained
to the confines of the United States. It would be extremely useful to extend
this data base to include the international data collection market. As a
f{rst cut, the correlation analyses of this study (number of stations versus
rainfall rate, area, population) could be extended on an international scale
to develop gross forecasts for the international DCS market. Polar satellites,
in particular, are ideally suited to perform global data collection. In sum-
mary, the larger the potential user data base, the more 1ikely the need for
some common international form of satellite data relay. Hence, every effort
should be directed towards finding additional international users.
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II. STUDY APPROACH

The approach used to meet the study objectives stated in the previous
section consists of eight tasks., Three of these tasks deal with the data col-

Tection user data base.

station data base.

Task 1

Task 2

Task 3
Task 4
Task 5

Task 6

Task 7

Task 8 -

The other five tasks deal with the data collection

Each of these tasks are given below:

Identification of data collection users and definition
of user data base parameters

Acquisition of user information

Development of data collection user data base
Definition of station data base parameters
Acquisition of station information

Development of computerized data collection station
data base

Development of computer program to analyze station
data base

Analysis of station data base.

A study flow diagram that illustrates the relationship between these
tasks is shown in Figure 2.1. The objectives and results of each of these .
tasks are discussed individually in the following paragraphs.
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The objective of Task 1 is to specify the information that will be
contained in the data collection user data base. This task consists of two
distinct sub-tasks. The first sub-task is to identify the data collection
users that will be described in the user data base. The second sub-task is
to develop a group of parameters that are both necessary and useful to de-
scribe data collection activities. These parameters define the information
in the data base. The output of Task I can be envisioned as the labels of
the rows and columns of a Targe matrix that will become data collection user
data base.

Task 2, the acquisition of user information, consists of gathering
publications (mostly government documents) that contain information pertaining
to the user data base. This task can also be separated into two sub-tasks. The
first sub-task involves the acquisition of general information about the data
collection activities of a variety of users. This information is needed to re-
fine the set of user parameters developed in Task 1. As expected, this infor-
mation also identified some additionzl data collection users. The second
sub~-task involves gathering all of the information in the user data base.
Special emphasis was placed on gathering at Teast two references to document
each piece of information in the user data base. Additional users were iden-
tified by this part of Task 2 also.

In Task 3 the data collection user data base is developed. This in-
volves reviewing the information gathered in Task 2, first by cataloging and
formatting it, and then finally by presenting it. The information in the user
data base has been presented in two ways:

9 Descriptions of each user that contain detailed information
about each of the user parameters, and a

] Condensed summary table of the users that provides ther
most important information.

Tasks 4 through 6 deal with the development of the data collection
station data base, and are similar in approach tc Tasks 1 through 3. Like
Task 1, the purpose of Task 4 is to specify the information that will be con-
tained in the station data base. This involves developing a useful and
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manageable set of parameters that adequately describe the characteristics of

a data collection station. Identifying the stations that will be in the data
base is not required because they have already been identified in the user data
base.

Task 5 deals with the acquisition of the information in the station
data base. Like Task 2, this task begins first with gathering information
about many different types of data coliection stations. This information is
used to refine the set of parameters developed in Task 4. The second part
of this task consists of gathering as much information as was reasonably pos-
sible concerning all of the parameters that describe each of the stations in
the data base. This includes gathering information in the form of lists of
data collection stations and their specific characteristics, as well as docu-
ments that contain descriptions of the characteristics of data collection net-

works.

The development of the data collection station data base is performed
in Task 6. This involves reviewing and interpreting the gathered information.
It aiso involves specifying accurate values for some of the information din
the data base. This was done when information had not been published on
a station-by-station basis. Most of the information needed to specify these
parameters is available in documents that contain descriptions_bf'the data
collection activities of individual networks., This task also includes for-
matting all of the information in the data base so that the analysis of this
data can be done using a computer.

The purpose of Task 7 is to develop a computer program to analyze the
station data base. This task can be divided into two parts. The first part
deals with defining the results that the computer analysis will produce. This
consists of identifying every value that the computer program should produce
and the methodology required to perform these calculations. This part of Task 7
also involves organizing the desired results into a basic set of results, and
several variations of this basic set. This will permit the development of =&
simple program that will produce the basic set of results, and will also be
easily modifiable to produce each of the variations of the basic results. The
second part of this task is the development of the computer program that will
analyze the data base and produce the desired results.
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The station data base developed in Task 6 and the computer program

written in Task 7 are then used in Task 8 to perform the analysis of the sta-

tion data base. The program was used to produce a set of basic results. A

total of eight variations of the program were then used to produce more de-

tailed results on selected groups of stations. The results of this analysis

characterize the data collection activities of 107,407 data collection stations.




III. DATA COLLECTION USER INFORMATION ACQUISITION

This section presents our approach to the task of gathering informa-
tion about data collection users. This involves: (1} the definition of the
information to be gathered; (2) the development of a 1ist of agencies which
could be involved in data collection activities; and (3) gathering the nec-
essary information., Each of these subtasks are discussed individually in
the following paragraphs.

USER PARAMETERS

Before any useful data collection user information could be obtained,
it was necessary to establish a set of specific user parameters. The use-
fulness of the results of the user information acquisition task depends en-
tirely upon providing the correct answers to the proper questions. These
questions represent the user parameters.

At first, a nather Tengthy set of user parameters was considered.
After an initial survey of the largest and most well known data collection
users was made, it was concluded that this initial 1ist of user parameters
was too detailed, and that information should be gathered based on a smaller
but more pertinent set of user parameters shown in Table 3.1.



TABLE 3.1
DATA COLLECTION USER PARAMETERS

Network identification

Application

Description or purpose of network
Number of stations

Geographical location of stations
Parameters measured

Method of measurement

Frequency of measurement {sampling)
Method of data relay

Frequency of data relay {(collection)
Location and identification of users
Estimated data delay

Reference information
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Most of these parameters are seif-explanatory and need no further
discussion. However, to avoid any confusion or ambiguous assumptions, the
following definitions are given:

¢ Method of Measurement

—  Manual measurements are those which require an
observer to be at the station at the time at which
the measurement is made. An observer reading a
thermometer is an example of a manual measurement.
Automatic measurements are those which do not re-
quire an observer at the station at the time at
which the measurement is made. A stage gauge that
automatically records stage measurements is an ex-
ample of an automatic measurement.

] Frequency of Measurement

~  The frequency (how often} with which a parameter
is measured or sampled during a specified period
of time.

) Method of Data Relay

— A description of the way in which data travels
from the point at which it was measured to the
point at which it is used.

° Frequency of Data Relay

~  The frequency (how often) with which data i3~
transferred from the point at which it was
measured.to the point at which it is used
(sometimes referred to as the data collection
interval).

? Estimated Data Delay

- An estimate of the amount of time that elapses
from the moment at which the data is measured
until the moment that it reaches the user.



By thoroughly searching the 1iterature on data collection activities,
most of this information was obtained for each of the data collection users
examined. It should be noted that the parameter 'Estimated Data Delay' is an
estimate because 1ittle specific information on this parameter was contained
in the available literature.

POTENTIAL DATA COLLECTION USERS

After establishing the set of data collection user parameters, a
list of potential data collection users was defined. This is a 1ist of the
agencies and organizations that were examined for data collection platforms.
The Tist is shown in Table 3.2.

INFORMATION ACQUISITION

Having established a 1ist of potential data collection users and a
set of user parameters, the potential users were examined and the needed in-
formation was gathered. The information was obtained through appropriate
Titerature searches and occasionally by person-to-person contact with agency
personnel.

In compiling the user information, emphasis was placed on the
following:

e Present data collection activities and near~term future
plans when available

¢ Documentation of user information, including two or more
references substantiating all information gathered

0 No double counting of stations among users

0 Minimal discussion of networks where monitoring is
done by laboratory analysis of collected samples and
current research and development efforts are not
directed at developing monitoring methods applicable
to satellite data collection,
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TABLE 3.2

POTENTIAL DATA COLLECTION SYSTEM USERS

Department of Agriculture

— Forest Service
— Soil Conservation Service

Department of Commerce

—~ National Bureau of Standards
-~ National Oceanic and Atmospheric
Administration

Environmental Data Service.

National Environmental Satellite Service
National Marine Fisheries Service
National Ocean Survey

National Weather Service

Department of Defense

— Department of the Air Force
Air Weather Service

— Department of the Army

Corps of Engineers
Defense Civil Preparedness Agency

— Marine Corps
Department of the Navy

Naval Facilities Engineering Command
Naval Oceanographic Office
Naval Weather Service

Department of the Interior

- Bonneviile Power Administration
— Fish and WildTife Service
— Geological Survey ‘

Water Resources Division- 0ffice of
Water Data Coordination

Department of the Interior (Cont)

~ Bureau of Indian Affairs

— Bureau of Land Management

— National Park Service

— Bureau of Reclamation

— Bureau of Sport Fisheries and Wildlife

Department of Transportation

—~ Coast Guard
— Federal Aviation Administration

Office of Emergency Preparedness
Energy Research and Development Administration
-~ Nuclear Regulatory Commission
Environmental Protection Agency

~ Office of Air Programs

— Office of Water Programs

~ Office of Pesticide Programs
- Office of Radiation Programs

International Boundary and Water Commission
National Aeronautics and Space Administration
National Science Foundation

~ Office of Polar Programs

Smithsonian Institute— Center for Short-
Lived Phenomena

States

-~ Division of Forestry
— Division of Water Resources
— Department of Health

Tennessee Valley Authority
World Meteorological Organization




IV. DATA COLLECTION USER DATA BASE

This section consists of the data collection user data base which is
a set of descriptions of 50 data collection networks comprising a total of
approximately 128,734 data collection stations. A condensed version of the
data base is also presented. In addition to the user data base, several data
collection users, for which 1ittle information was available, are discussed
along with several new appiications for satellite data collection.

NETWORK DESCRIPTIONS

In the following pages descriptions of 50 data collection networks
are given. These networks represent the data collection user data base. It
should be noted that the networks that were not considered applicable to satel-
ite data collection, due to the circumstances mentioned previously in Section
3, have abbreviated network descriptions.

The descriptions of the networks all contain the information that was
gathered concerning each of the data collection user parameters jdentified in
Section 3. For the most part, these parameters have been identified individ-
ua]T&'ﬁ1the descriptioﬁ“format.‘ However, when necessary for clarity, several
parameters have been combined, or additional parameters required to describe
a special characteristic of a network, have been used.

The data collection user parameter called application identifies the
science in which the collected data is used. The following explanations of each
application are provided.



the science of cultivating the soil, producing
crops, and raising 1ivestock.

the science that deals with the average condition
of the weather at a place over a period of years.
the science that deals with the climatic, edaphic,
and biotic factors that act upon an organism or an
ecological community.

the science of developing, caring for, or cultivat-

° Agriculture

® Climatology

(] Environmental

8 Forestry

ing forests..

the science that deals with the history of the

earth as recorded in rocks.

the science dealing with the properties, distribu-

tion, and circulation of water on the surface of

the land, in the soil and underiying rocks, and in

the atmosphere.

the science that deals with the atmosphere and its

phenomena, especially with weather and weather

forecasting.

Oceanography - the science that deals with the ocean and jts
phenomena.

° Geology

? Hydrology

° Meteorology

©

In the following pages the user data base is presented. It describes
a total of 50 distinct data collection networks. After these network ..
descriptions, a condensed version of the user data base is given.
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NETWORK
IDENTIFICATION:

APPLICATION:
DESCRIPTION:

NUMBER GF STATIONS:
LOCATION OF STATIONS:

PARAMETERS MEASURED
AND FREQUENCY OF
MEASUREMENT:

METHOD OF
MEASUREMENT:

Surface Observation Stations of the National Weather
Service

Meteorology

The National Weather Service gathers meteorological data
to provide the raw materials meteorologists need to
prepare forecasts and warnings for general use and for
specialized uses such as aviation, forestry, and agri-
culture. Information is also collected to document
climatological history and to support international
commerce.

The Basic Weather Program for the acquisition of surface
weather data is divided into the Synoptic Weather Network,
designed primarily to serve forecast programs and provide
data for internatienal-exchange, and the Basic Weather Net-
work, the Targer of the two and the one that serves nearly
all users. The observations of the Basic Weather Network
are usually referred to as aviation weather observations.
The NWS stations in these two networks provide high-quality
surface weather observations for the Basic Weather Program.

278

There are 237 stations in the 48 states, 25 in Alaska,
3 in Hawaii, 9 in the Pacific, 2 in the Caribbean, 1 in
the Antarctic, and 1 ocean station in the Atlantic.

Synoptic observations consist of amount of sky cover,

wind speed, direction, and character, iype and amount of
clouds, visibility, present and past weather, temperature,
precipitation, dewpoint, pressure and pressure tendency,
and occurence of special phenomena. Synoptic observations
are generally made either four or eight times a day at
wor}d standard synoptic times (0000, 0600, 1200, and 1800
GMT).

Basic observations consist of amount of sky cover and
height of ceiling, visibility, present weather, and
obstructions to vision, pressure, temperature, dewpoint,
wind speed, direction, and character, altimeter setting,
and runway visual range. Basic observations are made at
hourly intervais with spacial reports during the inter-
vening periods when special weather events occur.

Basic observations are made at 63 stations, synoptic
cbservations are made at 7 stations, and combined basic
and synoptic observations are made at 208 stations.

The measurements are made manually except at automatic
observing stations.
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DATA RELAY METHOD:

FREQUENCY OF
DATA RELAY:

LOCATION OF USERS:

ESTIMATED DATA DELAY:
COMMENTS:

REFERENCES:

Data is relayed by teletypewriter transmission over
several FAA communications circuits for weather data
and aviation information

Same as frequency of measurement.

Forecasting offices of NWS including National Meteoro-
logical Center in Suitland, Md.- that prepares synoptic
material and long-range forecasts, other major forecast-
ing centers concerned with severe weather forecasting,

52 Weather Service Forecast Offices that prepare state-
wide forecasts and warnings, 250 Weather Service Offices
that prepare local forecasts, FAA Flight Service Stations,
and a variety of other users including weathermen. Users
of surface weather observations also include weather
forecasting organizations and aviators in other countries.

One to three hours

Part of the NWS plan to automate its operations includes
the development of automatic observing stations. Twenty-
two NWS ‘stations are unmanned Automatic Meteorological
Observing Stations (AMOS) and nine stations are manned
Automatic Meteorological Observing Stations.

Automatic Meteorological Observing Stations provide
automatic collection of data for the Basic Weather
Program at stations too remote for manned operations,
at stations for which complete observations are not
needed, at pari-time manned stations during unmanned
periods, and to facilitate the observing program at
stations where personnel are busy with other duties.

The parameters measured at unmanned AMOS stations are
temperature, dewpoint, wind speed and direction, al-
timeter setting, amount of precipitations and maximum
wind speed. At manned AMOS stations the observer
supplements the AMOS observations with sky cover and
height of ceiling, visibility, present weather, and
obstructions to vision, and sea level pressure.

Future plans call for 106 AMOS and 86 Timited AMOS
(wind data only).

1, 2, 3, 4,7, 19, 63, 65, 79, 99
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NETWORK"
IDENTIFICATION:

APPLICATION:
PURPOSE:

NUMBER OF STATIONS:

LOCATION OF STATIONS:

PARMETERS MEASURED
AND FREQUENCY OF
MEASUREMENT:

METHOD OF
MEASUREMENT:

DATA RELAY METHOD:

FREQUENCY OF
DATA RELAY:

LOCATION OF USERS:

ESTIMATED DATA DELAY:

COMMENT :

REFERENCES:

Surface observations stations operated cooperatively by

the National Weather Service and the Federal Aviation
Administration

Meteorology

To provide surface observations for the Basic Weather
Program, and for aviation operations..

24

There are 17 stations in the 48 states, 6 in Alaska,
and 1 in Hawaii.

Basic observations are made houriy at 11 stations and
combined basic and synoptic observations are made at
13 stations.

Manually except at automatic observing stations

By teletypewriter

Same as frequency of measurement

NWS forecasting offices, and various other users of
surface weather observations,

One to three hours

Three stations are manned Automatic Meteorolacial
Observing Stations.

1,3
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NETWORK
IDENTIFICATION:

APPLICATION:
PURPOSE :

NUMBER OF STATIONS:
LOCATION OF STATIONS:
PARAMETERS MEASURED:

METHOD OF
MEASUREMENT:

FREQUENCY OF
MEASUREMENT:

DATA RELAY METHOD:

FREQUENCY OF
DATA RELAY:

LOCATION OF USERS:

ESTIMATED DATA DELAY:
REFERENCES:

Surface Observing Stations staffed by FAA

Meteorology

To provide surface observations primarily for aviation
operations, and to augment efforts of the National
Weather Service in data acquisition for the Basic
Weather program.

200

There are 188 stations in the 48 states, and 12 in Alaska.
Basic Observations

Manually

Measurements are made at hourly intervals for periods
of 8 to 24 hours a day. Special reports are made
during the intervening periods when significant weather
events occur.

By teletypewriter

Same as frequency of measurement

NWS forecasting offices preparing aviation forecasts,
FAA Flight Service Stations, and a variety of other
users of aviation weather data.

One to three hours

1, 2, 3,5, 19, 64
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NETWORK
IDENTIFICATION:

APPLICATION:
PURPGSE:

NUMBER OF STATIONS:

LOCATION CF STATIONS:

PARAMETERS MEASURED:

METHOD OF
MEASUREMENT :

FREQUENCY OF
MEASUREMENT:

DATA RELAY METHOD:

FREQUENCY OF
DATA RELAY:

LOCATION OF USERS:

ESTIMATED DATA DELAY:

REFERENCES:

Supplementary Aviation Weather Observation Program of
The Naticonal Weather Service

Meteorology

To provide aircraft operators with the weather observa-
tions they require to meet Federal Air Regulations.

308 Supplementary Aviation Weather Reporting Stations
105 Limited Aviation Weather Reporting Stations

Throughout the U.S. at small airports

Basic Observations

Manually

Some stations operate on a regular schedule making
nhourly observations during the time when an observer is
on duty. Other stations make observations on an on-call

basis when needed for jocal aircraft operations. Sta-
tions also make reports when changes in weather occur.

Data is relayed to Tocal users by voice transmission via
radio or telephone. Sowe data is relayed by teletype-
writer,

Same as frequency of measurement

Local users of the data are positions which control local
air traffic that are within the service area of the
station. Also, some observations are disseminated region-
ally and/or nationally.

One to three hours

1, 3, 5, 8
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NETWORK
IDENTIFICATION:

APPLICATION:
PURPOSE:

NUMBER OF STATIONS:

LOCATION OF STATIONS:

PARAMETERS MEASURED
AND FREQUENCY OF
MEASUREMENT :

METHOD OF
MEASUREMENT :
DATA RELAY METHOD:

FREQUENCY OF DATA
RELAY:

LOCATION OF USERS:

ESTIMATED DATA DELAY:

REFERENCES:

Contract observing stations of the National Weather
Service

Meteorology

To supplement basic and synoptic cbservations in areas
where data are not otherwise available.

185

There are 120 stations in the 48 states, 28 in Alaska,
13 in Hawaii, 20 in the Pacific, and 4 in the Caribbean.

Basic observations are made houriy at 123 stations, for
5 to 10 hours per day. Synoptic observations are made
4 times a day at 49 stations. Combined synoptic and
basic observation are made at 13 stations.

Manually

By teletypewriter

Same as frequency of measurement

NWS forecasting offices, and a variety of other users of
surface weather observations.

One to three hours

1, 2, 3, 5
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NETWORK Military aviation weather cbserving network
IDENTIFICATION:

APPLICATION: Meteorology

PURPOSE: To provide aviation weather data in support of military
aviation operations and military aviation weather
forecasting. ’ ’

NUMBER OF STATIONS: There are 74 Naval Air stations, 82 Army Air Fields,
and 130 Air Force Bases where aviation weather
observations are being made.

LOCATION OF STATIONS: Throughout the U.S.
PARAMETERS MEASURED: Basic observations

METHOD OF Manually

MEASUREMENT :

FREQUENCY OF Observations are made at hourly intervals for all or a
MEASUREMENT : portion of each day and special reports are made when

significant weather events occur.

DATA RELAY METHOD: By COMET, the military teletypewriter communications
circuits for meteorological data.

FREQUENCY OF Same as frequency of measurement
DATA RELAY: .

LOCATION OF USERS: Military airfields and forecasting centers, and occa-
sionally NWS when they require additional data.

ESTIMATED DATA DELAY: One to three hours
REFERENCES: 2, 100



NETWORK
IDENTIFICATION:

APPLICATION:
PURPOSE:

NUMBER OF STATIONS:
LOCATION OF STATIONS:

PARAMETERS MEASURED:

METHOD OF
MEASUREMENT :

FREQUENCY OF
MEASUREMENT :

DATA RELAY METHOD:
FREQUENCY OF

DATA RELAY:
LOCATION OF USERS:

ESTIMATED DATA DELAY:
COMMENT :
REFERENCES:

Marine Reporting Station Network of NWS

Meteorology

To provide observations for coastal marine weather
services, including marine weather broadcasts.

202

Primarily at Coast Guard stations in Atlantic, Pacific,
Great Lakes, and Gulf coastal areas

Sky condition, present weather, visibility, wind speed
and direction, state of sea (sea height and sea period),
sea water temperature, air temperature, and sea level
pressure.

Manually

Every 2, 3, or 6 hours with every 3 hours being the most
common, and hourly upon request.

By teletype from Coast Guard stations to Coast Guard
Districts and from there by teletype to NWS.

Same as frequency of measurement

24 Weather Service Forecast Offices near coastal areas
of the U.S. and possibly other NWS forecasting offices.
One to three hours

Most Marine ‘Reporting Stations are Coast Guard Stations.

1, 3, 6, 7
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NETWORK
IDENTIFICATION:

APPLICATION:
PURPOSE:
NUMBER OF SHIPS:

LOCATION OF SHIPS:

PARAMETERS MEASURED:

METHOD OF
MEASUREMENT :

FREQUENCY OF
MEASUREMENT :

DATA RELAY METHOD:

FREQUENCY OF
DATA RELAY:

LOCATION OF USERS:

ESTIMATED DATA DELAY:

REFERENCES:

Coastal Ships of the U.S. Cooperative Ship Program of
the National Weather Service

Meteorology
To obtain weather reports from U.S. coastal areas

100 at present (mostly tug boats) with a planned
increase to 300 over the next 5 years

Atlantic, Pacific, and Gulf coastal waters

Present weather, visibility, wind speed and direction,
wave height, swell direction and height, sea water
temperature, air temperature, and pressure.

Manually

Every 6 hours at standard synoptic times, and hourly
upon request

By radio to a number of land radio stations (probably
Coast Guard Stations) and then by teletype to NMC and
19 WSFO's preparing coastal marine forecasts.

Same as frequency of measurement

NMC, and other NWS forecasting offices.
One to three hours

1’657
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NETWORK
IDENTIFICATION:

APPLICATION:
PURPOSE:

NUMBER OF SHIPS:

LOCATION OF SHIPS:

PARAMETERS MEASURED:

METHOD OF
MEASUREMENT ¢

FREQUENCY OF
MEASUREMENT :

DATA RELAY METHOD:

FREQUENCY OF
DATA RELAY:

LOCATION OF USERS:

ESTIMATED DATA DELAY:

COMMENT:
REFERENCES:

Great Lakes Ships of the U.S. Cooperative Ship Program
of the National Weather Service

Meteorology

To obtain synoptic weather reports from the Great Lakes
areas.

50 at present with a planned increase to 200 over the
next 5 years

Great Lakes

Apparent wind speed and direction, visibility, present
and past weather, air temperature, water temperature, ice
accretion, wave period and height, and total cloud amount.
Manually

Every 6 hours at world standard synoptic times,and hourly
upon request

Data are relayed by radio to Great Lakes Commercial and
Coast Guard Stations and then presumably by teletype

to WSFO Cleveland, and possibly other NWS forecasting
offices.

Same as frequency of measurement

WSFO Cleveland and possibly other NWS forecasting offices
One to three hours
Canada cooperates in this program

1, 6,7
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NETWORK
IDENTIFICATION:

APPLICATION:
PURPOSE:

NUMBER QOF SHIPS:

LOCATION OF SRIPS:
PARAMETERS MEASURED:

METHOD OF
MEASUREMENT:

FREGQUENCY QF
MEASUREMENT:

DATA RELAY METHOD:

FREQUENCY QF
DATA RELAY:

LOCATION OF USERS:

ESTIMATED DATA DELAY:

COMMENT -

REFERENCES:

Marine weather observations of Navy and Coast Guard
ships on the high seas

Meteorology

This is part of an international program to obtain
synoptic weather reports from the high seas.

There are 87 Coast Guard ships and approximately 300
Navy ships.

Worldwide
A11 these ships make marine surface observations.

Twenty-two Navy ships make rawinsonde observations
also.

The marine surface observations are made manually and
the rawinsonde observations are made automatically.

Marine surface obhservations are made every & hours at
world standard synoptic times, and hourly upon request.
Rawinsonde observations are made twice a day at 0000
and 1200 GMT.

Presumably by ship-to-share military radio teletype
to military teletype circuits, and then to FAA tele-
type circuits and international teletype circuits for
exchange of meteorological data.

Same as frequency of measurement

Military marine weather users, NWS offices preparing
high seas marine forecasts, and worldwide users of
marine weather observations.

One to six hours

Navy ships on classified missions make weather observa-
tions but do not relay them.

There are 23 Coast Guard ships that have the capability
of making rawinsonde observations.

2,9, 96
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NETWORK
IDENTIFICATION:

APPLICATION:
PURPOSE:

NUMBER OF SHIPS:

LOCATION OF SHIPS:

PARAMETERS MEASURED:

METHOD OF
MEASUREMENT :

FREQUENCY OF
MEASUREMENT :

DATA RELAY METHOD:

FREQUENCY OF
DATA RELAY:

LOCATION OF USERS:

ESTIMATED DATA DELAY:

COMMENT :

REFERENCES:

High Seas Ships of the U.S. Cooperative Ship Program
(ships of opportunity) of the National Weather Service

Meteorology

This is part of an international program to obtain
synoptic weather reports from the high seas.

1700 U.S. ships at present with a planned increase
to 2000 over the next 5 years.

Worldwide, however, ships relay observations to NWS
only when they are in the North Atlantic and North
Pacific Oceans.

Marine surface observations of ships on the high seas
include wind speed and direction, visibility, present and
past weather, sea level pressure, dry bulb and wet bulb
air temperature, ciouds, 3-hr pressure change, air-sea
temperature difference, dew point, water temperature,
wave height and period, swell height, period, and
direction.

Manually

Every 6 hours at world standard synoptic times, and
hourly upon request.

By ship-to-ship radio teletype to a coastal radio
station accepting ships weather observations, and then

by teletype to NMC, where it is relayed on domestic
and international data circuits.

Same as frequency of measurement

NMC, 4 WSFO's preparing high-seas marine forecasts,
and international users.

One to six hours

Approximately 7000 ships worldwide participate in this
type of program.

1;72; 6, 7,9, 10
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NETWORK Upper-Air Observational Network of the National Weather
IDENTIFICATION: Service

APPLICATION: Meteorology

PURPOSE: To obtain basic data on the vertical and horizontal
distribution of pressure, temperature, water vapor,
and wind to provide forecasters with a three-dimensional
picture of the atmosphere.

NUMBER OF STATIONS: 175

LOCATION OF STATIONS: There are 110 stations in the 48 states, 14 in Alaska,
5 in Hawaii, and 46 outside the U.S.

PARAMETERS MEASURED, PiTot balloons are free-rising balloons inflated to a

METHOD, AND FREQUENCY predetermined 1ift., They are tracked visually. Theie

OF MEASUREMENTS: height is determined by timing the ascent and winds aloft
are calculated using graphical techniques. Pibal cbserva-
tions are taken one to four times a day at 69 locationms.

Rawinsonde observations are taken by sending aloft by
balloon an instrument that senses temperature, pressure,
and humidity and telemeters these parameters back to a
ground station. Electronic tracking equipment at the
ground station is used to determine winds aleft. Rawin-
sonde observations are taken one or two times a day at
0000 and 1200 GMT at 132 locations.

Low Tevel soundings use slow-ascent balloons carrying
temperature and relative humidity sensors. Wind data is
obtained by electronic and visual tracking. Low level
soundings are taken once or twice a day at 9 locations.

High altitude balloons sample rawinsonde datz up to

100,000 feet. Observations are normally taken once a
day at 25 upper-air stations.

Transponder radiosondes permit very accurate measurement
of strong winds aloft, and are used at 33 Tocations
taking rawinsondes.

DATA RELAY METHOD: By teletypewriter

FREQUENCY OF Same as frequency of measurement
DATA RELAY:

LOCATION OFf USER: NMC and possibly other NWS forecasting offices, and
international users.
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ESTIMATED DATA DELAY: One to four hours

COMMENT : This includes upper-air observations at 32 cooperative
upper-air stations.
REFERENCES: 1, 2, 3, 62, 80, 81
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NETWORK
IDENTIFICATION:

APPLICATION:
PURPOSE:

NUMBER OF STATIONS:

LOCATION OF STATIONS:

PARAMETERS MEASURED:

METHOD QF
MEASUREMENT :

FREQUENCY OF
MEASUREMENT :

DATA RELAY METHOD:

FREQUENCY OF
DATA RELAY:

LOCATION OF USERS:

ESTIMATED DATA DELAY:

COMMENT :

REFERENCES:

Upper-air observations of the Department of Defense and
other Federal Agencies.

Meteorology

To provide upper-air data in support of activities of
each agency.

Upper-air observations are made at 6 stations by the
Army, at 2 stations by the Navy, at 5 stations by the
Air Force and at 1 station by NASA.

Throughout the 48 states

Rawinsonde observations

Automatically

The majority of these observations are unscheduled,

and are made according to data requirements of agency
activities.

The majority of observations are relayed by teletype

on COMET, the military meteorological communications
network.

Same as frequency of measurement

Military forecasting offices and occasionally NWS fore-
casting offices.

One to four hours

The Department of Defense also takes irregular un-
scheduled upper-air observations at a number of-.schools,
at mobile locations, and at research, deveiopment, test,

and evaluation facilities.

2, 96, 97
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NETWORK
IDENTIFICATION:

APPLICATION:
PURPOSE:

NUMBER OF STATIONS:
LOCATION OF STATIONS:
PARAMETERS MEASURED:
METHOD OF
MEASUREMENT:

FREQUENCY OF
MEASUREMENTS :

DATA RELAY METHOD:

FREQUENCY OF
DATA RELAY:

ESTIMATED DATA DELAY:
COMMENT ¢
REFERENCES:

Meteorological rocket soundings of the Department of
Defense, NASA, and other agencies.

Meteorological

To provide meteorological data from the upper atmosphere
as part of a coordinated program of meteorological data
acquisition, for meteorological research, for concurrent
mission support, and for rocket research and development.
24

Throughout the western hemisphere

Wind speed and direction, temperature, density, and/or
pressure, depending upon the rocket payload.

Automatically

Several Taunches per week at 1200 GMT

The stations that are part of the Cooperative Meteorological

Rocket Network transmit observations on available weather
communications circuits.

Same as frequency of measurement

Four to eight hours
Rocketsonde data reduction is performed by computer.

2, 82, 101
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NETWORK
IDENTIFICATION:

APPLICATION:
PURPOSE:

NUMBER OF STATIONS:

LOCATION OF STATIONS:

PARAMETERS MEASURED:

METHOD OF
MEASUREMENT :

FREQUENCY OF
MEASUREMENT :

DATA RELAY METHOD:
FREQUENCY OF

DATA RELAY:
LOCATION OF USERS:

ESTIMATED DATA DELAY:

COMMENT :

REFERENCES:

Meteorological Radar Observation Network of National
Weather Service

Meteorology

To observe precipitation patterns as depicted by radar,
and provide areal coverage, height, intensity, and
precipitation movement information.

126

There are 56 weather radars, and 70 Tocal warning radars.
Throughout the 48 states

Radar echoes of precipitation patferns

Manually

Hourly and more frequently when significant weather

events are occurring.

Radar reports are relayed on the RAWARC teletypewriter
network.

Same as frequency of measurement

NWS forecasting offices, and the Radar Analysis and
Development Unit in Kansas City.

Oné to three hours

There are 32 radar stations with radar remoting equipment
that transmits radarscope images to locations remote from

the radar site.

1, 2, 3, 19, 83, 94, 95
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NETWORK
IDENTIFICATION:

APPLICATION:
PURPOSE:

NUMBER OF STATIONS:
LOCATION OF STATIONS:
PARAMETERS MEASURED:
METHOD OF
MEASUREMENT :

FREQUENCY OF
MEASUREMENT :

METHOD OF
DATA RELAY:

FREQUENCY OF
DATA RELAY:

LOCATION OF USERS:
ESTIMATED DATA DELAY:
COMMENT :

REFERENCES:

FAA Air Traffic Control Radars in the basic weather
radar network

Meteorology

To provide weather data from the mountainous regions of
the west where the expense of installation prevents
placement of weather radars.

22

Western U.S. and Alaska

Echoes of precipitation patterns occurring on air traffic
control radars.

Manually

Continuously

Radarscope images are transmitted via microwave 1inks,
Continuously

5 Air Route Traffic Control Centers
Real-time

Air Route Traffic Control Centers extract information
from the air traffic control radarscope images for
radar messages and composites which are relayed by a
facsimile civrcuit to Salt Lake City ARTCC where a final
composite is prepared and relayed by a telephone data
Tink to the National Severe Storms Forecast Center, and
other users of weather radar data.

1, 2, 19, 95
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NETWORK
IDENTIFICATION:

APPLICATION:
PURPOSE:

NUMBER OF STATIONS:

LOCATION OF STATIONS:

PARAMETERS MEASURED:

METHOD OF
MEASUREMENT :

FREQUENCY OF
MEASUREMENT:

DATA RELAY METHOD:

FREQUENCY OF
DATA RELAY:

LOCATION OF USERS:

ESTIMATED DATA DELAY:

REFERENCES:

Air Force Weather Radar Observation Network

Meteorology

To observe precipitation patterns as depicted by radar,
and provide area coverage, height, intensity, and pre-
cipitation movement information in support of military
operations.

83

Throughout the 48 states

Radar echoes of precipitation patterns

Manuaily

Hourly and more frequently when significant weather

events are occurring.

Radar reports are relayed on COMET, the military meteoro-
Togical teletypewriter communications network.

4

Same as frequency of measurement

Military weather users throughout the U.S. and NWS
One to three hours

2, 95, 97
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NETWORK
IDENTIFICATION:

APPLICATION:
DESCRIPTION:

NUMBER OF STATIONS:
LOCATION OF STATIONS:
PARAMETERS MEASURED

AND FREQUENCY OF
MEASUREMENT:

METHOD OF
MEASUREMENT :

DATA RELAY METHOD,
FREQUENCY OF DATA

RELAY, AND LOCATION
OF USER:

ESTIMATED DATA DELAY:

COMMENT :

+

Substation Network of the National Weather Service

Hydrology, Climatology, Meteorology, Agriculture

The National Substation Program provides data for climatic,
hydrologic, agricultural, and other local service programs.
The distinctive feature of this program is that the
observations are taken by lay persons. Basic data from
this network is used in connection with climate studies,
and some reports serve operational purposes to meet the
needs of hydrologic and agricultural forecasting. Some
stations are operated cooperatively with other agencies
whose needs are beyond those normally provided by NWS.

9,445

Throughout the 50 states, Puerto Rico, and several
Pacific islands

Hourly measurements of precipitation are made at stations
having recording precipitation gauges. Daily precipitation
measurements are made at stations having non-recording
gauges. Cumulative precipitation during irregular in-
tervals is measured at stations having storage precipi-
tation gauges. Some stations makedaily measurements of
maximum and minimum air temperature, evaporation and

wind, and soil temperature.

Manually except for automatic recording precipitation
gauges.

Data that are used for climate studies are mailed monthly
to a regional substation, and eventually mailed to the
National Climate Center in Ashville, N.C. Data that are
used operationally for agricultural and hydrologic fore-
casting are relayed verbally by telephone and radio daily
and more frequently if needed to the appropriate NWS
forecasting office.

One to two months for data used for climate studies, and
one to three hours for data used for forecasting.

A1l 9,445 stations provide data for climate studies and
1,726 of these stations also provide data for agricultural
and hydrologic forecasting.

In addition to these 9,445 stations, the substation net-
work has 1,090 NWS river reporting stations, and approxi-
mately 750 river gauging stations operated by the Corps of
Engineers and the Geological Survey that provide NWS with
river stage and precipitation data for hydrological fore-
casting. These stations are described separately.
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REFERENCES:

In addition to the 9,445 stations, the substation
network has 356 statjons operated by the Corps of
Engineers, 28 stations operated by Tennessee Valley
Authority, and 481 stations operated by various forestry
and fire-control agencies that also provide NWS with
data for climate studies and for agricultural, hydro-
Togic, and fire-weather forecasting. These stations are
described separately.

1, 13, 14, 15, 16, 17, 61, 69, 92, 98
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NETWORK
IDENTIFICATION:

APPLICATION:
DESCRIPTION:

NUMBER OF STATIONS:

LOCATION OF STATIONS:

PARAMETERS MEASURED:

METHOD OF
MEASUREMENT :

FREQUENCY OF
MEASUREMENT :

DATA RELAY METHOD
AND FREQUENCY OF
DATA RELAY:

Surface Water Network of the Water Resources Division
of the U.S. Geological Survey

Hydrology

The main objective of the Water Resources Division is
to provide a continuing inventory of the nation's water
resources. To meet part of this objective they have
developed a hydrologic data network to measure stream
flow. Most of the data collected from this network is
published in the Geological Survey's Water Supply .
Papers, and provides a basis for the development, con-
servation, and management of water resources.

18,244

There are 17,481 stations in the 48 states, 14 in a
small portion of Canada, 199 in Alaska, 238 in Hawaii,
and 312 outside the U.S.

Surface water stage (height of water level in streams,
rivers, lakes, and estuaries).

Some stations also measure precipitation.

The Geological Survey also makes discharge measurements
at many gauging stations. Discharge is a measure of the
volume of water which flows past a given point in a
stream during a given amount of time. Discharge measure-
ments are made by measuring the flow rate of water

at various locations throughout the cross-section of a
stream. Discharge measurements are made for various
stages of a stream and a stage-discharge relationship

is determined. This relationship is used to compute

the daily discharge from stage data. Discharge measure-
ments are made periodically to verify the existing
stage~-discharge relationship and to incorporate any
changes that may occur due to natural or man-made causes.
Current methods for making discharge measurements are
not considered applicable to satellite data coilection.

Many measurements are made and recorded automatically,
but some measurements are made manually.

Continuously to annually including monthly, weekly,
daily, hourly, and every 5 and 15 minutes.

Stage data that is automatically recorded at gauging

stations is relayed by courier and sometimes by mail
from once a week to every six weeks.
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LOCATION OF USERS:

ESTIMATED DATA DELAY:
COMMENTS :

REFERENCES:

Some data is relayed by telemetry by Tlandlines and by the
LANDSAT satellite, and probably verbally by telephone
also. This data is relayed on-demand to once a day.

U.S.G.5. field offices throughout the U.S. and U.S.G.S.
headquarters in Reston, Virginia, and other users of
hydrologic data including NWS and the Corps of Engineers.

One to four months, and real-time to three hours
Geological Survey personnel collect the recorded stage
data from a gauging station when they attend the station
to perform routine maintenance and/or make discharge
measurements,

21, 24, 25, 26, 27, 28, 31, 32, 33, 102, 103, 104
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NETWORK
IDENTIFICATION:

APPLICATION:
PURPOSE:

NUMBER OF STATIONS:

LOCATION OF STATIONS:

PARAMETERS MEASURED:

METHOD GF
MEASUREMENT:

FREQUENCY OF
MEASUREMENT :

DATA RELAY METHOD:

FREQUENCY OF
DATA RELAY:

LOCATION OF USERS:

ESTIMATED DATA DELAY:

COMMENT :

REFERENCES:

Water quality observing stations of the U.S. Geological
Survey

Hydrology

To provide an inventory of the quality of the nation's
water resources that can be used to determine the
suitabiiity of water for various uses.

There are 8,453 water quality stations, These stations
may monitor water quality parameters that can be measured
by sensors as well as parameters that can only be measured
by laboratory analysis of a collected sample. Measure-
ments of those parameters which require laboratory analysis
are not considered applicable to satellite data collection
at this time. There are 7,826 stations that monitor one
or more of the water quality parameters that can be
measured by sensors.

There are 7,407 stations in the 48 states, 177 in Alaska,
154 in Hawaii, and 88 outside the U.S.

Water temperature, specific conductance, pH, turbidity,
dissolved oxygen, and chioride can be measured operationally
by sensors.

These parameters are currently being measured manually
and automatically by sensor and by laboratory analysis

of a collected sample.

The frequency of measurement ranges from continuously to
annually including hourly, daily, and monthly. A single
station may monitor several water quality parameters each
with a different frequency of measurement.

By courier and by mail

Daily to annually

U.5.G.S. field offices throughout the U.S. and the
U.S.G.S. headquarters in Reston, Virginia

One to four months

Many water quality stations are located at surface water
and ground water stations.

22, 25, 26, 30, 31, 32, 33, 70, 75, 105, 106, 107
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NETWORK

IDENTIFICATION:

APPLICATION:
PURPOSE:

NUMBER OF
STATIONS:

LOCATION OF
STATIONS:

PARAMETER
MEASURED:

METHOD OF
MEASUREMENT :

FREQUENCY OF
MEASUREMENT :

DATA RELAY
METHOD :

FREQUENCY OF
DATA RELAY:

LOCATION OF
USERS:

ESTIMATED
DATA RELAY:

REFERENCES:

Ground water observing stations of the U.S. Geological
Survey

Hydrology
To assess changes in ground-water conditions.

18,268

There are 17,882 stations in the 48 states, 78 in Alaska,
165 in Hawaii, and 143 outside the U.S.

Ground water level

Most measurements are made manually, but some wells

have automatic recording gauges.

Continuously to annually
By courier and by maijl
Daily to annually

G.S. field offices throughout the U.S. and the
G.S. headquarters in Reston, Va.
t

u.s.
u.s.

One to four months

23, 25, 26, 29, 31, 33, 108
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NETWORK

IDENTIFICATION:

APPLICATION:
DESCRIPTION:

NUMBER OF
STATIONS:

LOCATION OF
STATIONS:

PARAMETERS
MEASURED:

METHCD OF
MEASUREMENT :

FREQUENY OF
MEASUREMENT :

DATA RELAY
METHOD:

FREQUENCY OF
DATA RELAY:

LOCATION OF
USERS:

Data Collection Network of the U.S. Army Corps of
Engineers

Hydrology

The primary responsibilities of the Corps of Engineers
involves flood control and navigation. As part of these
responsibilities they also address the water resource
objectives of hydroelectric power generation, municipal
and industrial water supply, water quality, recreation,
fish and wildlife conservation, irrigation, and preser-
vation of ecological resources. The Corps of Engineers
constructs and operates meny projects such as dams and
reservoirs. Operation of these structures to regulate
flood waters and manage water resources reguires a
variety of hydrological and meteorclogical data.

Approximately 5,500, some of which are part of a 5 year
plan.

Throughout the U.S.

River or Take stage, precipitation, snow cover, wind
speed and direction, barometric pressure, tide levels
and other oceanographic data, air temperature, socil
temperature, air moisture, soil moisture, water quality
data, evaporation, spiliway gate opening, solar radia-
tion, and ground water level.

Each station measures only a few of these parameters.

Manually, automatically, and by laboratory analysis
of collected samples.

Continuously to annually

A variety of methods of relaying data in near real time
are used including voice relay by telephone and radio,
teletype, telemark, microwave relay networks, and
experimentally by the LANDSAT satellite. Data not
required in real time is relayed by courier, and pos-
sibly by mail.

On~demand to annually

10 Division offices and/or 35 District offices through-
ﬁﬁE the U.S. and other users of hydrologic data inciuding

428



ESTIMATED Ranges from real time to one month depending upon the
DATA DELAY: application of the data.

COMMENT : The Corps of Engineers has a 5-year plan for near real time
data collection from the majority of its stations.

REFERENCES: 29, 32, 34, 35, 36
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NETWORK River Reporting Stations of the Substation Network

IDENTIFICATION: of the National Weather Service

APPLICATION: Hydrology

DESCRIPTION: The NWS collects hydrologic data in conjunction with
meteorological data for use in river and flood fore-
casting and to support water management.

NUMBER OF 1,090

STATIONS:

LOCATION OF Throughout the U.S.

STATIONS:

PARAMETERS River stage

MEASURED:
Precipitation measurements are made at some stations.

METHOD OF Manually and automatically

MEASUREMENT :

FREQUENCY OF Continuously to daily

MEASUREMENT :

DATA RELAY There are 117 Automatic Hydrologic Observing Systems

METHOD AND which provide automatic collection of river stage and

FREQUENCY OF

rainfall data by land Tine when interrogated from a

DATA RELAY: distant station. At other stations an observer transmits
the data verbally by telephone or radio. These observers
may make reports as often as 4 times a day during flood

conditions.
LOCATION OF 12 River Forecast Centers and 69 River District Offices
USERS: throughout the U.S. and other users of hydrologic data

including the Corps of Engineers.

ESTIMATER Real=-time to three hours
DATA DELAY:

COMMENTS: Automatic Hydrologic Observing Stations using radio and
satellite communication links are planned.

The Geological Survey and the Corps of Engineers provide
the NWS Hydrologic Forecasting Program with stage data
from approximately 750 stations which are considered
part of the NWS Substation Network.

REFERENCES: 1, 11, 12, 32, 90
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NETWORK

IDENTIFICATION:

APPLICATION:
DESCRIPTION:

NUMBER OF
STATIONS:

LOCATION OF
STATIONS:

PARAMETERS
MEASURED:

METHOD OF
MEASUREMENT :

FREQUENCY OF
MEASUREMENT :

DATA RELAY
METHOD AND

FREQUENCY OF
DATA RELAY:

ESTIMATED
DATA DELAY:

COMMENT :

REFERENCES :

Data Collection Network of the Tennessee Valley Authority

Hydrology

The Tennessee Valley Authority operates a system of dams
and reservoirs on the navigable Tennessee Waterway to
provide flood protection and hydroelectric power. This
system also provides recreational opportunities, sustained
water supplies for homes, farms, and factories. The
operation of this system is governed by the annual pat-
tern of runoff. Operating guides, showing the water
Tevels to be maintained in each reservoir during the
different seasons of the year have been developed from
many decades of runoff records. The regulation of
reservoir levels and stream flow also requires predictions
of amounts of rainfall expected and reports of rainfall
and stream stage.

1155 planned for 1978-1986
Tennessee River Valley

There are plans for 444 stations measuring precipitation,
180 stations measuring water stage, 30 stations measuring
wind and temperature, 200 stations measuring water quality,
173 stations measuring ground water, and 128 air qualtiy
monitors.

Manually, automatically, and by laboratory anaiysis of
collected samples.

Continuously to annually, and on-demand at some stations.

Data is telemetered on-demand at some stations. At other
stations data is recorded, and relayed upon request by

an observer by telephone. At other stations data is
recorded and relayed every few weeks by courier. At
stations where measurements are made infrequently, data is
relayed by courier at the same frequency as the measure-
ments.

Real=-time to one month

The Tennessee Valley Authority currently has plans to
install telemetry at more of its stationms.

29, 32, 37, 39, 39, 91
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NETWORK

IDENTIFICATION:

APPLICATION:
DESCRIPTION:

NUMBER OF
STATIONS:

LOCATION OF
STATIONS:

PARAMETERS
MEASURED:

METHOD OF

MEASUREMENTS:

FREQUENCY OF
MEASUREMENT:

METHOD OF
DATA RELAY:
FREQUENCY OF
DATA RELAY:

ESTIMATED
DATA DELAY:

COMMENTS:

REFERENCES:

Hydrologic Network of the Bureau of Reclamation

Hydroiogy, Agriculture

The Bureau of Reclamation assists in managing the water
resources of the 17 western states. Reclamation projects
provide water for-irrigation, hydroelectric power genera-
tion, municipal and industrial use and recreation, as

well as providng flood control. The Bureau of Reclamation
operates a monitoring network to provide the hydrologic
and meteorological data that are needed to effectively
operate these projects.

199 surface water stations, 4920 ground water stations,
334 water quality stations, of which 282 monitor parameters
that can be measured by sensors.

17 western states

Surface and ground water level, water quality, and
precipitation

Measurements are made manually, automatically, and by
laboratory analysis of collected samples.

Continuously to annually
Some of the data is probably relayed by courier and by
mail, some data is telemetered, and some data is probably

relayed verbally by telephone.

Hourly to annually
Real-time to three months

The Bureau of Reclamation also operates a network of
meteorological observing stations, 49 of which are
included in the NWS substation network.

Seven data collection platforms that relay meteorological
and hydrologic data via the LANDSAT satellite have been
installed in southwestern Colorado.

29, 32, 40
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NETWORK

IDENTIFICATION:

APPLICATION:
PURPOSE:
NUMBER OF
STATIONS:

LOCATION OF
STATIONS:

PARAMETERS
MEASURED:

METHOD OF
MEASUREMENT :

FREQUENCY OF
MEASUREMENT :

DATA RELAY
METHOD:

FREQUENCY OF
DATA RELAY:

LOCATION OF
USER:

ESTIMATED
DATA DELAY:

COMMENT :

REFERENCES:

Tide Network of the National Ocean Survey

Oceanography

To provide the data used to predict the tides and provide
data for ccastal flood warnings.

139
On the East Coast, Gulf Coast, West Coast, Alaskan
Coast, and in the Pacific Ocean.

Tidal variations in water level.
Automatically
The tide gauges continuously record the water Tevel.

Data used to predict the tides is probably relayed
by courier and by mail. Some data for coastal flood
warnings is telemetered, and some is probably telephoned.

Data used to predict tides is probably relayed weekly
and data for coastal flood warnings is probably relayed
every half hour to daily.

National Ocean Survey and National Weather Service
offices participating in the coastal flood warning program.

Real-time ta two months

Several of these stations may be part of the Tsunami
Warning Systems in the Pacific and in Alaska.
Observations of surface water temperature and density
and measurements of tidal currents are made at.some

tide stations.

32, 41, 42, 43, 44, 45, 65, 71
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NETWORK

IDENTIFICATION:

APPLICATION:
PURPQSE;

NUMBER OF
STATIONS:

Hydrologic Networks of other Federal and Non-Federal
agencies (see comment below)

Hydrology, Environmental Quality, Forestry

Hydrologig data are collected for a wide variety of
reasons, including those which have already been
mentioned for other agencies.

19,014

There are 3,029 surface water stations, 10,806 water
guality stations of which 10,168 monitor at least one of
six parameters that can be measured operationally by
sensors, and 5,179 ground water stations.

Surface Water Stations

Federal

165 - Forest Service
123 - International Boundary and Water Commission

197 - Remaining Federal Agencies
185 - Total Stations

Non-Federal

333 - Minnesota Department of Natural Resources

245 -« I11inois Department of Public¢ Works and
Buildings

214 - California Department of MNatural Resources

176 - Los Angeles County Flood Control District

173 - City of Los Angeles, Department of Water
and Power
156 - Oregon State Engineer

1,247 - Remaining Non-Federal Agencies
2,544 - Total Non-Federal Stations

Ground Water Stations

Federal

683 - Atomic Energy Commission

169 - Naval Facilities Engineering Command
143 - Bureau of Indian Affairs

995 - Total Federal Stations

Non-Federal

3,796 - Texas Water Development Board
157 - North Carolina Department of Natural and
Economic Resources
91 - Chio Department of Natural Resources
77 - Memphis Light, Gas, and Water Division
63 - Remaining Non-Federal Agencies

4,184 - Total Non-Federal Stations
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LOCATION OF
STATIONS:

PARAMETERS
MEASURED:
METHOD OF
MEASUREMENT :

FREQUENCY OF
MEASUREMENT :

DATA RELAY
METHOD:

FREQUENCY OF
DATA RELAY:

ESTIMATED
DATA DELAY:

Water Quality Stations (making measurements of one

Federal

270
212

80
164
726

or more water quality parameters
that can be measured operationally
by sensors)

Naval Facilities Engineering Command
Forest Service

Energy Research and Development Agency
Remaining Federal Agencies

Total Federal Agencies

Non-Federal

1,422 -

816
637

614
509 -
471 -

432 -
4,78t -
9,687 -

South Carolina Department of Health and
Environmental Control

California Department of Water Resources
Idaho Department of Environmental and Com-
munity Services

I11inois Department of Public Health
Division of Health of Missouri

Bureau of Environmental Engineering, Arkansas
State Department of Health

Mississippi State Board of Health
Remaining Non-Federal Agencies

Total Non-Federal Stations

Throughout the U.S.

Surface and ground water level, precipitation, and the
six water quality parameters for which operational
sensors are availabie.

Manually,

automatically, and by laboratory analysis of

collected samples.

Continuously to annually

Any of the previously mentioned data relay methods
may be used by a particular user.

Probably on-demand to annually

Real-time

to two months
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COMMENT:

REFERENCES:

Federal agencies not mentioned specifically include
Army Health Services ,Command, Bonneville Power Admin-
istration, Bureau of Land Management, Fish-Wildlife
Sarvice, Marine Corps, National Marine Fisheries
Service, Soil Conservation Service, Environment Canada,
Water Quality Branch, and Environment Canada, Water

Resources.

29, 32
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NETWORK

IDENTIFICATION:

APPLICATION:
PURPOSE :

NUMBER OF
STATIONS:

LOCATION OF
STATIONS:

PARAMETERS
MEASURED:

METHOD OF
MEASUREMENT :

FREQUENCY OF
MEASUREMENT:

DATA RELAY
METHOD:

FREQUENCY OF
DATA RELAY:

LOCATION OF
USERS:

National Air Surveillance Network and Continuous Air
Monitoring Pregram of the Environmental Protection Agency

Environmental Quality

These networks provide the air quality data necessary to
evaluate the state of the environment and to make
management decisions on controlling pollution. More
specifically, the data are needed to determine the
current state of pollution, to establish standards for
pollutant concentrations, to determine trends in environ-
mental qualitly, and to determine the degree of compliance
with standards.

320

Throughout the U.S.

There are 322 total suspended particulate monitors,

261 sulfer dioxide monitors, 292 nitrogen dioxide
monitors, 44 carbon monoxide monitors, 40 photochemical
oxidant monitors, and 7 hydrocarbon monitors.

Some monitors have sensors to detect air pollutants
and automatic recording devices, while other monitors
semi-automatically sample the air and the pollutants
are detected by laboratory analysis of the_collected
sample. There are operational sensors to detect all
of the above parameters.

The monitors with sensors operate continuously providing
a record of instantaneous concentration, or frequent
integrals of concentration of the pollutant whichare
used to determine hourly arnd daily averages of concen-
tration. Monitors that sample the air for a period of
time also produce hourly and daily values of concentra-
tion.

Probably by courier and by mail

Probably ranges from one or more times daily to weekly.

Various EPA laboratories and offices, inciuding the 20
regional offices.
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ESTIMATED One to four months.
DATA DELAY:

COMMENT : In many cases these stations serve as an element in a
state or local network.

REFERENCES: 46, 48, 49« 70, 85, 86
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NETWORK

IDENTIFICATION:

APPLICATION:
PURPOSE::

NUMBER OF
STATIONS:

LOCATION .OF
STATIONS:

PARAMETERS
MEASURED:

METHOD OF
MEASUREMENT :

FREQUENCY OF
MEASUREMENT :

DATA RELAY
METHOD:
FREQUENCY OF
DATA RELAY:

LOCATION OF
USERS:

ESTIMATED DATA
DELAY:

COMMENT:

REFERENCES:

State and local air quality monitoring networks (state
operated and EPA supervised)

Environmental Quality

To evaluate the state of the environment, to support
legislative requirements and to access compliance with
air quality standards.

4785

Throughout the 50 states, Puerto Rico, and several
Pacific Islands.

There are 3841 total suspended particulate monitors,
2297 sulfer dioxide monitors, 1315 nitrogen dioxide
monitors, 454 carbon monoxide monitors, and 451
photochemical oxidant monitors.

Some monitors have sensors to detect air pollutants
and automatic recording devices, while other monitors
semi-automatically sample the ajr and the pollutants

are detected by laboratory analysis of the collected
sample.

Continuous sampling or sensing to determine hourly and
daily averages.

Generally by courier, although some stations, generally
in areas with poor air quality, are equipped with
telemetry, usually by telephone lines.

On-demand to daily

Users include many Jocal agencies, the state agencies
responsible for environmental protection, and EPA.
Real-time to one day

The number of stations indicated above is the number

proposed by each state in its implementation plan.

46, 49, 50, 84, 86, 87, 88
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NETWORK
IDENTIFICATION:
APPLICATION:

NUMBER OF
STATIONS:

PARAMETERS
MEASURED:
COMMENT :

REFERENCES :

Particle Size Network, Membrane Filter Network, and
Precipitation Network of the Environmental Protection
Agency

Environmen?al Quality

10 particle size fractionation stations, 50 membrane
filter stations, and 17 precipitation stations.

Particle size fractionation and trace metal analysis
of particles, trace metal analysis of membrane filters,
and precipitation.

Present methods for these types of monitoring are not
considered applicable to satellite data collection.

46, 49
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NETWORK

IDENTIFICATION:

APPLICATION:
PURPOSE:

NUMBER OF
STATIONS:

LOCATION OF
STATIONS:

PARAMETERS
MEASURED:

RETHED OF
MEASUREMENT :

FREQUENCY OF
MEASUREMENT :

DATA RELAY
METHOD:

FREQUENCY OF
DATA RELAY:

LOCATION OF
USER:

ESTIMATED
DATA DELAY:

REFERENCES :

Regional Air Monitoring System of Regional Air Pollution
Study of the Environmental Protection Agency

Environmental Quality, Meteorology

The system was designed to be a research tool to
develop mathematical simulation models of atmospheric
models affecting the transport and concentration of
air pollutants.

25

These stations are arranged to form four concentric
circles at distances of 4, 9, 20 and 40 kilometers

from the center of St. Louis, Missouri.

Ozone, nitrogen monoxide, nitrogen oxides, and nitrogen
dioxide inference, total hydrocarbons, methane, carbon
monoxide, total sulfur, hydrogen sulfide, sulfur dioxide,
visibility, fine particulates, wind speed and direction,
ambient temperature, temperature differential between
ground level and 30 meters, barometric pressure, dewpoint,
total incident solar radiation, 300-395 nm radiation,

and 300-695 nm radiation.

AufomaticaTTy

Every half second to produce one-minute and hourly
averages.

Telephone

Every minute

Central Facil{fy in St. Louis, Missouri.
Real-time

46, 47
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NETWORK

IDENTIFICATION:

APPLICATION:
PURPOSE:

NUMBER OF
STATIONS:

LOCATION OF
STATIONS:

PARAMETERS
MEASURED: -

METHOD OF

MEASUREMENT:
FREQUENCY OF
MEASUREMENT :

DATA RELAY
METHOD:

FREQUENCY OF
DATA RELAY:

LOCATION OF
USERS:

ESTIMATED
DATA DELAY:

COMMENT :

REFERENCES:

Water Quality Network of the Environmental Protection
Agency -

Environmental Quality

To establish water quality and effluent standards for
fresh and marine waters, and to provide surveillance of
water quality.

Thera are 535 water quality stations. Parameters that
can be measured operationally by sensors are monitored
at 432 stations.

Throughout the U.S.

Water temperature, specific conductance, pH, turbidity,
dissolved oxygen and chloride.

These parameters are currently being measured manually
and automatically by sensors, and by laboratory analysis
of collected samples.

Continuously to annually

Probably by courier and by mail

Probably ranges from every one or two weeks to annually.
10 Regional Offices and Office of Watéﬁ Programs.

One to four months

Many Federal and State agencies monitoring water quality

send data to EPA.
32, 46
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NETWORK
IDENTIFICATION:

APPLICATION:
PURPOSE:

MONITORING
ACTIVITIES:

NUMBER OF
STATIONS:

COMMENT:

REFERENCES :

Federal and State Pesticide Monitoring Activities

Environmental Quality

To characterize and quantify levels of pesticides
and their residues throughout the environment.

Pesticide monitoring involves collecting samples of
soil, air, water, food, fish, birds, and human tissue,
and analyzing them in a laboratory for pesticides and
pesticide residues.

16,361

Present methods of pesticide monitoring are not con-
sidered applicable to satellite data collection.

Federal agencies involved in pesticide monitoring
activities include Environmental Protection Agency,
Animal and Plant Health Inspection Service, Fish

and Wildlife Service, Department of the Army, U.S.
Geological Survey, U.S. Air Force., Food and Drug
Administration, Atomic Energy Commission, Bonneville
Power Administration, National Aeronautics and Space
Administration, National Oceanic and Atmospheric
Administration, and Panama Canal Company.

46, 51
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NETWORK
IDENTIFICATION:

APPLICATION:

PURPOSE:

ACTIVITIES:

NUMBER OF
STATIONS:

COMMENTS :

REFERENCES:

Environmental Radiation Ambient Monitoring System
(ERAMS) of the Environmental Protection Agency and
State Environmental Radioactivity Surveillance Programs

Environmental Quality

To establish radiation standards and to quantify
emissions from ionizing and non-ionizing radiation
sources.

Radiation monitoring involves the collection and
Taboratory analysis of samples of air, water, miik,
human bone, and other biological matter to identify
the levels of radiocactivity throughout the environment.

There are 503 stations operated by EPA and 7,767 stations
that are state operated.

Present methods of radiation monitoring are not con-
sidered applicable to satellite data collection.

46, 52
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NETWORK
IDENTIFICATION:

APPLICATION:
PURPOSE :

NUMBER OF
STATIONS:

LOCATION OF
STATIONS:

PARAMETERS
MEASURED AT
SNOW COURSES:

FREQUENCY OF
MEASUREMENTS AT
SNOW COURSES:

PARAMETERS
MEASURED AT
SOIL MOISTURE
STATIONS:

FREQUENCY OF
MEASUREMENTS AT
SOIL MOISTURE
STATIONS:

METHOD OF
MEASUREMENT :

DATA RELAY
METHOD:

FREQUENCY OF
DATA RELAY:

LOCATION OF
USERS:

Snow courses and soil moisture measurements conducted
by the Soil Conservation Service in cooperation with
other agencies

Hydrology

Water supply forecasting and the preparation of water
supply outlook reports.

1704

There are 1505 snow courses, 58 soil moisture stations,
and 141 snow course and soil mojsture stations.

Western United States and the Columbia River Basin in
British Columbia.

Snow depth and water equivaient. Approximately ten
samples are taken at each location and measurements of
snow depth and water equivalent of each sample are
made. The average of these values is reported.

Monthly or semi-monthly from January 1 through June 1.

Soil moisture and depth

Once in the Fall and monthly from February 1 through
June 1.

Manually

By courier, and possibly by mail

Same as frequency of measurement

Water supply outlock reports are prepared by State
offices of the Soil Conservation Service in ten states,
the California Department of Water Resources, and the
British Columbia Department of Lands, Forests, and
Water Resources.
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ESTIMATED
DATA DELAY:

COMMENTS:

REFERENCES:

One to three weeks

The Soil Conservation Service anticipates that in

the near future automatic snow water equivalent sensing
devices along with radio telemetry will provide a
continuous record of snow water equivalent at key
Tocations.

Cooperating agencies inciude the Bureau of Reclama-
tion, Corps of Engineers, Forest Service, National

Park Service, Weather Service, Geological Survey,
Department of Water Resources of Caiifornia, Department
of Lands, Forests, and Water Resources of British
Columbia, and other Federal Agencies, Departments of
State Government, Irrigation Districts, Power Companies,
and others.

53, 54
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NETWORK

IDENTIFICATION:

APPLICATION:
PURPOSE:

NUMBER OF
STATIONS:

LOCATION OF
STATIONS:

BASIC
PARAMETERS
MEASURED:
OTHER
PARAMETERS
MEASURED:
METHOD OF
MEASUREMENT :
FREQUENCY OF
MEASUREMENT:
DATA RELAY
METHOD:
FREQUENCY OF
DATA RELAY:

LOCATION OF
USERS:

ESTIMATED
DATA DELAY:

COMMENTS:

REFERENCES:

Fire Weather Observing Stations of the Forest Service,
the Bureau of Land Management, State forestry agencies,
and local fire~-control organizations

Meteorology, Forestry

To collect the data needed to provide warnings of
unusually high fire-danger, and to provide fire-weather
forecasts, including special forecasts to support fire
control and forest and range management activities.
2000

At ranger stations and fire look-outs throughout the
y.s.

Wind speed and direction, temperature, humidity, and
fuel moisture.

Precipitation, cloud types, visibility, and
occurrence of thunderstorms.

The majority of measurements are made manually, however,
an automatic fire-weather observing station has been
developed.

Once or twice per day during the fire-weather season;
more frequently when the fire-danger is high.

Voice transmissions by radio and telephone are used to
relay data from fire-weather stations to a ranger unit
and then to a National Weather Service Forecast Office.
Same as frequency of measurement

Ranger Units and 52 National Weather Service Offices
throughout the U.S.

Two to three hours.

481 of these stations aré part of the NWS Substation

network,

Z, 55, 56, 57, 60, 68, 93
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NETWORK
IDENTIFICATION:

APPLICATION:
PURPOSE:
NUMBER OF
STATIONS:

LOCATION OF
STATIONS:

PARAMETERS
MEASURED:

METHOD OF
MEASUREMENT:

FREQUENCY OF
MEASUREMENT:

DATA RELAY
METHOD:

FREQUENCY OF
DATA RELAY:

LOCATION OF
USER:

ESTIMATED
DATA DELAY:

REFERENCES:

Gamma Radiation Program of the National Weather
Service

Environmental Quality

To provide gamma radiation level data to the Defense
Civil Preparedness Agency during national emergencies.
140

At NWS stations throughout the U.S.

Gamma radiation

Manually

Twice-monthly observations are taken as an instrument

check and to provide basic data for background Tevels.
The twice-monthly observations are probably sent by
mail.

Same as frequency of measurement

Defense Civil Preparedness Agency Offices.

One month
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NETWORK
IDENTIFICATION:

APPLICATION:
PURPOSE :

NUMBER OF
STATIONS:

LOCATION OF
STATIONS:

PARAMETERS
MEASURED AND

FREQUENCY OF
MEASUREMENT =

METHOD OF
MEASUREMENT :

DATA RELAY
METHOD:

FREQUENCY OF
DATA RELAY:

LOCATION OF
USER:

ESTIMATED
DATA DELAY:

COMMENT :

REFERENCES:

Atmospheric Turbidity and Precipitation Sampliing Program
of the National Weather Service

Environmental Quality

To provide the Environmental Protection Agency with

data that will enable them to determine long-term

global trends in atmospheric constituents and properties
that are 1ikely to produce climate change. This environ-
mental monitoring network is part of a new program initiated
by the World Meteorological Organization. This program is
also part of the National Oceanic and Atmospheric Ad-
ministration's effort to establish a geophysical monitoring
network for climate change.

10 Regional Air Pollution Stations
15 Turbidity Monitoring Stations

At NWS stations throughout the U.S.

Regional Air Pollution statjons make turbidity measure-
ments at two wavelengths three times a day on cloudiess
days and collect precipitation for each period of oc-
currence. Turbidity monitoring stations make turbidity
measurements at one wavelength.

Probably manually
By maii

Once a month

EPA Laboratories
One to three months

Turbidity data and precipitation samples are sent to
EPA for analysis. Satellite data collection is not
applicable for the precipitation sampling portion of
this network.

1
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NETWORK

IDENTIFICATION:

APPLICATION:
PURPOSE :

NUMBER OF
STATIONS:

LOCATION OF
STATIONS:

PARAMETERS
MEASURED:

METHOD OF
MEASUREMENT:

FREQUENCY OF
MEASUREMENT «

LOCATION OF
USER:

METHOD OF
DATA RELAY:

FREQUENCY OF
DATA RELAY:

ESTIMATED
DATA DELAY:

COMMENT:
REFERENCES:

Ozone Monitoring Program of the National Weather Service;
part of a worldwide ozone monitoring network established
by the World Meteorological Organization

Climatology

To establish long-term trends in the ozone content of
the atmosphere to determine if man's activities are
causing any changes in the total ozone content of the
atmosphere.

6

At NWS stations throughout the U.S.

Ultra-violet radiation.

Dobson spectrophotometer

3 per day

Canada

By mail

Twice a month

One month

Ozonesondes are taken at one station.

1
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NETWORK

IDENTIFICATION:

APPLICATION:
PURPOSE:

NUMBER OF
STATIONS:

LOCATION OF
STATIONS:

PARAMETERS
MEASURED:

FREQUENCY OF
MEASUREMENT :

DATA RELAY
METHOD:

FREQUENCY OF
DATA RELAY:

LOCATION OF
USER:

ESTIMATED
DATA DELAY:

COMMENT:
REFERENCES:

Solar Radiation Program of the National Weather Service

Climatology

To furnish knowledge of the amount and distribution of
solar radiation received at the earth's surface. This
data is used to document climatological history.

92

NWS operates 62 stations and there are 30 cooperative
stations.

At NWS stations throughout the U.S.

Global radiation, direct radiation, and true solar noon
readings.

Daily

By mail

Once a month

National Climatological Center, Asheville, N. Carolina

One to two months

Data recording systems are planned for this network.

1
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NETWORK
IDENTIFICATION:

APPLICATION:
PURPOSE:

NUMBER OF
STATIONS:

METHOD OF
MEASUREMENT :

COMMENT :

REFERENCES:

Ion Exchange Program of the National Weather Service
in cooperation with the Atomic Energy Commission

Environmental Quality

To provide AEC with radioactive fallout data produced

by nuclear testing. This network enables AEC to monitor
the amounts of SRY0 and SR89 fallout from nuclear
testing and usage of nuclear weapons:

32

A column-type collector is exposed to the elements for
one month. The column collector is then replaced by a
new one. The exposed one is sent to the Health and
Safety Laboratory in New York City for analysis.

Present methods used for this type of monitoring are not
considered applicable to satellite data collection.

1
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NETWORK

IDENTIFICATION:

APPLICATION:
PURPOSE:

NUMBER OF
BUOYS:

LOCATION OF
BUQYS:

PARAMETERS
MEASURED:
METHOD OF
MEASUREMENT :

FREQUENCY OF
MEASUREMENT:

DATA RELAY
METHOD:
FREQUENCY OF
DATA RELAY:

ESTIMATED
DATA DELAY:

COMMENT ¢
REFERENCES:

NOAA data buoy network for basic monitoring

Meteorology, Oceanography

To provide the data needed for oceanic weather forecasting.
Presently there are 8 and plans call for 36 buoys.

Northern Pacific Ocean, Northern Atlantic Ocean, and

Gulf of Mexico.

Surface water temperature, and salinity,wave height and
period, air temperature and pressure, and wind speed and

direction.

Automatically

Every 3 or 6 hours and hourly when needed.

Data is presently telemetered by high frequency radio,
and may be telemetered by satellite at some time in the
future.

Same as frequency of measurement

One to six hours

Several buoys are also needed in the Great Lakes.

2, 6, 18, 89
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NETWORK
IDENTIFICATION:

APPLICATION:
PURPOSE:
NUMBER OF
BUOYS:

LOCATION OF
BUOYS:

PARAMETERS
MEASURED:

METHOD OF
MEASUREMENT -

FREQUENCY OF
MEASUREMENT :
DATA RELAY
METHOD:

FREQUENCY OF
DATA RELAY:

ILOCATION
OF USERS:

COMMENT :

Ocean buoys for specialized monitoring activities of
various programs and experiments

Oceanography, Meteorology, Climatology

To provide data for oceanographic research, and for
development of buoy technology.

The various experiments use approximately 350 buoys.

North Atlantic Ocean, North Pacific Ocean, Arctic Ocean,
and in the Antarctic.

Some of the buoys are moored, and others are free drifting.

Buoys are currently being used to measure wind speed and
direction, air temperature and pressure, dewpoint, pre-
cipitation, global radiation, wave height and period,
surface water temperature and salinity, subsurface water
temperature, current speed and direction, and the location
of drifting buoys.

Plans call for the development of buoys which are capable
of monitoring water quality.

Automatically
Ranges Trom once every 15 minutes to once every 12 hours
depending upon the buoy, the experiment, and the method
of data relay.

By satellite and high-frequency radio
Every 3 to 12 hours

Various primary and secondary scientists and researchers
who require marine data.

Synoptic.meteorological data are distributed to national
and international users of marine weather data for
weather forecasting.

The Coast Guard, Department of Defense, National Science

Foundation, and NOAA cooperate in the development of
environmental data buoys.
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Experiments and programs involving buoys are the
Northern Pacific Experiment, the First GARP Global
Experiment, the Arctic Ice Dynamics Joint Experiment,
the Polar Experiment, and NWS program to develop an
expendable meteorological drifting buoy.

REFERENCES: 18, 76, 77, 78, 89
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NETWORK Volcano Surveillance Network of the U.S. Geological
IDENTIFICATION: Survey

APPLICATION: Geology

PURPOSE: To establish, test, and evaluate a prototype volcano-
surveillance system. The long-range objective of this
project is to develop an automated volcano-surveillance
system to detect which volcanoes are undergoing rapid
internal changes and should be studied to predict
eruptions and assess the danger of eruptions. There
are more than 500 historically active voicanoes through-
out the world that could be monitored by this system.

NUMBER OF 29

STATIONS:

LOCATION OF 15 volcanoes in Alaska, California, Hawaii, and

STATIONS: Washington, and in Iceland, E1 Salvador, Guatemaia,

and Nicaragua.

PARAMETERS There are 23 stations equipped with multilevel seismic

MEASURED: event counters and 6 stations with braxial tiltmeters.
- METHOD OF ; . : " .

MEASUREMENT » © The multilevel seismic event counters count earthquakes

of four different amplitudes. An earthquake is assumed if
10 peaks of a rectified seismic signal exceed a given
threshold in 1.2 seconds and no peaks and exceeded the
threshold in the previous 15 seconds. Each instrument
contains 4 counters separated in threshold Tevel by factors
of four.

Tiltmeters measure tilt by eiectronica1ly monitoring
a tevel bubble.

FREQUENCY OF Continuous

MEASUREMENT :

DATA RELAY By the LANDSAT satellite to Goddard Space Flight Center,
METHOD AND and by teletype to the National Center for Earthquake
LOCATION OF Research in Menlo Park, California.

USERS:

FREQUENCY OF 6 to 10 times a day

DATA RELAY:

ESTIMATED One to two hours

DATA DELAY:

REFERENCES: 58, 59
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NETWORK

IDENTIFICATION:

APPLICATION:
PURPOSE:

NUMBER OF
STATIONS:

LOCATION OF
STATIONS:

PARAMETERS
MEASURED:

METHOD OF
MEASUREMENT :

FREQUENCY OF
MEASUREMENT :

METHOD OF
DATA RELAY:

LOCATION OF
USERS:

REFERENCES:

Seismotology Program of the Geological Survey and the
National Oceanic and Atmospheric Administration

Geology

To develop earthquake prediction techniques by monitoring
and analyzing the changes in various parameters that
currently appear to be premonitory of earthquakes.

45

California

There are 22 creepmeters that measure the distance that
the ground on one side of a fault has slipped in relation-
to the ground on the other side of the fault.

There are 15 tiltmeters that monitor the tilt of the
earth's surface near a fault.

There are 8 magnetometers that monitor the earth's
magnetic field.

Automatically
Continuously

Some stations telemeter data, and at other stations data
is recorded and presumably is retrieved by courier.

The Geological Survey at Menlo Park, California, the
Earthquake Mechanism Laboratory of NOAA in San Francisco,
California.

66, 74

4-57



NETWORK

IDENTIFICATION:

APPLICATION:
PURPOSE:

NUMBER OF
STATIONS:

LOCATION OF
STATIONS:

PARAMETERS
MEASURED:

METHOD OF
MEASUREMENT :

FREQUENCY OF
MEASUREMENT:

METHOD AND

FREQUENCY OF
DATA RELAY:

LOCATICN OF
USERS:

ESTIMATED
DATA DELAY:

COMMENT:

REFERENCES:

Seismograph Networks in the U.S.

Geology

To provide the seismic data needed to locate éarthquake
epicenters, and for earthquake research and earthquake
prediction.

635

There are 562 in the 48 states, 13 in Alaska, 44 in
Hawaii, and 16 in Puerto Rico.

Seismic activity, the motion and vibration of the earth's
crust.

Automatically
Continuously

Some stations continuously telemeter seismic data to the
user. At other stations, the seismic data are interpreted
and reports are sent to the user by a variety of methods
when significant seismic events occur.

National Earthquake Information Service of the U.S.
Geological Survey in Golden, Colorado, and other users
of seismic data including the U.S. Geological Survey
in Menlo Park, California and many universities.

Real-time to several days.
A variety of agencies and organizations participate in
this program including U.S. Geological Survey, NOAA,

and many universities.

66, 67, 74
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NETWORK Alaska Cooperative Seismic Recording Program
IDENTIFICATION:

APPLICATION: Geology

PURPOSE : To study Alaska seismicity and to provide secondary
seismic data for natural disasters.

NUMBER OQF 48

STATIONS:

LOCATION OF Alaska

STATIONS:

PARAMETERS Seismic activity

MEASURED:

METHOD OF Automatically

MEASUREMENT :

FREQUENCY OF Continuously

MEASUREMENT ¢

DATA RELAY Data is telemetered by land 1ines, VHF radio, and by

METHOD: satellite.

FREQUENCY OF Continuously

DATA RELAY:

LOCATION OF Palmer Observatory in Alaska

USERS:

ESTIMATED Real-time

DATA DELAY:

REFERENCES: 19, 74
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NETWORK

IDENTIFICATION:
APPLICATION:

PURPOSE:

NUMBER OF
STATIONS:

LOCATION OF
STATIONS:

PARAMETERS
MEASURED:

FUNCTIONING
OF TSUNAMI

WARNING
SYSTEM:

DATA RELAY
METHOD:

ESTIMATED
DATA DELAY:
COMMENT :

REFERENCES:

Tsunami w&rning System of the National Weather Service

Geology, Oceanography-

To detect and locate major earthquakes in the Pacific
region, to determine whether they have generated
tsunamis, and to provide timely and effective tsunami
information and warnings to the population of the
Pacific.

93
There are 23 seismograph stations and 70 tide stations.

Throughout the Pacific, excluding Alaska
Seismic activity and tides

When an earthquake of magnitude 6% or greater occurs
anywhere in the Pacific region, alarms attached to
seismograph stations are triggered. This alerts
personnel at the stations and they immediately inter-
pret their seismograms and send their readings to
Honolulu Observatory (HO). Upon receipt of a report
of an earthquake, HO may request data from other
seismograph stations in the TWS to receive sufficient
data to Tocate the earthquake and determine its size.
If the earthquake is strong enough to cause a tsunami,
HO requests tide stations in the area to monitor their
gauges. The tide stations send reports to HO where
the tsunami's threat to the Pacific population is
determined.

By radic and by land Tine including communication chan-
nels of the Army, Air Force, Navy, Coast Guard, NASA,
FAA, foreign agencies, and private companies.

Fifteen minutes to one hour

Studies are being made of ways to telemeter data
directly to HO in real-time either continuously or on
an as-needed basis. Various types of transmission are
being considered including satellite relay, cable,

and radio.

This does not inciude the stations in the Regional
Tsunami Warning System in Alaska which participates
in this program.
1, 20, 60, 72
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NETWORK

IDENTIFICATION:

APPLICATION:
PURPOSE:

DESCRIPTION: *
NUMBER OF
STATIONS:

LOCATION OF
STATIONS:

PARAMETERS
MEASURED:

METHOD OF
MEASUREMENT :

FREQUENCY OF
MEASUREMENT :

DATA RELAY
METHOD:

FREQUENCY OF
DATA RELAY:

LOCATION OF
USERS:

ESTIMATED
DATA DELAY:

COMMENT :

REFERENCES:

Regional Tsunami Warning System in Alaska
Geology, Oceanography
To detect and locate major earthquakes in the

Aleutian-Alaskan region and to provide resulting tsunami
information and warnings to people in that region.

Seismograph and tide data are continuously telemetered
to Palmer Observatory.

24

Alaska

Seismic activity and tides

Automatically

Continuously

Telemetered by Tand Tines and VHF radio

Continuously

Paimer Observatory in Alaska

Real-time

Palmer Observatory and Horolulu Observatory work closely

and exchange significant information.

19, 20, 73
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NETWORK

IDENTIFICATION:

APPLICATION:
PURPOSE :

NUMBER OF
STATIONS:

LOCATION OF
STATIONS:

PARAMETERS
MEASURED:

METHOD OF
MEASUREMENT :

FREQUENCY OF
MEASUREMENT:
DATA RELAY
METHOD:

FREQUENCY OF
DATA RELAY:

ESTIMATED
DATA DELAY:

COMMENT =

REFERENCES:

The National Strong-Motion Instrumentation Network

Geology

To measure the motion of the ground near an earthquake'’s
epicenter to provide information about the type and
degree of ground motion during an earthquake. This
information is being used to design buildings that are
resistant to earthquake damage.

1,300

Throughout the United States, primarily where earthquakes
are likely to occur, with the greatest concentration
being in California.

Strong motion instruments may contain three accelerators
to measure acceleration in each of three principle direc-
tions of motion, and two displacement meters to measure
the amplitude of displacement in the horizontal directions.
Automatically

Strong motion instruments monitor continuously after
being started by the occurrence of an earthquake of
sufficient magnitude.

By courier and/or by mail
After an earthquake
One to four weeks

The data from the strong-motion network are being used
to develop building standards, construction codes, and
safety regulations for earthquake prone areas.

66, 74
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CONDENSED USER DATA BASE (APPLICABLE TO SATELLITE RELAY)

For convenience, the information in the user data base was condensed
and is presented in Table 4.1. It should be noted that 26,260 stations where
monitoring activities involve collecting samples for laboratory analysis were
not considered applicable to satellite data collection, and have not been in-
cluded in this table. It contains condensed information about 47 data col-
lection networks and 102,474 data collection stations. It should also be
noted that the data collection station data base (discussed in Sections 5,6,
and 7) contains 107,407 stations. The difference of 4,933 stations results
from entering air quality monitors in the data base rather than the number of
stations (discussed in Section 5), and considering multiple observations of
single stations as single observations of several stations (discussed in
Section 6).

OTHER DATA COLLECTION USERS

Only minimal information was available about some data collection users,

and a detailed description similar to the previous pages could not be completed.
A brief summary of each of these users is given below.

9 Surface weather observations are made at 13 island stations in
the Bahamas. These stations form the Bahamas Cooperative
Hurricane Warning Network.

] Aircraft reconnaissance to acquire essential storm data from
tropical cyclones and East Coast winter storms, and to satisfy
military requirements are provided by Department of Defense
aircraft and NOAA research aircraft.

] The IGOSS Marine Pollution Monitoring Pilot Project involves the
observation and reporting of oil slicks and other floating
pollutants to provide information that can be used to appraise
the quantity and distribution of these pollutants, and the
manner in which they are transported and dispersed.

. Special areal investigations of water supply of areas ranging in
size from a few square miles to an entire state, to determine
how the water supply can best be developed, are made by many
Federal and non-Federal agencies. These studies invoelve the
collection of water Tevel and water quality data.

4-63



o-v

TABLE 4.1
USER DATA BASE

HUMDBER OF HETHGD OF FREQUENCY OF HETIOD OF FREMUENCY OF ESTIMATED
HETMORK FOENTIFICAVION | STATIONS PARRMETERS MEASURED HEASUREMENT HEASUREMENT DATA RELAY DATA HELAY DATA DELAY
1 Surface sbservatian 21 synoptic observations manually and fiourly, when by teletype same as one to three
stations of INS cnnsistlng of amount of sky automatically | special weather frequency of hours
cover, wind speed, divection, at AMOS events occu , measurement
and character, type and and four or
amount of clowds, visibility, eight times a
present and past weather, day at standard
temperature, precipftation, synogtic times
dewpaint, prassure, pressure
tendency, and occurance of
spectal phenomena, andfor
basic observations consisting
of amount of Sky cover, hefght
of ceiling, visibilfey, present
weather and obstructions to
) vision, pressure, temperature,
dewpoint, wind specd, dirvec~
tion and character, altimeter
sctting, and runway visual
range
2, Surface observation 24 basic observations andfor nanually and hourly. when by teletype same as ane to three
statfons operated synoptic chservations automatically § special weather frequency of hours
cooperatively by at AKOS events occur, measurement
WS and FAA and at standard
synoptic times .
3. Surface obscrving 200 basic observations manually hourly for all by teletype same as one to three
stations staffed by or part of the frequency of hours
FAA day, and when measurement
speclal weather
events occur
4 Supplementary 413 | basie observations wanuakly hourly for a veihally by same as one 1o three
avfation weather portion of the {teTephone and frequency of hisurs
abserving program day or on an radio, and also | measurement
of Hus on-call basis, |by teletype
and when
special weather
ovents accur
5 Contract ohserving 185 | basic observations andfor manually hourly for a by telotype same as one to three
stations of MdS synoptic observations portion of the frequency of hours
day, when measut erent
special wedther
events oceur,
and at world
standard .
synoptic times
6. #illtary aviation 266 { basic obsorvations manuaiily hour Iy, and by teletype Same as ane to three
weather observing when special frequency of hours
network weather avents maasurement

accur
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TABLE 4.1 (continued)

HUHBER OF HETHOD OF FREQUENCY OF METHOD OF FREQUENCY OF ESTIFATED
NETWORK IDEWTIFICATION STATIONS PAAMETERS MEASURED HEASUREMENT MEASUREMENT DATA RELAY DATA RELAY DATA DELAY
v
7. Harine reporting 202 sky condition, ?resent manuaily every two, by teletype some as one to three
statfons of IS weather, visibility, wind three, or six frequency of haurs
speed and direction, wave hours , and measurement
height and peried, water hourly upan
temperature, ajr temperature, request
and sea level prossure
8. Coastal ships of the 100 ot present weather, visibility, manually every six by radio sane as ong to three
U.5, Cooperative Ship present wind spced and direction, hours at and teletype frequency of hours
Program of NWS 300 wave height, sweil height synoptfc tfmes, maasurenent
planned and dirgetion, sea water and hourly
tanperature, ale pressure upon reyuest
amd temperature
9  Great Lakes Ships of 50 at apparent wind speed and manually every six by radio and same as one to three
the U.5, Cooperative prasont direction, visibility, present hours at teletype frequency of hours
Ship Program 200 weather, past weather, air synoptic times, measurement
planned temperature, water tempera- and hourly
ture, ice acretion, wave upen request
helght and period
10, High seas ships of the 1,700 at { marine sw face observations manually overy six by radfo- Same 8% one to six
U S Looperative Ship present consisting of wind speed and hours teletype and frequency of heurs
Program ' direction, visibility, present synoptic times.| by teletype neasurement
planned and past weather, sea level and hourly
pressure, dry and wet bulb upen request
temperature, clowds, three-
hour pressure chan?u. afre
sea temperature differcnce,
dewpoint, water temperature,
wava helght and perfod, .
swell helsht, period, and
direction
11, HMarine surface ki) maripe surface manwally every six by 1adio- same as ope to six
observations of observations hours at taletype and frenuency of hours
Navy and Coast Guard synaptic times, ) by teletype measurement
Ships on the high-seas and hourly
upon yeyuest
12, Upper-air chserving 175 temperature, pressure, manutally and one to four by teletype same as one to four
stations of tMS stations |and hunidity of upper automatically | times a day at frequency of hout s
210 atmosphere, and wingd synoptic times measurement
obs ¥ speed and direction
|
13 Marine upper-atr 22 tempetature, pessure, autonatically | twice a day by radio- s5ame as one ko six
observations of Hawy and hunidity of upper at synoptic teletype and frequency of hours
ships atmospheve, and wind times by teletype measurement
speed and directfon
14, Upper-air observing 14 temperature, pressure, automatically | unsclieduled by teletype same as one to four
stations of Department and hunidity of wpper frequency of hours
of Defense and other atmosphere, and wind measurement

Federal agencies

speed and direction

#The nunber of observations rather than the nember of statfons was w§ed in the data collectlon stations dato base.
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TABLE 4.1 (continued)

Corps of Englneers

wind speed and divection,
pressure, tides, air temperature
sof1 temperature, soil moisture
water quatity, evaporation,
sojar radiation, and ground
water level

and by labora-
tory analysis
of samples

radlo, telemetry
by micronave
relay, telemark,
and LAHDSAT
satellite, by
taletype, by
caurfer, and by
mal}l

NUMIER OF . METIIOD OF FREQUEHCY OF HETHOD OF FREQUENCY OF ESTIMATED
HETWORK IDENTEIFICATION STATIONS PARAMETERS MEASURED HEASUREHENT HEASUREHENT DATA RELAY DATA RELAY DATA DELAY
15 Heteoroloegical rocket 24 temperature, pressure, automatically | several per by teletype same as four to
sourdings and density of upper week at frequency of efght hours
atmosphered, and wind 1200 GMT measurement
speed and divection
16 Meteorvlogical radar 126 radar echos of manualiy hourly, and by teletype same as one to three
network of K4S precipltation mare frequently frequency of hours
when severe measurenent
weather occurs
17 FAA air traffic 2 air troffic control radar manually continuously by microwave continugusly real-t e
contrel radars of echos of precipitation transmission
the basic radar patterns
network
18, Alr Force weathar a3 radar ochos of manually hourly, and by teletype same as one to three
radar abservation precipitation patterns more frequently frequency of hours
notwork when severe measurement
weather occurs
19, Substation network 9,445 precipitation, maximum and manuatly and hourly, datly, |verbally by dally and move | one to three
of HHS ex¢luding | mininum afr temperature, automatically { more frequentiy | tedophone and frequently if hours, and
statfons | evaporation including wind than dafly 1F radio, by needed, and one to two
described | and water temperature data, needed, and telematry, and | monthly months
elsewhere | snowfall, snowdepth, and irregularly by mail
sof] temperature
20 Surface water 18,244 surface water level manuatly and continuousiy by courizr on-demand to real-time to
network of the U S. automatically | to annually, and by mail annually thyee hours
Geological Survey fncluding every with one to and one to
fifteen minutes, six weeks four nonths
hourly, daily, most cormon
and monthly
21, Mater quality 71,826 water temperature, specific manually, continuously to |by courier dafly te one to four
network of the Ut S conductance, pil, turbidity automatically, [ annually in- and by mail anaually manths
Geological Survey dissoived oxygen, and and by labora-{ cluding hourly,
chloride tory analysis { dafly, and
of samples monthly
22, Ground watey 18,260 ground water love) manually and continuously by courizr daily to one to four
network of the U S automatically | to annually and by maf} anpualty months
Grological Survey
23, Data coliection 3pprox. surface water level, manually, continuously verbally by on-demand to real-time to
network of the 5,600 precipitation, smow cover, automaticatly.| to annuelly telephone and annual Ty one month
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TABLE 4.1 (continued)

HUMBER OF HETIHOD OF FREQUENCY OF HETIOD DF FREQUENCY OF ESTIMATED
HETWORK IDEWTIFICATION STATEONS PARAMETERS MEASURED HEASUREHENT HEASUREMENY OATA RELAY DATA RELAY DATA DELAY
24. River reporting 1,090 river stage and precipitation manually and continuously verbally by on-demand, veal-tine to
stations of MWS autematically | to daily telephone and daily, and three hours
radio, and every six hours
telematry by or more often
landtine tf needed
26, Data collection 1,155 surface water level, manually, continuously verbally by on-desand real-time to
network of the planned precipitation, temperature, automatically, { to anpually telephone, to annually ene manth
Tennessoe Valley wind, water qualfity, air and by labora- telemetry by
Authority quality, and ground water tory analysis tanddine, and
level of samples by courfe
26. Hydrolegic network 5,401 surface water level, manualiy, continuously prohably by ﬂrohably real-time to
of the Burcau of ground water leval, automaticaily, | to annually courder, by ourly to three months
Reclamation water quality, and and by labora- mail, by annually
precipitation tory analysis telemebry. and
of samples verbally by
telephone
27 Tide network of the 139 tidal variations in automatically {continuousty by courier every half real-tine to
Mational Ocean Survey water level and by mall, hour to two months
by telemetry, daily, and
and prebably weekly
verbally by
telephone
28, Hydroilegic networks 18,376 surface water level, manually, continuously various on-demand Lo real-tine to
af other Federal ground water level, automatically, |to annually annually iwo nonihs
and Hon-Federal water ?uality. and and by labora-
agencies precipitztion tory analysis
of samples
29, RASH and CAMP 30 total suspended particulates, automatically, |continuously probably by probably one one te four
air quality stations stations | sulfw dioxide, nitrogen and seml- cow {ev and or more times months
of EPA 966 dioxide, carbon manoxide, automatically by mail daily to weekly
' manitors*| photochemical oxidants, with laboratoryl
and hydracarbons analysis of
samples
30, State and local air 4,785 total suspended particulates, automatically, }continuousty by courier, on-denand real-time to
quality monitoring stations | sulfur dioxide, nitrogen and semi- and by to dajty one day
networks . dioxide, carbon monoxide, automatically telemetry by
monitors*| and plictochemical oxidants with laboratory 1ondl ines

analysis of
samples

*The number of monitors rather than the number of stations was used In the data collectian station daka hase,
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TABLE 4.1 (continued)

HUMBER OF HETHOD OF FREQUENCY OF HETHOD OF EREQUENLY OF ESTIMATED
HETWORK IDENTIFICATION | STATIONS PARAMETERS MEASURED HEASUREHENT MEASLIREMENT DATA RELAY OATA RELAY DATA DELAY
31 Reglonal Afr 25 ozane, nitvogen monozide, automatically | cvery half telemetyry by every minute real-¢ime
Honitoring System of nitrogen oxides, nitrogen second landiines
EPA dioxide inference, tota)
hydrocarbons, methane,
carhon monoxide, total sulfur,
hydrogen sulfide, sulfur
dioxide, vistbillty, fine
particulates, wind speed and
direction, ambient termperature,
temperature df fferantial,
pressure, dewpoint, total
incident solar radiation,
and 300-395 and 300-695
nm radiation
32, Water quality 432 water tempeiature, specific manually, cantinuously by courler weekly to ane to four
network of EPA conductance, pH, turbidity, automatically,f to annually and by mail annual ly months
dissolved oxygen, and ard by labora-|
chloride tory analysis
af sanmplas
33, Snow courses and 1,704 snow depth and water manually monthly and by caurier same as one to three
504l moistura stations equivalent, and soil sepl-monthly and by mail frequency of wecks
of Sofl Conservation maisture and depth measuresents
Service and othars
33, Five-weather observing 2,000 wind speed and direction, manually once or twice verbally by same as two to thres
stations of Forest tempevature, hunldity, per day and radio and frequency of hours
Service, state forestry fuel moisture, precipitation, mare frequently | telephone measurenent
agencies, and others cloud types, visibility, and is needed
occurance of thunderstorms
35, Gamma radistion 140 gama radiation manually twice a month by mail same as one manth
program of KHS frequency of
measurexent
36, Atmospheric tusbidity 25 atmaspheric turbidity at manually three times by mail ronthly one to three
and grectpitation ong or two wavelengths a day manihs
sarpling program of
WS
37. Ozane monftorfing 6 ultraviolet radiation probably three per day by matl twice a one month
pragram of HWS manualty month
38. Solar radfation 92 global radiation, direct probably dafly by mail monthly one to two
program of HWS radiation, and true solar manualty months
noon readings
39 NOAA data buoy network 36 surface water temperature automatically | every three or | telemetered same as one to six
for basic mondtoring and salinity, wave helght six hours and by WF radio frequency of haurs
and peried, afr temperature hourly when measurancnt

and pressure, and wind
speed and direction

needed
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TABLE 4.1 {(continued)

HUMBER OF METHOD OF FREQUENCY OF HETHOD OF FREQUENCY OF ESTIPATED
HETHORK TDENTIFICATION | STATIOHS PARAMETERS MEASURED HEASUREMENT MEASUREMENT DATA NELAY OATA RELAY DATA DELAY
40  Ocean buoys for 50 wind speed and divection, autonatically | every £ifteen telemetered every three
specialtzed manitoring air temperature and pressure, minutes to by satellite to twelve
dewpoint, precipitation, global every twelve and by iF hours
radiation, wave height haurs radio
and peried, surface water
temperature and salinity,
subsurface water temperature,
current spoed and direction,
and location of buoy
41  Volcano surveillance 29 multi-level detection of automatically | continuously telemetered six to ten one to two
network of the US occurrence of sefsmle events, by LANDSAT times a day hours
Geological Survey and biaxial tilt satellite
42 Scismotoleoy program 45 tilt, creep, and magnetie automatically | continuously telametored,
of the Geological Survey fleld and by caurier
and HORA
0
43 Seismogragh networks 635 sefsmic activity automatically { continuously telemetered, continuously, real-time to
in the &' S and by a and when several days
variety of other| significant
methods seismic events
accur
44  Alaska cocperative LE:} sefsmic activity automatically | centinuously telemotorod, continuously real-time
seismic recording by land]ines,
program VItF radio, and
by satellite
45, Tsupamd warnilng 23 sefsmic activity and automatically cnntinunus"ly by radfo and when tsunamis fifteen min-
system of HW5 H landilines and earthquakes| utes to one
occur hour
46  Regional tsunami 24 selsadc activity and autematically | continuously telemeter ed continuseusly real-time
warning system in tides by VIIF radio
Alaska and landiines
47 National strong-motion 1,300 graund acceleration and automatically | contiauously by cowm er after each one to four
instrumentation displacement during during and by majl earthquake weehs
netwos k earthquakes M earthquakes




The five-year plan of the Tennessee Valley Authority for moni-
toring the atmosphere consists of 67 atmospheric radioactivity
monitors, 10 ambient fluoride monitors, 11 ambient ozone monitors,
105 ambient sulfur dioxide monitors, and 12 ambient nitrogen

dioxide monitors.

Pilots report the existence of various weather conditions during
flights. There are approximately 2,500 pilot reports per day.

OTHER APPLICATIONS OF SATELLITE DATA COLLECTION

During the course of a recently concluded study (Reference 109), a widé
variety of users have been identified as part of a transportation application in

the form of vehicle monitoring.
appiicable to satellite data relay.

systems that provide this information with varying degrees of success.
users include the following:

Railroads: Car inventory, assignment monitoring
on a regional or commodity basis, train makeup.

Location of cars and monitoring hazardous or
perishable cargo.

Interstate trucking: Pick up assignment, route
monitoring, hijack prevention.

Location of trailers for monitoring high value,
perishable, or hazardous cargo.

Police Department: Urban and rural patrol monitoring,
emergency equipment assignment and response monitoring.

State Police: Patrol locations, assignment monitoring,
isolated trooper safety.

General Aviation: Search and rescue enhancement for
commercial and private aircraft.

General Aviation: Search and rescue enhancement for
commercial and private aircrafi.

4-70

These users desire position Tocation and may be
Some of these users have developed costly

These



] Coast Guard: Patrol location monitoring, such as
search aircraft and surface ships.

] Recreational Boating: Distress alerting and
Tocation and rescue.

Some of these users may desire or find useful a wide variety of sensor infor-
mation in addition to position location information.

This vehicle monitoring area represents a new application that has
not been examined to any extent with regard to satellite data transfer. An
example of the user market inciudes the nearly 2 million North American freight
car fleet. A ten percent improvement in utilization would represent a savings
of $5.8 billion in equipment costs (Reference 110).
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V. DEVELOPMENT OF THE DATA COLLECTION
STATION DATA BASE

Our approach to the tasks of gathering the information about the
data collection stationssand the synthesis of this information into a
computerized data base are presented in this section. The development
of the statjon data base involved: (1) identifying all of the data col-
lection stations in the data base; (2) defining the specific information
about data collection station activities to be gathered; (3) gathering
as many documents as possible that contain the required information; and
(4) interpreting and synthesizing the gathered information into a data base.
Each of these steps in the development of the station data base is dis-
cussed individually in the subsequent paragraphs.

IDENTIFICATION OF STATIONS IN DATA BASE

A1l of the data collection stations, that are characterized in
the data collection station data.base have been identified and described -
in the user data base presented in Section IV. There are 128,734 stations
in the user data base. OF these stations 102,474 are potentiaily applicable
to satellite data collection and 26,260 are not. The stations that are
not applicable to satellite data collection include pesticide monitoring
stations, radiation monitoring stations, and a few water quality monitoring
stations that measure parameters that can only be determined by Taboratory
analysis of a collected sample. This aspect of the user data base is
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discussed in Section III. In the station data base there are 107,407
stations. There are two reasons for this difference of 4,933 stations.

One 1is that individual aif guality monitors were identified in the station
data base while air quaﬁity stations were identified in the user data base.
This is discussed in more detail in this section. The other reason for the
difference is that some of the stations that monitor several parameters were
considered as several stations each monitoring only a few of the parameters.
This aspect of the station data base is discussed in more detail in Section

VI.
DEFINITION OF STATION PARAMETERS

The next task in the development of the data collection station
data base is defining the information it will contain to describe each
station. The data base was originally envisioned containing the information
given below.

] Location

- The state, foreign_country, or other region in
which the station is located,

° Message Size

- The size (number of bits) of messages that the
station relays.

® Collection Interval

- The most frequent interval at which messages
are relayed from the station to the user.

It was felt that a data base containing only this information would have
1imited use, therefore, the additional information given below was included
in the data base.

° Measurement Interval

- The most frequent interval at which parameters
are measured.
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® Fixed/Mobile Type

- Indicates whether a station has a fixed location
or is mobile, and if mobile,whether or not it can
locate itself; each fixed/mobile type corresponds to
a particular communications requirement.

® Record/Telemeter Davices

- Indicates whether or not there is automatic re-
cording and telemetering equipment at the station.

® Network/Agency Identification

- Identifies the agency that operates the station
or the network of which the station is a part.

Initial attempts to produce a sample data base containing stations
from a variety of users quickly indicated that a data base containing only
these seven pieces of information could not describe many data collection
stations without oversimplifying the activities of these stations to the
extent that the description became substancially inaccurate. The following
description of a typical data collection station monitoring water quality
exemplifies the situation. The station monitors four water quality para-
meters. Hourly values of one water quality parameter are automatically
measured by a sensor,and recorded on a paper tape which is collected every
other week. The three other water quality parameters measured at this
station are measured manually and collected once a year. The difficulty
in describing this station arises when trying to choose a single measurement
interval, message size, and coliection interval that describes the activities
of this station. Rather than developing a method of determining a single
value for each of these parameters, it was concluded that the data base should
be capable of describing the multiple observations of data collectionrstations '
as accurately as possible. This would ensure the usefulness of the data base.

With this in mind, the seven pieces of information to be contained
in the data were separated into two catagoriesi station information and ob-
servation information. The station information contains the parameters
that do not describe any aspect of the data collection activities at the
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station. The station information consists of:

Location of the station
Fixed/mobile type
] identification of the agency or network.

The observation information contains the parameters that describe the data
collection activities of a station. They consist of:

Message size

Coliection interval

Measurement interval

Use of record/telemeter equipment.

These two types of information were used to define the information contained
in the data base. It consists of a single set of station information and

as many sets of observation information as are necessary to accurately
describe the data collection activities of the station. Generally., ob~
servations that are either measured or collected at different intervals

were described with different sets.of observation information. Henceforth, —
this set of station and observation informition to be gathered shall-be

- referred to as thé station parameters. This aspect of the data base is
discussed in more detail in Appendix B.

Further attemﬁfs to produce a sample data base resulted in two
additional changes in the set of station parameters. The parameter "message
size" was replaced by a more suitable parameter, the amount of data produced
by a single measurement. This was done because the amount of data per
measurement is the fundamental parameter from which message size is deter-
mined. Substituting the amount of data per measurement for message size
means that the message size must be computed during the analysis of the data
base. Computing message size automatically instead of determining it manually
and entering it in the data base also reduced the amount of effort required
to develop the data base.

The other change in the data base is due to a large group of
stations (weather stations) where the data from measurements are encoded into
messages of alphanumeric characters rather than binary digits (bits). Attempts
to convert messages of characters into an equivalent amount of bits produced
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substancially different results, depending upon the particular coding

scheme used, Rather than assume & coding scheme and use it to convert
characters to bits, the data base was modified to permit entering the para-
meter amount of data per measurement, as a quantity of bits or characters.
This means that the conversion from characters to bits can be performed
during the analysis of the data base, and that any coding scheme desired can
be used. The scheme that was used during our analysis consisted of con-
verting characters to bits using the simple conversion factor of 8 bits

per character.

During the initial attempts to produce a sample data base, two
different types of stations were found that needed to be treated as special
cases. They are the stations that relay data only after a specific event
has occured, henceforth called event stations, and the stations that relay
data continuously, henceforth called continuous stations.

The event stations transmit messages only after the event of interest
occurs. The messages vary widely in size, and are transmitted at erratic
intervals. Being able to transmit messages of any size at any time is a unique
comunications requirement. Since each fixed/mobile type corresponds to a
particular communications requirement, these stations were given a unique
Tfixed/mobile type classification called event.

The various sizes of messages of these stations, and the erratic
collection intervals make these stations difficult to describe in terms of
the data base parameters measurement 1nterva1§ amount of data per measurement,
and collection interval. Hence, values for these parameters were not specified
(left blank) in the data base. During the analysis of the data base, these
stations were identified by their fixed/mobile type and were assigned special
message size and collection interval catagories called event. These cat-
agories represent message sizes and collection intervals that vary widely.

The continuous stations were treated as a special case because
they collect amounts of data that are several orders of magnitude larger
than the quantities of data collected by the other stations in the data
base. When these stations were entered in the data base they were assigned
measurement and collection intervals of zero. These values correspond to
continuous measurement and collection intervals, For convenience, these stations
were also assigned a value of zero for the amount of data per measurement.
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During the analysis these stations were identified by the zero values of these
three parameters, and were assigned special message size and collection interval
catagories called continuous.

One additional parameter was included in the data base, primarily
to increase its usefulness. This parameter is called the observation
jdentification. It indicates the specific environmental parameters (i.e.,
water stage, precipitation, etc.) that each set of observation information
describes.

The development of the sample data base also showed that many
stations had identical descriptions. To reduce the size of the data base,
the parameter "number of stations" was added to the data base. This eliminates
the need for an individual description of each station in the data base.
This means that several stations with identical descriptions can be entered
in the data base by a single description, and the number of stations to which
the description applies. By choosing this approach, instead of requiring
one data card for each of 107,407 stations, only approximately 11,000 data
cards were necessary to characterize the station data base.

INFORMATION ACQUISITION

The information acquisition phase of the development of the data
collection station data base consisted of gathering the information defined by
the station parameters for each of the data collection stations that were
identified in the user data base. Most of the information in the station data
base was found in a variety of government publications. Some of the information
was available in the form of 1ists of-stations. These 1ists generally con-
tained information such as the location of the station, parameters measured,
frequency of measurement, and occasionally some information about the
method of measurement. Other information was available in documents that
contain descriptions of data collection networks, descriptions of data
coliection equipment, manuals containing observing procedures, descriptions
of communications networks that collect data., published data, and descriptions
of the activities at large centralized facilities that use and analyze the
collected data. Information such as measurement interval, method of measure-
ment, amount of data produced by a single measurement, and colTection interval
could be found in documents of this type. A1l of the documents used to
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develop the data collection station data base are given in the 1ist of
references and in the bibliography which is Appendix C.

DATA BASE SYNTHESIS

The development of the data collection station data base required
a substancial amount of interpretation and synthesis of the gathered information.
This was due to the fact that only a small part of the information that was
gathered was in a form that could be used in the data base. An example of
some simple interpretation and synthesis involves the parameter amount of
data per measurement. Many documents are published that describe the instru-
ments that are used to measure specific environmental parameters. However,
very few documents indicate the amount of data produced by a single measure-
ment. When these documents indicate the range and resolution of a particular
instrument, this information was used to determine the amount of data par
measurement. Sometimes documents contain information that imply the range
and resolution of the measurements of a particular parameter. An example
of this is an observing instruction to report wind direction to the nearest
ten degrees. Information T1ike this that implies range and resolution of a
measurement was often used to determine the amount of datz per measurement.
There were many instances during the development of the station data base
when this type of simple interpretation and synthesis of the gathered in-
formation was required.

The development of the station data base also involved some inter-
pretation and synthesis of the gathered information that is more complex in
nature. Several examples of this are described in the following paragraphs.

A substancial amount of information about the data collection
stations that measure water data was available. This information consisted
of Tocation of station, parameters measured, frequency of measurement, and for
some stations, information about whether or not the data is recorded or
telemetered. Close examination of this data revealed that stations were
assigned measurement frequencies that were equal to or less frequent that the
actual measurement interval. For example, stations that make measurements
every two to seven days were assigned a measurement frequency of weekly.
Since a large number of stations were described in this manner, simply
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entering in the data base the assigned frequency of measurement would
distort the parameter message size that is computed using the frequency of
measurement, The following scheme was developed to deal with this situation.
The frequency of measurement that was entered in the data base for a portion
of these stations was more frequent than that given in the reference. For
example, a portion of the stations that had a measurement frequency of
monthly in the reference were given a frequency of measurement in the data
base of once every two weeks.

A similar situation existed with the stations that a documented
reference indicated as making measurements continuously. In fact, these
stations have a frequency of measurement that ranges from once every four
hours to continuously. In the same manner just mentioned, the frequencies
of measurement entered in the data base for portions of these stations
ranged from once every five minutes to once every three hours. It should
be noted that a few of these stations actually measure continuously. Since
this appeared to be done for convenience rather than because of the need
for data that frequently, none of these station were entered in the data
base with a continuous frequency of measurement. The specific portions
of stations entered in the data base with frequencies of measurement different
from that given in the reference were estimated based on information available
from other references. These references were also used to assign each
statjon an accurate collection interval.

A special situation involving air quality monitoring was encountered
that resulted in entering the air quality stations in the data base dif-
ferently from other stations. The interpretation of gathered information
that Tead to this result requires some explanation. The information that
was available dealing with air quality monitoring networks consisted of lists
of each type of monitor and the city or county in which it is located. Con-
sequentially, this informatjon was not sufficient to indicate when air quality
monitors measuring different parameters were at the same location. The
reason that the information on-air quality monitoring activities is presented
in this manner is probably due to ‘the fact that air quality monitors are
frequently moved from place o place within a city or county as the local
air quality varies. This means that the number of each type of air quality
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monitor in each city or county remains constant while the total number of

Tocations from which the data are measured, and the parameters measured at
each location varies. Hence, each air quality monitor was entered in the

data base individually.

Occasionally it was necessary to assign locations to stations for
which this information was not specifically available. This was done when
the activities of a particuiar group of stations were well documented, but
their specific Tocations could not be obtained. In situations of this type,
a variety of information was gathered that provided insight into the purpose
and activities of the network. This permitted the assignment of reasonable
locations for these stations.

These are some examples of the methods in which the gathered in-
formation was interpreted and synthesized to deveiop a data base that con-
tained both meaningful and reasonabie information.

DATA BASE CODING

Two methods for encoding the information contained in the data base
were considered. One method for encoding the data was to use an entirely
numeric code. This type of code can be easily handled by a computer, but
makes encoding and reading the data very difficult. The other method for
encoding the data was to use an alphanumeric code. This type of code is
more cumbersome for the computer, but makes encoding and reading the data
much easier. The alphanumeric code was selected because it simplified the
enormous task of encoding the data for 107,407 data collection stations.



VI. COMPUTER PROGRAM

This section presents a description of the computer program used in
the analysis of the station data base. Basic definitions, index assignments and
selected computations are discussed. Typical program outputs are indicated as
well as options for selected sample population tabulation.

GENERAL
The basic operations performed by the computer program are the follow-
ing:

© Create arrays where the number of stations are to be
tabulated

e Accept information about a number of data collection
stations

] Perform computations on the information
e Assign indices

) Add the number of stations to the proper place in the
arrays

] Add the various rows and columns of the arrays after all
the data has been accepted

¢ Write the totals.
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A flow chart of the program is provided in Figure 6.1, and a copy of
the program can be found in Appendix A.

ARRAY DEFINITION

Five arrays are used to tabulate the information about data collection
stations according to various parameters. The number of data coliection stations
is tabulated in four arrays, and the amount of data collected by these stations
is tabulated in one array. An array called A is used to tabulate the number of
data collection stations according to location, message size, and collection
interval. An array called AFM is used to tabulate the number of stations
according to location,and fixed/mobile type. - An array called ART is used to
tabulate the number of stations according to location,and the use of automatic
recording and telemetering devices. An array called AMI is used to tabulate
the number of stations according to location,and measurement interval. An
array called ATLBTS is used to tabulate the total amount of data collected
by the stations during a year according to location., These arrays are noted
below.

o A (location, message size, collection interval)

@ AFM (location, fixed/mobile type)

@  ART (location, record/telemeter device)
) AMI (Tocation, measurement interval)

e ATLBTS (location)

There are 69 different Tocations which include the 50 states and various
regions outside the United States, 19 collection and measurement intervals
which range from continuous to annual, 13 message.sizes which range from 20 to
200,000 bits, 4 Tixed/mobile types and 4 record/telemeter options. The loca~
tions, fixed/mobile types and record/telemeter options are defined in portions
of Appendix B. The measurement and coliection intervals and message sizes
used are discussed on pages 6-10 and 6-11, --

DATA DESCRIPTION

The data cards contain information that describes a data collection
station and the number of stations to which this description.applies.
The description includes station information such as location, and observation
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information such as measurement and collection interval. More specifically,
this information includes:

° Number of data collection stations

. Data collection station description
--Station information
a. location
b, fixed/mobile type )
c. identification of the agency that operates the
station or the network of which the station is
a part
--Observation information
a., observation identification
b. indicator of whether the amount of data is a
quantity of bits or characters
¢. indicator of usage of automatic recording and
telemetering equipment
d. the amount of data produced as the result of
a single measurement
e. measurement interval
f. collection interval.

The data collection station description may include as many as four
sets of observation information. This option was provided to handle the capa-
bility for multiple observations of many stations. For example, a station
that monitors several parameters may have different measurement and collec-
tion intervals for each parameter. This can be described by several sets of
observation information. When the measurement and collection intervals of
each parameter are identical, they are considered as a single observation and
the amount of data produced is the sum of a single measurement of each param-
eter. Sample data, the data card format, and the codes used to encode the
data are contained in Appendix B.

COMPUTATIONS PERFORMED

The computations that are performed are for the most part straight-
forward. They involve simple calculations such as message size, B,
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B =By Te/Tp
where By is the number of bits required for the measurement
Ty 1s the measurement interval {frequency of measurement)
Te is the collection interval of the data constituting the
message size, B.

The procedure for handling multiple observations with a single platform is
somewhat more complicated and requires a detailed explanation. The problems
encountered as a result of multiple observations are discussed in the follow-
ing paragraphs.

Consider a data collection station that makes two distinct observa-
tions. One observation consists of measurements once an hour that produce
10 bits of data that are collected once every 6 hours. The second observation
consists of measurements once a day that produce 1,000 bits of data that are
collected once a day. The first observation has a message size of B = 60 bits
with a collection interval of To = 6 hours. The second observation has a mes-
sage size of B = 1,000 bits and a coliection interval of T, = 1 day.

Two simple methods of handling this situation were considered. One
method was to consider this station as if it were in fact two stations, each
making a single observation. A second method was to combine the observations
to produce a single message size of 1,060 bits, equal to the sum of the two
message sizes, and a collection interval of 6 hours, which is equal to the
minimum value of the two collection intervals. Observations were combined in
this manner rather than by dividing the infrequent message into smaller pieces
and collecting one piece at a time because this technique did not seem accept-
able in many data collection situations.

The method of separating muitiple observations was considered somewhat
inadegquate when applied to all cases, and likely to produce distortion in the
total number of data collection stations. Yet this method seemed quite appli-
cable when a data collection station made two observations that were very
different. The method of combining multiple obServations was considered in-
adequate when applied to all cases, and 1ikely to produce a distortion in the
resultant message size and collection interval. Yet this method seemed quite



applicable when a data collection station made observations that were very
similar. It was found that the distorting effects of each method could be
reduced-to an insignificant level by using each method when it was appropriate.

The criteria for determining which method to use is based on the
amount of unused capacity that is the result of combining observations. In
the above example, over the period of a day, the combination of the observa-
tions provides a capacity to collect 4,240 bits of information, while only
1,240 bits are actually coliected, Teaving 3,000 bits left unused. This is
illustrated in Figure 6.2.

i EL ITlustration of . 4 ITlustration of the
bits| total capacity Bits| actual data collected
1060 T — 1060 e = —— e -

60+ —
1 day -4 time I"' 1 day = time
total capacity = 4240 bits actual data collected = 1240 bHits

FIGURE 6.2. SIMPLE CAPACITY EXAMPLE

The criteria for determining whether or not to combine multiple ob-
servations is the efficiency ratio, n, of the actual bits collected to the
total capacity. Multiple observations were combined when this ratio was Jess
than 0.5.

The following example has been selected to demonstrate how the
computer program handles multiple observations. Consider a single station
that makes these three observatijons,

) Observation 1:
message size = 10 bits
collection interval = 1 day
o Observation 2:
message size = 1,000 bits
collection interval = 2 days


http:reduced.to

e Observation 3:
message size = 100 bits
coliection interval = 12 hours.

The program first combines the three observations into a single ob-
servation.

Observation 1+2+3:
message size = 1,110 bits
collection interval = 12 hours.

The program then computes the total capacity, the actual bits collected, and
the ratio. This is illustrated in Figure 6.3.

A I1Tustration of ITlustration of the
bitg | total capacity bits | actual data collected
1110 +~— 1110 = =

110 +=—-
100 == H

2 days—eal time |<—2 days time

Total capacity = 4440 bits
Actual data collected = 1420 bits
n = 0.28

FIGURE 6.3. CAPACITY OF THE COMBINATION OF THREE
OBSERVATIONS INTO ONE OBSERVATION

The result indicates that this combination is unsatisfactory.

The program then combines the three observations into two observa-
tions. It should be noted that there are three different ways of doing this.
The program considers all three possibilities.

] Combination 1:
observation 1+2:
message size = 1,010 bits
coliection interval = 1 day



observation 3:
message size = 100 bits
collection interval = 12 hours

) Combination 2
observation 1+3:
.-message size = 110 bits
collection interval = 12 hours
observation 2:
message size = 1,000 bits
collection .interval = 2 days

] Combination 3
observation 2+3:
message size = 1,100 bits
collection interval = 12 hours
observation 1:
message size = 10 bits
collection interval = 1 day.

The program then computes the total capacity of each combination, and the ef-
ficiency ratio of the actual data collected to the total capacity. It should
be noted that the actual data collected remains the same, regardless of how
the observations are combined. This is illustrated in Figure 6.4, on page 6-9,
The results of these computations indicate that an efficiency ratio greater
than 0.5 can be achieved by combining the three observations into two, and
that leaving the three observations separate is not necessary. The resuits
also indicate that combination 2 is the best, and that this combination should
be chosen. Based on these results, the computer program considers this singie
station with three observations as two stations, one having a message size of
110 bits and a collection interval of 12 hours, and another station having a
message size of 1,000 bits and a collection interval of 2 days. This combina-
tion of the two methods originally proposed proved highly satisfactory and
resulted in minimal distortion of the results.



. é IMlustration of the total X é ITlustration of the total
bits | capacity of Combination 1  bits| capacity of Combination 2
1110 ¢ ——= 1110 F~~= ===

S S
100 T--nin . 110 T 00N

e

2 days— time I<—2 days —» time
Total capacity = 2420 bits Total capacity = 1440 bits
Actual data collected = 1420 hits Actual data collected = 1420 bits

n = 0.59 n = 0.99

. A ITTustration of the total
bits | capacity of Combination 3
110 4 ———

1100 {— ﬂ §

< 2 days—P time

Total capacity = 4410 bits
Actual data collected = 1420 bits
n=0.32

FIGURE 6.4. CAPACITY OF THE COMBINATION OF THREE
OBSERVATIONS INTO TWO OBSERVATIONS

The remaining computations to be performed involve determining the
measurement interval and the record/telemeter code for combined observations.
The measurement interval of a combined observation is the minimum value of
the measurement intervals of each of the combined observations. The record/
telemeter code of a combined observation is determined according to the fol-
lowing rules.

1. The combination of one observation that is recorded
with another that is not recorded is defined as a
single observation that is recorded.
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2. The combination of one observation that is telemetered
with another that is not telemetered is defined as a
single observation that is telemetered.

3. The combination of one observation that is recorded
with another that is telemetered is defined as a single
observation that is both recorded and telemetered.

These combinations are performed by four function routines called FRT1, FRT2,
FRT3, FRT4.

ASSTGNMENT OF INDICES AND TABULATION OF STATIONS

The tabulation of the data collection stations requires the assign-
ment of these indices:

IST - location index

IMS - message size index

ICI - collection interval index
IFM - fixed/mobile index

IRT -~ record/telemeter index

IMI - measurement interval index.

The assignment of these indices is performed in two different places
in the program. The location and fixed/mobile indices are determined from
the station information, and do not depend upon any of the previousily dis-
cussed calculations. The program assigns these indices before performing
any of the calculations. The remaining indices are determined from the obser-
vation information and depend upon the calculations. The program assigns
these indices after performing the calcuiations.

The location and fixed/mobile indices are assigned by simple match-
ing where each different location and fixed/mobile type is assigned a different
index.

The message size indices available in the computer program represent
message sizes of 20, 50, 100, 200, 500, 1,000, 2,000, 5,000, 10,000, 20,000
50,000, 100,000, and 200,000 bits. Any message size in the data base that
does not equal one of the above numbers is assigned the next larger computer
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indexed message size. For example, message sizes in the data base ranging
from 101 bits to 200 bits are assigned the computer indexed message size of
200 bits, as indicated in the diagram below. A message size in the data base
ranging from 201 bits to 500 bits is assigned the computer indexed message
size of 500 bits, and so forth.

COMPUTER INDEXED

/ MESSAGE STZES \

100 bits 200 bits 500 bits
{ : 3 B
\ AL /] message size
N
assigned a assigned a
message size message size
of 200 bits of 500 bits

This method of assigning the message size index was chosen because the amount
of data required by the majority of users was not considered flexible, Hence,
it was assumed that their requirements could not be met by an amount of data
less than what is currently being used.

The coliection interval indices available in the computer program
represent collection intervals of 1 minute, 5 minutes, 15 minutes, 30 minutes,
1 hour, 2 hours, 3 hours, & hours, 12 hours, 1 day, 2 days, 1 week, 2 weeks,

1 month, 2 months, 3 months, 6 months, and 1 year. Any collection interval
in the data base that does not equal one of the above numbers will be assigned
the next smaller computer indexed collection interval, with one exception.
The exception is those data base collection intervals that are more than 70%
of the distance to the next higher computer indexed collection interval.
These are assigned the next higher computer indexed collection interval. For
example, a collection interval in the data base ranging from 13 minutes to

25 minutes would be assigned the computer indexed collection interval of 15
minutes, as indicated in the diagram on page 6-12. A collection interval

in the data base ranging from 26 minutes to 51 minutes would be assigned the
computer indexed collection interval of 30 minutes, and so forth,
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COMPUTER INDEXED

COLLECTION INTERVALS
12 min. 25.5 min. 51 min.
B

5 min. l 15 min. l 30 min. r.
t L 1 y

] I l i 1 i

. 100% 1. 100% 100% collecti
B 9 g o interva
l 70% ﬁO%l 70% ! 30% < 70% L 30% _jj

L A J
Y hvd
assigned a assigned a’
collection interval collection interval
of 15 minutes of 30 minutes

This method of assigning the collection interval index was chosen because

the collection interval required by the majority of users was considered some-
what flexible. Thus, it was assumed that their requirements could be met in
a few cases by collecting data just slightly less often than what they are
presently doing. The extent to which the collection interval was considered
to be flexible was 30%. In most circumstances, however, data js indexed to
be collected in an interval equal to or more often than what is-current1y
being done by the user. It should be noted that, except for the 6-day col-
Tection interval of some observations in the data base, all the collection
intervals that were contained in the data base were expiicitly indexed.

The record/telemeter index is assigned by simple matching where
each different record/telemeter type is assigned a different index. The
measurement interval index is assigned in the same manner as the collection
interval index.

Two special cases, event type stations and stations that have con-
tinuous collection intervals, are indexed by a separate section of the program.

The tabulations that are performed involve adding the number of sta-
tions and the total amount of data to the element in each array that has been
identified by the indices.
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PROGRAM OUTPUT

The output that the computer program produces consists of the totals
of the various rows and columns of the five arrays, and some of the individual
elements of the arrays. The output portion of the program is performed in a
subroutine called CWAB. There are two parts to the output:. profiles of in-
dividual states, and more detailed profiles of regions consisting of groups
of states.

The profiles of individual states contain the following information.

@ Total number of data collection stations, number of
stations per 1,000 square miles, and the total amount
of data collected in a year.

& Breakdown according to fixed/mobile type.
e Breakdown according to record/telemeter type.

€ Values for histograms of measurement interval and
collection interval.

© Values for histogram of message size.

o Total number of stations and number of stations per
1,000 square miles for three ranges of collection—
intervals:

-- 1 minute < collection interval << 3 hours
-- 6 hours << collection interval < 2 months
-~ 3 months< collection interval< 1 year

8 Values for histograms of message size for the three
= ranges of collection interval.

The profile for a single state is shown in Figure 6.5.

The data for each region is tabulated in five arrays called B,
BFM, BRT, BMI and BTLBTS, similar to the five arrays previously discussed.
The regions are defined in Tabie 6.1,

The profiles of each of the regions include a1l of the information
in the state profiles plus a complete table of message size versus collection
interval. The profile of a single region is shown in Figure 6.6.
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TABLE 6.1
DEFINITION OF REGIONS

Région

General Location

Component States

New Engtand

Connecticut
Maine
Massachusetis
New Hampshire
Rhode Island
Vermont

Mideast

Delaware
Maryland
New Jersey
New York
Pennsylvania

Great Lakes

I1Tinois
Indiana
Michigan
Ohio
Wisconsin

Piains

Towa

Kansas
Minnesota
Missouri
Nebraska
North Dakota
South Dakota

Southeast

Alabama
Arkansas
Florida
Georgia
Kentucky
Louisiana
Mississippi
North Carclina
South Carolina
Tennessee
Virginia

West Virginia

Southwest

Arizona
New Mexico

Oklahoma
Texas

6-15




TABLE 6.1 (Cont)

Region General Location Component States

Colorado
Idaho

7 Rocky Mountain Montana
Utah
Wyoming
California
Nevada

8 Far West Oregon
Washington

9 'Alaska Alaska

10 Hawaii Hawaii

11 Remainder A1l Tocations out-
side the 50 states
Alaska
California
Hawaii

12 Far West 50 Nevada
Oregon
Washington

13 48 States 48 States

14 50 States 50 States

15 Total A1l Locations
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IDENTIFICATION OF DATA 1N REGION PROFILE

Data identical to that in the state profile
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PROGRAM ALTERATIONS FOR TABULATION OF SELECTED STATIONS

The program can be altered in order to produce p?ofi]es of only selected
groups of stations. These alterations involve inserting simple tests throughout
the program that cause the program to tabulate only the selected stations, and
to ignore the unwanted stations.

The simplest of these alterations is the selection of stations accord-
ing to the findexed parameters. Examples of this include selecting only those
stations that are fixed, selecting only those stations that have recording
devices, or selecting only those stations that have a message size that is be-
tween 500 and 5,000. This type of selection can be performed by testing for
the assigned index after the assignment of the index, but prior to the tabula-
tion of the stations.

Selections can also be made using the remaining information on the
data cards. Examples of this include selecting only those stations with a
Federal network/agency identification code, or selecting only those stations
that make water quality observations. This type of selection can be performed
by testing for the desired information after reading the data card, but prior
to any of the calculations.
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VII. RESULTS OF COMPUTER ANALYSIS

This section presents the results of the computer analysis of the
data collection station data base. These results are depicted by histograms
of the various data collection parameters. For convenience, the results have
been separated into three parts. Part I contains the results that describe
the general characteristics of the stations in the data base. Part II con-
tains the results that describe the characteristics of specific groups of
stations. Part III contains the results of a variety of regression analyses
that were performed on the number of data collection stations and on the
amount of data coliected by these stations.

PART I - GENERAL CHARACTERISTICS OF DATA COLLECTION STATIONS

The results discussed in this section describe the general charac-
teristics of all the stations in the data base. They consist of five dis-
tinct sets of histograms with each set containing.three. These three histo-
grams show the total number of stations versus Tocation, message size, and
collection interval. The first set of results illustrates all the stations,
while the second set illustrates the stations with and without automatic
recording and telemetering devices. The third group illustrates the fixed
stations and the mobile and event stations. The fourth group illustrates
the stations in three ranges of collection intervals. Finally, the fifth
set 11lustrates a breakdown of the Federal-and-non-Federal stations.



Histograms of Total Number of Stations

The most general resuits of the computer analysis of the station
data base consist of histograms of the number of data collection stations
versus location (Figure 7.1), message size (Figure 7.2), and collection in-
terval {Figure 7.3). These histograms contain a total of 107,407 data col-
Tection stations. Hence, they illustrate the characteristics of all the data
collection stations contained in the data base. A discussion of these histo-
grams has not been included here, because these results are discussed when
they are compared to many of the other histograms presented through-
out this section.

The four remaining groups of histograms are identical to the three
presented here except that each group illustrates the characteristics of
specific types of stations, as compared fto the characteristics of all of the
stations in the data base. These four groups describe the characteristics
of the following types of stations:

® Stations that have automatic recording and/or
telemetering devices

) Stations that are fixed and mobile

o Stations in each of three broad ranges of col-
Tection interval {slow, medium, and fast)

(] Stations operated by Federal and non-Federal
agencies.

Subsequent paragraphs discuss each of the above data tollection character-
istics.

Histograms of Stations With and Without Automatic Recording
and/or Telemetering Devices

The following histograms illustrate the number of data collection
stations which either have or do not have automatic recording and/or telem-
etering (R/T) gquipment: These histograms show the number of stations
versus location (Figure 7.4), message size (Figure 7.5), and collection in-
terval (Figure 7.6). Almost 30% of the stations have automatic recording
and/or telemetering equipment.
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Figure 7.4 indicates that a relatively small percentage of the stations
in the western part of the United States have automatic recording and/or telem-
etering equipment, as compared to a substantially larger percentage of the sta-
tions in the northeastern part of the United States.

Figure 7.5 indicates that a small percentage of the stations with mes-
sage sizes of 5,000 bits or less have automatic recording and/or telemetering
equipment, as compared to a substantially larger portion of the stations with
message sizes of more than 5,000 bits. The obvious exception to this last
general comment applies to stations which either monitor events or transmit
data continuously.

Figure 7.6 indicates that a large percentage of the stations with
frequent collection intervals have automatic recording and telemetering equip-
ment. It also indicates that a medium percentage of the stations with medium
collection intervals, and only a small percentage of the stations with in-
frequent collection intervals have automatic recording and/or telemetering
equipment.

Histograms of Stations That Are Fixed or Mobile

The following histograms illustrate the number of data collection
stations that are fixed or non-fixed (mobile and event) versus location
(Figure 7.7), message size, (Figure 7.8), and collection interval (Figure 7.9).
The stations that are non-fixed consist of: (1) the mobile stations that are
capable of locating themselves; (2) the mobile stations that are not capable of
locating themselves; and (3) the event stations that are not mobile but relay
data only after a specific event has occurred. Only 4% of the total are mobile
and event stations.

Figure 7.7 indicates that the largest portion of the stations that
are not fixed are outside the 50 states. This result is expected because the
mobile stations are ships and buoys in the ocean.

Figures 7.8 and 7.9 tend to indicate that the number of stations
that are not fixed have random message sizes and collection intervals, span-
ning the entire range of these parameters.
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Histograms of Stations for Three Broad Ranges of Collection Interval

In this paragraph, the collection interval scale has been divided
into the following three broad ranges:

[ FAST - collection intervals ranging from 1 minute
to 3 hours

El MEDIUM - collection intervals ranging from 6 hours
to 2 months

3 SLOW - collection intervals ranging from 3 months
to 1 year.

The following histograms illustrate the number of data collection stations
that are contained in each of these three ranges versus collection interval
(Figure 7.10), message size (Figure 7.11), and location (Figure 7.12).

Figure 7.10 illustrates the three ranges of collection intervals
and the number of stations contained in each. It should be noted that the
stations that monitor events and the stations that collect data continuously
are not contained in any of the three ranges of collection intervals.

Figure 7.11 indicates that all of the stations that have FAST col-
lection intervals have messages that are 5 kilobits or less, and that more
than half have messages that are 100 bits or less. The large messages being
collected so frequently are weather observations for weather forecasting.
This histogram also indicates that all of the stations that have SLOW col-
lection intervals have message sizes of 100 bits or less.

Figure 7.12 indicates that the portion of stations in the western
part of the United States that have SLOW collection intervals is signifi-
cantly higher than average. This is due to the large number of ground water
monitoring stations in this area.

Histograms of Stations Operated by Federal and Non-Federal Agencies

Data collection stations are operated by both Federal and non-
Federal agencies. In the following three figures, the number of data collec-
tion stations that are operated by (or for) Federal and non-Federal agencies
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is shown, As before, these histograms illustrate the number of stations
versus location (Figure 7.13), message size (Figure 7.14), and collection
interval (Figure 7.15).

Figure 7.13 indicates that the percentage of stations in a state
that are operated by non-Federal agencies may range from more than half, in
the case of Delaware, to less than 10%, as occurs in the mid-western part
of the United States.

Figure 7.14 indicates that a simple histogram of the number of
Federal stations versus message size would Took almost identical to a simple
histogram of the number of non-Federal stations versus message size. Figure
7.15 indicates that the same is true for collection interval. This similarity
is due to the fact that a large part of the monitoring that is done by non-
Federal agencies is done in cooperation with Federal agencies.

PART II - CHARACTERISTICS OF SPECIFIC GROUPS OF STATIONS

Several distinct groups of stations that were discussed in general in
Part I required more detailed descriptions. These groups of stations are:

® Stations that automatically record and telemeter data
# Mobile and event station
@ Stations with FAST, MEDIUM, and SLOW collection intervals.

The Federal and Non-Federal stations are not discussed in more detail be-
cause this distinction between stations did not indicate any substantial
difference in characteristics.

The description of the stations that have automatic recording and
telemetering equipment include histograms of the number of stations and
amount of data collected, and the densities of each. These parameters are
discussed with respect to location, message size, and collection interval.

Two types of mobile stations and the event stations are described
individually and are illustrated by histograms of the number of these stations
versus location, message size and collection interval.
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The stations that have collection intervals in each of the three ranges,
FAST, MEDIUM, and SLOW, are presented and discussed separately. The discussion
includes histograms of the number and density of stations according to location.

In addition to the results that deal with the characteristics of these
specific groups of stations, other histograms of interest are included.
These histograms provide a more complete description of the total number of
stations. They also illustrate the characteristics of the stations that
collect data continuously, which, until this point, have not been discussed.

Histograms of Stations with Automatic Recording
and Telemetering Devices

This section presents the characteristics of the stations that have
automatic recording and/or telemetering equipment. It should be noted that
some stations have both recording and telemetering devices. These stations
are contained in the histograms of the stations that automatically record
data, and in the histograms of the stations that automatically telemeter data.

. Two of the following histograms illustrate the number of data collection stations

with automatic recording devices versus location (Figure 7.16), and the density*
of these stations (Figure 7.17). Following this are two histograms that il-
lustrate the number of stations with automatic telemetering devices versus
Jocation (Figure 7.18), and the density* of these stations (Figure 7.19).
Finally, the last two histograms illustrate the number of stations with aute-
matic recording and telemetering devices versus message size (Figure 7.20),

and collection interval (Figure 7.21).

Figures 7.16 and 7.17 indicate that the highest density of stations
with automatic recording devices occurs in the eastern half of the United
States.

Figures 7.18 and 7.19 indicate that the hiéhest density of stations
with automatic telemetering devices occurs in the northeastern part of the

United States.

*Density of stations is defined as the number of stations per unit area.
Typical units of the density of stations are number of stations per 1,000
square miles and number of stations per 10,000 square miles.
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Figure 7.20 indicates that the majority of stations that have auto-
matic recording devices have message sizes of 10, 20, and 50 kilobits. Many
of these stations are stream gages. This figure also indicates that the
majority of stations that have automatic telemetering devices have message
sizes of 20 bits. Thus, stations that record data tend to collect large
messages (thousands of bits), whereas stations which telemeter data generally
relay small messages (tens of bits).

F{gure 7.21 indicates that almost three quarters of the stations having
automatic recording devices have collection intervals between 2 and 6 weeks,
and that over half of the stations have a collection interval of 1 month. This
figure also indicates that nearly all of the stations that have automatic
telemetering devices have collection intervals that range from continuous to
1 day, and that more than two thirds of these stations have a collection in-
terval of 15 minutes. Hence, stations that record data tend to collect the
messages of thousands of bits (see Figure 7.20) approximately monthly, where-
as the stations that telemeter the messages of tens of bits (see Figure 7.21)
do so frequently with a collection interval on the order of fifteen minutes.

Histograms of the Amount of Data Collected by Automatic
Recording and Telemetering Devices

Two of the following histograms illustrate the amount of data col-
lected by automatic recording devices versus location (Figure 7.22), and
the density* of this data versus location (Figure 7.23). The other two
histograms illustrate the amount of data collected by automatic telemetering
devices versus location (Figure 7.24), and the density* of this data versus
location (Figure 7.25).

Figures 7.22 and 7.23 indicate that the locations with the highest
density of data collected by automatic recording devices are scattered through-
out the United States, and that a generally higher density of these stations
occurs in the eastern half of the United States.

*Density of data collected is defined as the amount of data collected per
year per unit area. Typical units of density of data collected are megabits
pg{ year per 10,000 square miles, and megabits per year per 100,000 square
miles.
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Figures 7.24 and 7.25 indicate that the lowest density of data col-
lected by automatic telemetering devices occurs in the Rocky Mountain states,
and that the highest density of this data occurs in the northeastern part of
the United States.

It should be noted that the amount and density of data collected by
automatic recording and telemetering devices in the state of Missouri has been
distorted by the data collected by the stations in the Regional Air Monitoring
System. The stations in this network record and telemeter almost 4.8 giga-
bits of data per year. This network alone would produce a density of data
collected in Missiouri of 680 megabits per year per 10,000 square miles, or
6800 megabits per year per 100,000 square miles. It should also be noted
that this single network collects more than half of all the data that is
collected by telemetry in the United States.

Histograms of the Mobile and Event Type Stations

The following histograms illustrate the number of event stations
versus location (Figure 7.26), and the number of mobile and event stations
versus message size (Figure 7.27) and collection interval (Figure 7.28).

The event stations illustrated in Figure 7.26 are stations that are
in the Tusnami Warning System and the Strong Motion Network. For this reason,
most of the stations occur in the parts of the United States where earthquakes
are likely to occur, and outside the United States in the Pacific Ocean. It
should be noted that a histogram of the mobile stations versus location has
not been provided because all of the mobile stations are located outside the
United States.

Figures 7.27 and 7.28 illustrate the number of each type of mobile
station and the number of event stations versus message size, and collection
interval. The two types of mobile stations are:

. Mobile S - Mobile stations that are capable of Tocating
themselves

2 Mobile B - Mobile stations that are not capable of
locating themselves.

7-33




TOTAL = 1,396 STATIONS
38
20 10
0 7 X
30 0 L
22 0 27
0 -5
0 0 ol
0 : =9
25 5
2 7 -0
17 12 1 : 12
o s g "
10 12
Py
® 15
B
31 2 17
5 2 30
a HAWAII ? . 12
r
(4
‘?5> 0
13 0
2
ALASKA
OUTSIDE THE U.S.
= 79
3 e -, ..’J"

FIGURE 7.26. NUMBER OF EVENT STATIONS VERSUS LOCATION



NUMBER
OF = 3017 = 2.81%
STATIONS U i
3,000 |~ = 1396 = 1.30%
= 4703 = 4.38%
2,387
2,000 |-
-l..s 1,396
(%]
on
1,000 |
541
22 4
. ) T T —
E e 2
w = o © ‘o Y ¥ ¥ & MESSAGE SIZE
2 9 g g 88 8 ¥xx%x ¥ 28 38 & 8 s

. FIGURE 7.27. NUMBER OF MOBILE AND EVENT STATIONS VERSUS MESSAGE SIZE




NUMBER

OF MOBILES = 3,017 = 281%
STATIONS MOBILEB = 290 = 0.27%
3,000 |- 2950 EVENT = 1,396 = 1.30%
SUM = 4703 = 4.38%
2,000 |-
1,396
~J
]
w
[+)}
1,000
N2
41 E
B 2 1
| = =
2 2 2z £ £ e o 1 COLLECTION
?%zsf,i§§§§£§E§§§§§§§§INTEWAL
w Q - wn - 8 — o~ ™ w - — o~ - ™ — w o~ ™ w -
|
FIGURE 7.28. NUMBER OF MOBILE AND EVENT STATIONS VERSUS COLLECTION INTERVAL



These histograms indicate that the majority of the mobile stations
are capable of locating themselves, have message sizes of 1 and 2 kilobits,
and have a collection intervals of 1 hour. Most of these mobile stations
are ships making weather observations.

Histograms of the Number and Density of Stations
in_the Three Ranges of Collection Intervals

The six histograms presented here illustrate the number and density of
data collection stations in each of the three broad ranges of collection in-
tervals discussed in Part I (SLOW, MEDIUM, and FAST).

Figures 7.29 and 7.30 illustrate the number and density of stations
having FAST collection intervals (between 1 minute and 3 hours) versus loca-
tion. These histograms indicate that the highest density of stations having
FAST collection intervals occurs in the northeastern part of the United
States. They also indicate that the lowest density of these stations occurs
in the Rocky Mountain states.

Figures 7.31 and 7.32 illustrate the number and density of stations
that have MEDIUM collection intervals (between 6 hours and 2 months) versus
location. These histograms indicate that the higher densities of stations
occur in the eastern half of the United States. It should also be noted that
all of the states that have densities greater than 50 stations per 1,000
square miles are coastal states.

Figures 7.33 and 7.34 illustrate the number and density of stations
having SLOW collection intervals (between 3 months to 1 year) versus location.
These histograms indicate that the highest density of stations is in the
south central part of the United States.

Additional Histograms of Interest

In addition to the results already presented in this section, the
computer analysis provided the data for the following histograms of interest:

8 Number of stations that measure and relay
data continuously versus location

® Number of stations versus measurement interval

] Number of stations versus message size and
collection interval.
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Figure 7.35 is a histogram of the number of stations that measure
and relay data continuously versus location. All of these stations are con-
tinuously recording and/or telemetering seismographs. This figure indicates
the rather obvious fact that the highest density of stations occurs where
the chances of earthquakes is highest.

Figure 7.36 is a histogram of the number of stations versus measure-
ment interval. When comparing this histogram with the histogram of the num-
ber of stations versus collection interval (Figure 7.3) it can be seen that al-
most all of the stations that have a measurement interval ranging from 3
months to 1 year have the same collection interval. These figures also indi-
cates that more stations have collection intervals that range from 1 week
to 6 weeks than have measurement intervals in this range, and fewer stations
have collection intervals that range from 5 minutes to 2 days than have
measurement intervals in this range.

Table 7.1 is a complete table of the number of stations versus
message size and collection interval. This table indicates that all of the
message sizes larger than 10 kilobits have collection intervals from 1 to
6 weeks.

PART III - ANALYSIS OF NUMBER OF STATIONS AND AMOUNT OF DATA COLLECTED

The results presented in this section provide a detailed analysis
of the number and density (number of stations per unit area) of data collec-
tion stations. Some of these results consist of histograms of the number
and density of stations versus location. Also included are histograms of
the number of states and the percent area of the United States versus the
density of data collection stations. In addition, the results of an analy-
sis of the number and density of stations in each state are described to
determine if,and to what extent,any correlation exists between these para-
meters and the size, population, average annual rainfall, and per capita
income of each state. The outputs of this analysis consist of a variety of
scatter plots of the data and the results of regression analyses performed
on this data.

After reviewing these results, the possibility that a similar
analysis of the amount of data collected would also produce interesting
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TABLE 7.1
TOTAL NUMBER OF STATIONS VERSUS MESSAGE SIZE AND COLLECTION INTERVAL
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TOTAL 1,396 172 43,006 11,598 15,772 289 5,871 4,581 5,281 3,448 1,806 5,210 4,313 684 380 | 107,407




results seemed 1ikely. Thus, an identical analysis of this data was per-
formed, and these results are also presented in this section.

Histograms of the Number and Density of Stations Versus Location

In the forthcoming paragraphs, the total number of data collection
stations is re-examined with regard to location, and the density of stations
is discussed in detail. The discussion includes histograms of the number
and density of stations versus location, and histograms that show how the
states and the area of the United States are distributed with respect to the
density of stations. '

Figure 7.37 is a histogram of the number of stations versus loca-
tion. This figure is identical to Figure 7.1, and is repeated here for the
purpose of convenience when examining and comparing subsequent figures.

The density of stations in each state was determined by dividing
the number of stations in each state by the area of the state. The results
are shown in Figure 7.38 which is a histogram of the density of stations
versus location. The values shown in this figure have been rounded to the
nearest whole number. Several broad ranges of densities have been shaded
to clearly identify the states that have densities of stations in each of
these ranges. This figure clearly indicates that the density of stations
varies widely from place to place, and that, for the most part, the stations
seem to be concentrated in coastal areas, and in the Mississippi, Missouri,
and Ohio River basins.

The data on the density of stations in each state was used to pro-
duce a histogram that shows how the number of states are distributed with
respect to the density of stations. To do this, the entire range of the
density of stations was divided into 17 intervals, that are 10 units wide
and the number of states that have densities in each interval was determined.
The results are shown in Figure 7.39a. The values above the histogram give
the number of states that have a density of stations in each interval. The
shading in this histogram corresponds to the shading in Figure 7.38, and indi-
cates identical ranges of densities of stations. The number of states that
have a density of stations in each of these ranges is shown within the shaded
region of the histogram. It should be noted that a slight discrepancy exists
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between the values in Figures 7.38 and 7.39a. This is due to the fact that
the values of the densities of stations shown in Figure 7.38 have been rounded
to the nearest whole number, while the values of the densities of stations
used to determine the histogram shown in Figure 7.39%9a were not.

Figure 7.39b is a histogram that illustrates how the area of the
United States is distributed with respect to the density of stations. The
density of station data and the area of each state was used to determine how
much of the area of the United States has a density of stations in each of
the indicated intervals. To do this, it was necessary to assume that all of
the stations in a state were equally distributed throughout the state, rather
than being concentrated in various parts of the state and sparse in other
parts. The values shown above the histogram indicate the percent area of the
United States that has a density of stations in each interval, rather than
the actual number of square miles. Intervals identical to those shaded in
the two previous histograms have been shaded in this figure also. The per-
cent area of the United States that has a density of stations in each of

these shaded ranges is shown within the shaded region.

The density of station data was also used to determine the mean
(average) density of stations in the United States using the equation given
below,

Q|
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=
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i=1
where dSi ii the density of stations in each state, Aj is the area of each
state, and dS is the mean density of iFations. The mean density of stations
in the United States was found to be ds = 28.4 stations per 1000 square miles.
It should be noted that the equation given above is for a weighted mean, and
when reduced, is equal to the total number of stations in the United States
divided by the total area of the United States.

i
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The standard deviation, o, of the density of stations throughout
the United States was also determined. It was computed using the equation

given below,

50 =0
3 Byldspe dg)
g = ot - (7-2)
2A -1
i=1

where dg., A;,and a;have been defined previously. Just as the values of dg,
were weighted to determine the mean, the values of (dsi - a;)z have been
weighted to determine the standard deviation. The standard deviation of the
density of stations in the United States was found to be o= 21.4 stations per
1000 square miles. Both the large value of the standard deviation (large
compared to the mean) and the histogram of the percent area of the United
States versus the density of stations vividly illustrate how widely the
density of stations varies throughout the United States.

Scatter Plots and Regression Results of Number of Stations

In an attempt to identify some of the factors that may influence
the number of data collection stations in each state, four variables were
chosen for examination. These variables are area, population, average annual
rainfall, and per capita income of each state.

The first part of this analysis represents a simple attempt to deter-
mine if any correlation exists between the number of stations and each of
these variables by simply plotting the data. This produced four scatter
plots shown in Figure 7.40 through 7.43.

It should be noted that the number of stations was used in the
scatter plots of area and population (Figures 7.40 and 7.41). However, the
density of stations was used in the scatter plots of'average annual rainfall
and per capita income (Figure 7.42 and 7.43). This was done because the
number of stations and the population of a state are parameters that are
usually thought of as dependent on the area of a state, while the density of
stations, average annual rainfall, and per capita income of a state are para-
meters that are usually thought of as independent of the area of a state.
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Hence, very 1ittle correlation exists between the number of stations in a
state and either the average annual rainfall or per capita income in the
state, while a substantially higher correlation exists between the density

of stations and either of these variables.

The second part of this analysis centered around obtaining results

of a log Tinear regression analysis that was performed on the data. Four sep-
arate regressions were performed to determine, if any, the correlation between
the number and density of stations. and each of the four regression variables.
The results of the regression analyses consist of: 1) the coefficients of the
power functions that are the least squares fit through the data points i1lus-
trated in the scatter plots, and 2) the values of the index of correlation of
each case.

The power function that was fit to the data in the scaiter plots by
the regression analysis is given by the expression
y = ax’ (7-3)
where k-and y are the regression variables and a and b are the coefficients

to be determined by the regression analysis. The values of these coefficients
are given by these eguations:

h = i=1 i=1 i=1 (7-43)
n 2
n Z V12 - E V_i
i=1 i=1

s ioq 1 -
a=Tlogl {21 Ly izl (7-4b)
n n
where,
Vs = Tog Xs {7-5a)
Wi = log Y5 (7-5b)

and (xj, yi) are the pairs of sample values, and n is the number of sample
pairs.
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2, is a number between zero and one that

The index of correlation, p
is a measure of the extent to which the values of one parameter (i.e. area
of a state)are related to the values of another parameter (i.e. number of

stations in the state). It is computed using the expression given below,

2 [n 1'%:1 1T (;Z:ixi ) (é 'y") ]2 - (7-6)

where all parameters have been previously defined.

An index of correlation of one indicates that the parameters are com-
pletely correlated, and that each value of one parameter corresponds to only
one value of the other parameter. An index of correlation of zero indicates
that the parameters are not correlated, but not necessarily independent of each
other, and that each value of one parameter does not correspond to any par-
ticular value of the other parameter. An index of correlation other than
zero or one indicates that the value of one parameter corresponds to a range
of values of the other parameter, where the larger the index of correlation,
the smaller the range of values. Basically, the index of correlation repre-
sents a measure of the extent to which the variation of one parameter is re-
lated to {accounts for) the variation of the other parameter.

Figure 7.40 is the scatter plot of the number of stations in each
state versus the area of the state. The results of the regression analysis
of these two variables indicates that the variation in the sizes of the
states accounts for 46% of the variation in the number of stations in the

states.
7
Figure 7.41 illustrates the relationship between the number of

statPons in each state and the population of the state. The value of the
index of correlation of the regression analysis of these two variables can
be interpreted as meaning that the variation in the population of the states
accounts for 25% of the variation in the number of stations in a state.
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Figure 7.42 shows the dependence of the density of stations in each
state upon the average annual rainfall in the state. The index of correla-
tion that is part of the results of the regression analysis implies that the
variation in the average annual rainfall of the states accounts for 32% of
the variation in the density of stations in a state.

Figure 7.43 illustrates the influence of the per capita income of a
state on the density of stations in the state. In this case, the index of
correlation was very small, and it indicates that only 2% of the variation

-of the density of stations in a state can be accounted for by the variation

in the per capita income of the states.

These results demonstrate that the number of data collection stations
in a state is substantially dependent upon the area of the state and the
average annual rainfall. They also suggest that the population of a state
has some influence on the number of stations in the state, while the per
capita income has little impact.

Individual Regression Parameters

Since the variation of the four regression parameters throughout
the United States is not common knowledge, this information is being provided.
The following figures illustrate the values of the four regression parameters
for each of the fifty states. The area of each state is shown in Figure 7.44,
the population density in Figure 7.45, the average annual rainfall in Figure
7.46, and the per capita income in Figure 7.47.

These figures have also been provided for the purpose of comparison
with some of the previously discussed figures and with other figures that
follow. It should be noted that my comparing the figures of the number and
density of stations (Figures 7.37 and 7.38) with those of the four regression
parameters (Figures 7.44 - 7.47), one can determine the degree to which the
dark and light areas of each map match each other. This visual process is
similar to the mathematical processes of correlation involved in the regres- =
sion analysis described in the previous subsection.
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Histograms of the Amount and Density of Data Collected
Versus Location

The results of the previous analyses indicate that the density of
data collection stations varies widely throughout the United States, and that
none of the four regression parameters accounts for more than half of the
variation in the number and density of stations. Because of these results,
it was felt that another parameter, the amount of data collected in each
state, might be of more interest. This parameter was examined in the same
manner as was the number of data collection stations.

Figure 7.48 illustrates the amount of data collected per year in
each state. It should be noted that the state of Missouri collects one of
the largest amounts of data of any state. A substantial portion of this
amount of data, almost 4.8 gigabits per year, is collected by 25 stations in
a single network called the Regional Air Monitoring System. This figure also
indicates that the total amount of data collected by all of the stations in
the data base is 135.7 x 10g bits per year. This total amount of data is
equivalent to an average continuous data rate of approximately 4300 bits per
second.

Figure 7.49 depicts the density of data collected versus location.
It was determined in the same manner as the density of stations versus loca-
tion (Figure 7.38).. This figure shows that,like the density of the stations,
density of data collected varies widely with location, and that the density
of data collected tends to increase moving eastward across the United States.
Again, it should be noted that the high density of data collected in the state
of Missouri is the result of the 25 stations in the Regional Air Monitoring
System. These stations alone produce a density of data collected of almost
68 megabits per year per 1,000 square miles. :

An analysis identical to that of the density of stations was used
to determine the histograms in Figures 7.50a and 7.50b. These figures show the
distribution of the number of states, and the area of the United States with
respect to the density of data collected. The values shown above each histo-
gram are the number of states and the percent area of the United States that
have a density of data collected in each of the 21 small intervals. The
shading in these two histograms corresponds to the shading in Figure 7.49,

7-66

- MR e S e

S _ 2



M EGE @ @ ai M GE g W N G WE ) Gp I - ea s

TOTAL = 135.7 GIGABITS/YEAR
2.3 i
Gvid 1.2

1.7 &0 0.5

1.7 1.3 1.8 2.7 > 1.4

0.3

13 3,3 \0.7
153 Rk «0.9
0.7 b, 2,5 2.4
1.0 2.4 V1.7 0.3
7.5 1.8 71 1.0/, , 3.1
2i3 6.7 1.2
2.1
1.3
~J
o 1.2
~J
2.6
°0 HAWAIT 1.4 {3-0
®a
<3 4.4
i 4 ﬁ
ALASKA
N OUTSIDE THE U.S.
31.1
‘s'. =3
e -_ . ..'-D" ¥

FIGURF. 7.48. AMOUNT OF DATA COLLECTED PER YEAR VERSUS LOCATION (gigabits per year)




ALASKA

1 <20 megabits per year per 1,000 sq. mi.
(] 20-40 megabits per year per 1,000 sq. mi.
40-60 megabits per year per 1,000 sq. mi.
221 >60 megabits per year per 1,000 sq. mi.

FIGURE 7.49.

DENSITY OF DATA COLLECTED PER YEAR VERSUS LOCATION

& wr daih am Op ay ' e T M D W ‘A an e P e - o




A
@ 1 |-
-
< 9
=
w
.
o
e
w
o
=
S 8 b
>
o
2 I=%
&
L i ! fE5E5e e E : i 2R 1 | : S
10 20 30 4 5 60 70 80 90 100 110 120 130 140 150 160 170 180 180 200 210 220 230

i) DENSITY OF DATA COLLECTED (MEGABITS PER YEAR PER 1000 SQUARE MILES)

~

R .

- FIGURE 7.50a. DISTRIBUTION OF STATES ACCORDING TO THE DENSITY OF DATA COLLECTED

o




—

S
2 20}-193
&
= L
W s
Q ]
e 15 —
g d, = 295
12.5
w : =
e o 22.7
|-
w
o 10}
<
i
[
<
E :
w 5
3]
o
L 31.8%
0.2 0.2
l B v | 1 1 T N

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210
DENSITY OF DATA COLLECTED — dy (MEGABITS PER YEAR PER 1000 SQUARE MILES)

(7 4

FIGURE 7.50b. DISTRIBUTION OF THE AREA OF THE UNITED STATES ACCORDING TO THE DENSITY OF DATA COLLECTED




and indicates identical ranges of the density of data collected. The number
of states and the percent area of the United States that have a density of
data collected in each of these shaded ranges is shown within the shaded por-
tion of the histogram. Again, it should be noted that any discrepancies that
exist between the data in Figures 7.49, 7.50a and 7.50b have occured because
the values of density of data collected shown in Figqure 7.49 have been rounded
to the nearest whole number. '

The mean and standard deviation of the density of data collected in
the United States were determined using the previously mentioned equations.
The mean of the density of data collected was found to be Hd = 29.5 megabits
per year per 1000 square miles, with a standard deviation of o = 22.7 megabits
per year per 1000 square miles. This value of the standard deviation, and
the histogram showing the distribution of the area of the United States indi-
cate that the density of data collected varies only slightly more widely
than the density of stations.

Scatter Plots and Regression Results of the
Amount of Data Collected

" The analysis of the amount of data collected also includes an
examination of the variation of the amount or density of data collected in
each state with respect to the area, population, average annual rainfall, and
the per capita income of each state. This analysis was performed in the same
manner as that of the number and density of data ‘collection stations discussed
eartiier. The first part of the results of this analysis consist of scatter
plots of the number or density of data collected versus each of the four para-
meters mentioned above. The second part consists of the results of the log
linear regressions that were performed on this data. These results are iTlus-
trated in Figures 7.51 through 7.54.

Figure 7.51 shows the scatter plot of the amount of data collected
in each state versus the area of the state, and the results of the regression
analysis of these two variables. The index of correlation that is part of
the regression results implies that the variation in the sizes of the states
accounts for 46% of the variation in the amount of data ccllected in each
state.
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Figure 7.52 illustrates the influence of the population of a state
on the amount of data collected in the state. The value of the index of
correlation of the regression analysis of these two variables can be inter-
preted as meaning that the variation in the population of the states accounts
for almost 29% of the variation amount of data collected in each state.

Figure 7.53 shows the dependence of the density of data collected in
each state upon the average annual rainfall in the state. The results of
the regression analysis of these two variables indicates that the variation
in the average annual rainfall in a state accounts for 54% of the variation
in the density of data collected in the state.

Figure 7.54 illustrates the relatijonship between the density of
data collected in each state and the per capita income of the state. In
this case, the index of correlation indicates that the variation in the per
capita income of the states can only account for 7% of the variation in the
density of data collected in a state.

These results indicate that there is a higher correlation between
the amount and density of data collected in a state and the four regression
parameters mentioned above than between these four parameters and the num-
ber and density of data collection stations in a state (Figures 7.40 to 7.43).
It should be noted that the correlation between the density of data collected
and the average annual rainfall (p?2 = .54) is substantially higher than
between the average annual rainfall and the density of data collection stations
( p2 = ,32). It is also the highest correlation achieved in the entire analy-
sis.

Multi-variable Regression Results

In addition to the regression analyses of the number of stations and
amount of data collected that were done using each of the four variables in-
dividually, log linear regression analyses were done using all possible com-
binations of these four variables. In each case, the combination that con-
tained all four of the variables produced the highest correlation index.

The regression analysis of the number of data collection stations in
each state jdentified the following relationship between the number of stations
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in a state and the area (A), population {P), average annual rainfall (R},
and per capita income (I) of the state.

A0.38 P0.45

NUMBER OF _
0737 0,50 (7-7)

STATIONS ~ 8-62

R

The index of correlation associated with this analysis, 92 = 0.71, indicates

that the variation of the combination of these four variables accounts for
71% of the variation of the number of stations in a state.

The following relationship between the amount of data collected in
a state and the four previousiy mentioned parameters was identified by the
regression analysis of these variables.

AMOUNT

0.51 PO.27
OF DATA

- 0.0146 A 0.35 .0.93

R i (7-8)

The index of correlation resuiting from the analysis of these variables,

p2 = 0.76, indicates that 76% of the variation in the amount of data collec-
ted in a state can be accounted for by the combired variation of the area,
population, average annual rainfall, and per capita income of the state.
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APPENDIX A
COMPUTER PROGRAM

This appendix contains an expanded version of the flowchart provided
in Section 6. This flowchart indicates, in more detail, the tasks that are
performed by the program. This appendix also contains a complete 1isting of
the main program, the subroutine, CWAB, and the four function programs.
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FLOWCHART OQF
MAIN PROGRAM (continued)
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FLOWCHART OF

MAIN PROGRAM (continued)

®
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FLOWCHART OF
MAIN PROGRAM {(continued)
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FLOWCHART OF
FUNCTION PROGRAMS
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COMPUTER PROGRAM (continued)
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COMPUTER PROGRAM (continued)
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COMPUTER PROGRAM (continued)
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F Y C T P L s AT L e LUt e I T T IN T s T IR T TR TR LA T RIS E3G O
+ TMET  PMO , THAT  VME R SMNE IS, 10 L NT Y, Gacs2ad

4 YNTIY L SNYE L VRHE L TN, BN G IRY Y, PNCT LI, RS- I
+ SOHY , YO T TORT 4 "PAY, THEY o' C ' SO S TTNY LT TXY,UTY, 3306269
FOIVT L TVACLTWAT, SRV L IGLY s gy iti%e27)

Bt Sl pnipach e L oI 25 e —
JATA 3ITACW/Z]1 «60595 35441291 134805153 e1741534693 413425795030 IC.LB270
T 2e ST+ ECeSE1 T84S T6904 450230057 159004130 2Pl 1ECu S5 e520236 0, TS 30y

T Sweu?otIdlsccossuscloy -\u-c“ﬂvt:-dblna--:lons‘o-.Q-.‘IJ R Y L ELE ) TSUw5310
+ 14T, 132477422 7|113 S479Te3C8 1703301 12]1 v£55+4545TB 452586 123215320
P P 8T 4l B2 65, ] 06 3R] 2859333,10218+31.055,7T 4547, 33036313}
+ 42 2b 82T e 23341 844516453035 140La317 4634 172124181, UG l&442
+ 5o.15a.;7.=14/ FJ0CEeE35

‘ATP :\":LJL".:':""lzﬂ____r‘_ﬁﬂ "l -y -"]“1 C!'F "‘f-r'cl "':‘L ‘\L':'!f b
+ ST 273295174772, 43404‘35’555044.2’0043\]:I-Lp 1(-::5-2‘330 el [igad Pc gt |
+ J02241503€1401291 60/ JCITHEI30
- TLTSEsS
COMMIN ATLETZsAFN JART+AMIsRT oA waBegznc
C JI0hatn
C INITIALIZE ARRAY3I TO ZERO P, TH4a 20
C TDN8430
-:4-\ S6.5 ::—I'IG'! "'Lnl.\
BTLBTES(IZ)I=Z2.02¢C PEPTL E L
DO 566 13214441 PihQeasn
SFATIL e I 1= Rt i e hed - T g 7]
BRT{I2s12)=2 JL0ub+3 .

565 CONTINUE il et 1
DO 567 I4=1s21lsl Jeoyasio
BME(IZ2s Lul=n * 13226519
T T Sl ey F20
B{I2+[3s[4)=2 A22I25309
S&6& CONTIMUE i3 les540
D87 Lwint I NUS T T TGS 5T
555 CONTINLE 3E0CaSol
c R XU R AV
C COLNP AND “RITE A . TLL 2558
(a) - W20 L0593
DR & [Z2=1+52.1 ° Y3265
< “npAthaal )
pugre I e =N RIS “13:-—3-)(;_
HTL(IS}=" 19125630
CD 61 [3=1.F3,1 - 133Th64T
FEE TN ES JIBCo659
61 CONTINJS 13 Jonby
— 5% CONTINUS ——— — JJISLe6TT
DG B2 14=1,03,1 CYiiH608)
HCItI o) =¢ AL Cooon)

17 Zogng oy = 1w i g TP T o0 —
c " F€Q o710
HEM=ASM{ 124 L J+AFMIT D 2 +AFMI T2+ 2 +AFMI1 2,4} 33036720
HRVIZART LIZ12 I FARITL 1244 ) Q533C67T3U
HF=2SAPT{ 1242 )+ARTI(I244) 04336740
et TIPS z RIZ J~dbb?50
DG 63 1331 sf3sl 23326760
DD 04 141531 . INI6TTO

LN R r R ey iy e e ILARS TR
HTL{1)=ETL{ L) +A{I2413+18) 130307990
FMS{ L1 I3)=HMI(1 i 3)+A012+413404) ' _ e . Np2li63u4
- €4 COGNTI™NUE - 11366312
CTLL1)=HTL{1)/873am (12} JEItnd20
0o A5 143,341 R . - S lZ6331
HTLI21=HTLLZ1+ALE2, 1 3T 4) JG8Codad
HMS(2,I3)=sHVEIZJI3IFATIZ2,(3014) 233CBS3L

== pay e S R 35—
DTL(2)=HTLIZ) /7375Q1(I2) ILCCH37 2
D0 66 T4=17+1E+1 _ 162 o383
T O THRTLOIIERTLLZ )AL 2V IS TA T, .5897
HASI3 e IZ)=HVYS (3131 ¢A(I24I30in) R LA T B
e B LONTINUE L o dmmee mee - f e e —_— - ——_— - 36250319
CTLE3)=PTLIZ)AST50M12) CINLeS2N
oG 67 14=17921s1 ICCTa%39

CB B S B e i o o '};;Cu-?ﬂ"'""
M3 a, [Z2ioidNE (4 [ 3)}+4(12413414) 30 2e35”
LT CONTINUS . . 3%fCCu36l
TTLlRI=EIL{a) /75 cam(i2) 5150873
EZ LONTINUEZ - 10026932
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COMPUTER PROGRAM (continued)

1) -2ZCa L) G0 T 6L - . —. - - e m— - — .3G3CB592
p252) 1245TA €(12).H1Li1) DTL( 1) JATLETS(IZ2) 7007300
v212} PIRQTT 1T
e I B e R iy g MR e e i T 1 —TNITA—
1278} ILDO7L3G
222€) (ARTLIZ2e 2) od22844) s tdRTE o BRT2 WHRT S PO 2Lty Ju TN |
22 71% ISCL705G
s2uf) (AMI(I2,JZ2).42%1,GC3) 3CILTAGQ
s2nT ) (HCT L 32 1201 ,33) by W' a K iy S
1210 ) (P{L2)ed253013) ICAIGTIED
Sledbsl FLILTRHGD
Pimdad trilabd TF fe s v b TN Ly
9211) (AMS(1IS5sdZ)e 2=1-P3) IC0Q71I0
J3In7 L2
o Ti3T
J3997 148
PR a1 1V T Lol AL A T DA UL 0 N T P &5 - D1 O L R 1 4 B 1 | AAINTISE
222 FORRMAT (IHY s1 4w SX AL 35X+ IB8eTXeFlle435XeE15.72 Tl 71s9
2C0 ESRMAT (1M  EX, SHZINTOAX Abcord] fa S ok HIUSY o SX o Sk SV SNT W3, SHToTAL) oA AZYI T
264 FORAAT (1H :EIIQ) JLICT718H)
235 FQRMAI CIHY 2 Xe 7HNE I'thv4X|eFR=CCRuvIXsBHTELENETEn'éx' DC?C?i?O
o ‘*"lJ-.JlI'I'CAIEl‘lﬂ-—‘-"'uulﬁ!—a\’?ﬁl-h"guli".-dl\l-.1.-.!)‘\(..1 AT T A\
a%b FORIMAT (I L7112} 32207212
287 FORMAT (IHI.3354 EVNT CGNT  I8TA _ SMIN ISNIR 3IMIA. 33267229
+ #8H 1HR ZHR 3HkR eMR 12HK iDA 2L A 1'WK, Teut?23)
+ 42H ZWK mo & WK, 2M0 M3 oMC 1Yr} uQRs724)
QoS SR AAT (1t L FeMT= D1TaY ERRY L T4
225 FORVAT (1F +ZHCI=,2116) JTCLT200
217 FORMAT (IHF4+21HBITE= EVNT CONT#1318) 10337273
gt S [N L L iy boad DJ 5-.1-4!_5_'-
212 FOAMAT (IH 2 I8+:5XF 1.5} JuCLT26 )
213 FORMAT {1H lXyAd41518) 36137393
c . 22237310
C QCGRUTE FIRST PART IOF B JL.05T3EN
c WO ULTIA3AN
D0 85 [2=1s65.1 2U9JIL7 349
IS=RGN{IZ) IYQCTIASN
BT PSS = TS TR S AT EE Tt} MR I
oL B6 [3=1+441 L0737
BRT{IS« 12 )=BRT{IS»I3)+ART(12,{3)} 7307339
BrM{IS I I=gFr {15 T3T+AFMTIZ 3] ‘LJQ?}GJ
de CONTIMNLE IR LTaT
OC 87 fasy . (03,1 ﬂ'ﬂﬁ7ntr
BMI{15,14)=2UI{IS[4}+AMIT12,14} uALST7422
R 3 Jub=E | DU LA
b P Lt AT I Tl ALY NI T ANVIaY AL AT u-.——l‘-'“
E& CONTINUE JR2%7454
57 CONTINUE JusdTacd
&5 CUNTINUZ Jeadrern
M1IWB7438°
£ moMBITE ASOANS DAST GF D PELL Y-
C U575y )
CT 231 [3=144,1 INILTS LY
E i =ma 1 s e v 235
¢ J€=CTRL(IZ,1) - 22337532
17=CTRL(IEs2) QAT SE D
v za2 [e=fas [Tyl v 3785
BTLBTS{I3)=EBTLETS(I3)+BTLETS(I2) Y03 3755)
00 233% 13=1.4.1 S IETA
BRTIIZ+[3)=BAT(ISI3)+BRT(I2:[3) e Eoleg-¥- 3]
BEU{IS,IZ)=EFM(I%:+I3)+BFM{IZ2.13) JCL 37593
TS PN TS G - M o~
D0 234 [4=1+G301 PQITTHLD
BMI(IC, 14 )=0MI(10.148)+a¥]1(12,14) . 292 Twd
DU 2335 lo=1l+Pdel -3 Aare3?)
BlISsI3»ia) = B8{IS:I3+14) +# BCI2213414) AL 27840
2535 CONTINUS LT IR
23« CONTINVUE BRAvEvg 4-1-0]
232 CONTINUE 2108767 2
< nCle763)
C COUNT AND WRITE_ &2 IG3IETTRY
: - B
£= £ Lol I3 v
- CO 251 tc=1s1Esl 33528
Bx],4 IJITTTAY
Eg,$§§4£, 12l Sialzzsl
LG 252 132 I’FE'I 2420770
HH:(I:-Iu =7 q3057?70
Figs P i L i o e =T i
25s CONTINUE ACIVTIID
DL 253 14210301 e — = e 227890
4 F= [
HCI{14}=C wNET320

253 CONTINUE
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COMPUTER PROGRAM (continued}

ERPRODUCIBILITY OF ‘Tt
CREGINAL PAGE IS PEOH

B o T T T 1 p—— ‘e e UV RO SRS —————, T, ¥ = %<1 )
HATI=3RT(I2+.23+835T{1244) T 3Y0TE4R
HET2=33T {12+ 23 +BRT{[244) 4GILTES0

———— A A T 2 e ST e 2 iR 2 e T e RN
HEMSEBT A{ 124 1 )+3FM{I2:2 1 +BFM{ 124 2}+0FU{1 24 JLICTITD
DD 254 13315341 ) 20347580
T3 255 [u=1.Q32,1 J¢ICTIN0
HCI(I&)=HCI{I4)+B(I12,13s14) R AR AT ILA
e HTL ALY SHTL{ 148 (12, 138103 . § S Beir - N S S
HM3{1+I33=1¥a(1:13)+3(12+13419) 3SN07S20
255 CONTINJIZ 33 27932
=ittt e S S 2 e R 1
o0 2350 l4z3s3e1 2E00TISS
. CHTLI2Y=HTL{Z)4E(12,13sT4) 1.327360
B3t T2 =Hv (2, T3V 124 T3, 147 - INLQTITY
256 CONMTINUL nLacTSen
- TLL2I=aHTL{ Z) /2GNSOMIT2) —— - L £AI7352
L 257 l1a=1"4+118.1 YLAGEN00
ATL{3)sRTLIZ)48([2+413eI8) 240CaC19
L e R e o R e = R e e A - R AL
257 COMTINUE 24058030

o OTL(3)=HTL(Z}/RGNSAM(I2) o 32008740
o0 253 le=[%+211 BLE 38058
HVL(a)=sHTL{4)+B(I2: [3e 14} R EDY Y w

—_— e MM Sy Ty =ME (G [3) 0L L2, 13, 14 . R —a32368371)

25e CUNTINUS 12523080
DTL(&I=ATLLA) /RGNSQM(T2) 10003080
P S R e 3L 3 e
IF (HTL(1) +ECe T) 33 7L 281 10588118
WEITS (642222) I2+LICATIIZ) oHTLL 1) 40TLL{Y }8TLBTS(IZ) 1constan
WE{TZ (Ee212) FAu25139
VRITZ (€+.20a8) (BFM{IZ2:JZ) 22l es) HEM a¢Idl49
 upiTE fErsiey . _AGaL8150
WARITE (8022€) (BRT(IZWJZ)1J2=1942HRTLIeFRTZWHPT I 33383102
“RITE (€,227) 28237y
) e - B e 110 i e MY - R e § AT .
WRITE (£2227) (HCE(JZ2),J2=1,.03) Guntalen
AFITE (£421C) (P(I2),J2=3, 15} 33383209 _
DU 271 IcS=iqdel NeuI 2L
WRITE (£4212) HTL(IS)»0TLIIS) oLn" 332240
WEITes (A 11 fuME{iS, 1o, 32=1 .03} ol B SO - A £
271 CONTINUE ITIid2a0
wEITE (8+212) (P(J2),42=3418) '-'.‘3'.1(15252_
oo B A =L M= F & - o F-=
WRITE (5,2132) SCALE(IS)}+{BlI2+J2+14J4+J221,F2) 13933279
457 CONTINUE ., £ 20e3285
251 CINTINUT wud4 3290
< T ¥21333an
IO oo W1 B 2 ALNATI0
299 FORMAT (* I AM FINISHED®) 134533320
S X i N 1Y ] 2l _2=33
. END 15523348
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COMPUTER PROGRAM (continued)

[ 1602335
C CE1ERMINT RECLRIIC JF TELEMETERES FLR CANc QESEFVATICN 23N 2330)
i pogre Rarka I gt |
{NTEGES FUNSTION FRTI(LLY I0le38N
— LN 5 AFM{ESe4leAR T{D5e4) L1 AMI{0S,21) . M3 33g
{MTEGER = 2 FT1a)sA(03: 1521 )sRT2HRTIWRTEHRTS PR L TR
REAL ATLBTS(65) 227323419
- e COMmSly ATLS3 TS s ATM AR T AN [ A Tl e — o - — he e s — D53 L5430
SATA RTE/'I T/WRT3ZVT Y/NRTASIB Y/ ARTSANE Y/ w3 ad343°
IF (FTI(LI}«ZGe~TAa) GIJ TI 182 G 43840
} B S NP A S I CRTE-L s B <D0 Ry i way ) TCYTSEST
IF {R{L1)+SC.RT2} GO T2 154 1YIN3451
I{F {(2T(L1)+3ZG-RAT5) GO TC 154 V53470
FFTI=1 Jlia2348¢C
RETURN JIidLA49C
1S4 Aoy l=g 32523500 -
RITULRM B MG 4L3510
L1S2 FFT1=3 HNIASEY
PTONNT TrSIE3Y
152 FRT1=4 16132549
RETURN _ 3721355
=ND T3%313589
< F L1557
ﬁ DETERMIWE RECGKRIELD OR TELEMETER=D FOR Twa QEITRVATICONE J?JE?ES?
A=) - o w
INTEGST FUNCTION FRT2(L2.L3) Lowtdond
RSA. ATLBTE(E3]) |- T- S )
ThTCCEF = 2 Rl G - AlOr IGs2 1 JeRT2s RT3 yRT4 4R 15 ol 562"
INTEGER AFM{ES 4 l+ART (as-ﬂ)-nMI(67|21)-L2-L- Hée 8o 30
COMEM ATI TS, AEM ART  ANT, 2T A IR A0E L
DATA ST2/'R */ZeRT3AVT "/ eRT4/ '3 '/ 3RTS/'P '/ 20T Gdasa
17 (RT(LZ).EC.RTS) GO TC 6€1 SC0 3366y
IFf (RTI{LZ)eZLS«ATE)Y GO TO B6LO PRV Y Y ]
IF {RTLLI) 2 T TC 6Us 130430549
ITF (m (L&) TL Gyo B e R 1= gt e 1S
IF {3IT(LZ) TO BOE Ff31:371u
IF (EY (L 2) TR w32 ao2laTes
IF (RT(LZ) T4 6.2 AT I
Favas1 IGiCaTan
‘;‘:Tilqkl ﬁ_a{' 1t 7:;
o o IF (FTILEY}«ZGaRT3) 6T TC &1 I aTE)
I (RTILIV.ECRTI) GO T4 60G1 I2VI8T7T)
rRic=ad PR
RETURN [LRy_ 3 b
23] FRT2=4 123IGE850_
RETUR he Fiiusslo
L2 FRT2=2 Vi Jnd2u
Tt J, LY. N TN
END Jw BB
+2J5335)
C JELSFAINE FTCCIDSL OR TELEMETEREL FCR THREZ OBSERVATICAS YI3L330 .
LA
FUNCTISON FRTI(LaslL34L6) 323103356
N AF"'(_c"o‘l-)_ué_p__t 554% ). |_ MI_ D%eZlleLbst S 'La - o . 350685832
INTEGZR = TUA) +ALBE 415421 sRT2smTIwnTE4RTS 1ACCS 5
REAL A‘LE1"(6=) T3I27(8319
CE ANt TLATS +AEM 4 ART L AN L AT +-A 3.9053%20--
DATA RT2/'R_'/,3T3/'T -/.=74/'5 Y/ RT5/%0 7 163C3930
IF {ST(La).ZCRT4) GO TO SCAC3TI4)
T L ss LR =T e IR T FR LS AFE=2ak—)
IF {=T([L&) TOQ 821 . 1J¥ICR3H0
If_ (3T(L4) TC 626 ILCCESTY
IF {~ (L&} TC 620 JeDLa8%8)
IF (RTI{LE) TL 62& JCRTRIIN
L (RTit 4l L _ A28 A In0G LD
IF (RTILS)SC.RT2) GO TG 626 ILILIQLIY
If {I"(LE)+E3.RT2)} GI 70 626 3CA”S 320
P NI o e N e L ) a2 e g i
IT (RTYI{LEY+SURTI) GO —C 522 JETHTLD
IF (3T(L6).E3.RT3) G TC 622 S LEge S
Faras 1 2LALI A6
RETURN GL£IC39373
62605 (RTILAY SC.B2T3} GO T3 5218 1033380
IF (FTILE)«TUsRT3) GO TC 621 JGgLIT g
[F (FT(Lo}EG.RT3) GO TLC 621 ICLLSICS
g Seed P VaN
RETURN M 35L45129
B2) FRT3=4 ) . Q722913
FECUEN ) EEDNIERE T
82 FFT3=3 32003150
ZETLUEN - ol - R Y- A
ZND N L5 &)
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COMPUTER PROGRAM (continued)

< - 1I2)TS1an
C LET=RmIMS RECIRAED IR T SMSTSRED FLR FOUMR CBSSRVATICNT Qo I091 39
— LA L
i FINCTION SETa4{L7sLoslSeL1I")} ACRIF210
PR ¥ & G o) s AR T(E33%) sAMT (63521 s LT oLES LT WL 1D - - L. _ YInags223
INTE = T(3YsAloFs 15121 ) sRT2+3T3 92 T4 4RTS JIIL323C
TTAL ATLE 2] TLneg249
ootz sy ST AR ANE oS T A e ABILE25A
DATA RTZst Sy RT3 S aRTGsr T3 Y/ WRYSAYE Yy 13339269
IF {37{L7} «3T4) GO TS 831 VoLu32Tn
[ S LR R = A= A ST e Sk S e T
1= (PilLs) R4} GJ TS 631 Y23I925Q
1= (=={L1° LePT4) GG 70 £31 LArS 339
IF {(~RT{L7} =TZ2) wd TL 83& R Ie314
I£ (&7T(LA) LRT2Y GBS TS a63E 2939320
1= {7l ) AST 2} 57 T /A4 T arLe33
IF e~ (L1 W.RT2) GO TO o356 T ¥I9349
18 AFT{LT) RTS) G TE 63€£ 23 IS3I5S
S S S R g B T ST
IF [RTILS)SC.R75) G2 T3 636 13335372
IF (RT(LIC)«ZGePTS) GG TO £36 3 IMNG 339
IF (AT (LT JecGeri2l GJ TE Gac TETILTLEEYT T
IF {RT(LSE RT3} G TC 632 1C$3845)
IF (=1 5 1 .OT3Y S0 TS oS Q20941 3.
17 {37{L1 C«RT3) GO TC &322 TG4 Qe
FRT4=1 T2I03432
T ot Lo mrat A 2 S S
630 IF (STILTI+ZIC.RT3) G2 TC 631 1y IINGe5 0
IF (RT{1.31.5G.273) 53 T3 631 ! NLNTIa6"
IF (RTlL31sccel15) GJ & a3l BELJwaTn
IF LIT)aZSGeRT3) GO TC 631 1317943
ED L S22CS490
RE 053305
631 FR LRl 1=) |
= e SE
32 FR 2300355371
AE W 7954 N
=N T TTTTT T TTTTT AL M9asd T
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APPENDIX B

CODING INFORMATION FOR DATA
COLLECTION STATION DATA BASE

This appendix contains an explanation of the format of the data
cards in the data collection station data base, some sample data,
codes that were used to encode the data on the data cards, the method
that was used to encode the amount of data per measurement, and the measure-
ment and collection intervals.

DATA CARD FORMAT

The géneral format of the information on the data card s given
in Table B.1. The general format identifies two specific components, sta-
tion information, and observation information. The format of the station in-
formation is given in Table B.2, and the format of the observation informa-
tion is given in Table B.3. Some sample data is shown in Figure B.1l. It
should be noted that many additional spaces have been inserted between the
columns of data in order to facilitate reading it.

B-1
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TABLE B.1
GENERAL FORMAT

COLUMNS CONTENTS
T 1-4 Number of data collection stations
5-10 Station information
11-25 Observation 1 information
26-40 Observation 2 information
41-55 Observation 3 information
56-70 Observation 4 information
TABLE B.2
STATION INFORMATION FORMAT
COLUMNS CONTENTS
5-6 State Code _
7 Fixed/mobile code
8-10 Network/agency identification code
TABLE B.3
OBSERVATION INFORMATION FORMAT
COLUMNS
CONTENTS
BS 1 0BS 2 0BS 3 0BS 4
11-13 26-28 41-43 56-58 Observation identification
14 29 44 59 Bits/characters code
15 30 45 60 Record/Telemeter code
16-18 31-34 46-69 61-64 Amount of data per measurement
20-22 35-37 50-52 Bb5-67 Measurement interval
23-25 38-40 53-55 68-70 Collection interval




£-8

Number of

Stations
and Station
Information
’_.._..._..A-—--——\
1 5C F ERD
1 SC F ERD
29 SC F ERD
2 SD F LO3
g SD F LO3
14 UT F V5813
7 UT F vel
11 UT F vB4q
1 WA F X0U
6 WA F BR/
i WA F ERX
3 WA F ERD
t WA F ERD
1 WY F X51
1 WV F X651
1 wl F Y02
1 ND F 051
1 MND F Q51
1 ND F 035
1 ND F 051
1 ND F Q51

Obserﬁation 1

Information

’_....._A—--—--\
GOE B N 16 3
GO7T BN 80 1Y
GQ7 E M 96 1Y
GOS B N &4 24
G5 BN &4 11
GQ7T B8 N 8O 1Y
GO7 BN 48 1Y
GQ7 B M 48 1Y
GOG2 BN 84 10
GCB B N B84 1Y
GQ8E BN 4B 1Y
GGG B N 16 3M
GGS B 1) 32 M
GG5 B ¢ £0  3M
GOa 8 N 80 3
Co5 8 N a8 1
GGS B N 48 Im
GO6 B & 43 3M
GO6 B N B4 3N
G5 B K 32 11
GO%S B N 4B (W

GQ5
GOS

GO6
GQOS
GG3
GGa
GGB
Gas
GQ4
GQa
GQ38

FIGURE B.1.

Observation 2
Information

e e,

8N 32 24
8 N -

B N 16 3M
BN 16 1M
B N 16 1D
B N 16 1Y
B N 32 3
BN 16 1Y
B N 16 14
8 N 16 1Y
B N 32 1Y

2%
i

Observation 3
Information

——
GOB B N 16 1y 1Y

GQt B R 16 tH 1M
GQ7 B N 16 1y 1Y

SAMPLE DATA

Observation 4
Information

et et e,

HQ4 B N 16 1W W



CODES

The following tables contain the codes that were used to encode
the data on the data card. The information that was coded includes location,
fixed/mobile type, network/agency identification, observation identification,
and the use of automatic recording and telemetering devices. The codes for
the locations of the stations are given in Table B.4. The codes for the
fixed/mobile types and a definition of each type are given in Table B.5.

The codes for the Federal network/agency identification codes are given in
Table B.6, and the codes for the non-Federal network/agency identificétion
codes are given in Table B.7. The codes identifying the observations con-
tained in the data base are given in Table B.8. The codes that indicate
whether or not an observation is automatically recorded or telemetered are
given in Table B.9. Except for the codes used to indicate whether the amount
of data produced by a single measurement is a quantity of bits or characters,
and the time codes that are used when encoding measurement and collection
intervals, these are all of the codes that are used to encode the data in

the data collection station data bhase.



TABLE B.4
LOCATION CODES

AL
AK
AZ
AR
CA
€0
CT
DE
FL

HI
1D
IL
IN
IA
KS
KY
LA
ME
MD

MI
MN
MS

ATabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
Florida
Georgia
Hawaii
Idaho
I11inois
Indiana
Iowa

Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi

MO
MT
NB
NV
NH
NJ
NM
NY
NC
ND
CH
OK
OR
PA
RI
SC
S
TN
TX
uT
VT
VA
WA
Wy

Missouri
Montana
Nebraska
Nevada

New Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio

Okiahoma
Cregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas

Utah

Vermont
Virginia
Washington
West Virginia

W1
WY
DC
CB
CN
P1
AO
PO
JP
HK
AM
SA
AT
AC
PC
MX
GL
BC
IC
GR
RU
RT
NR

Wisconsin
Wyoming
District of Columbia
Caribbean
Canada

Pacific Islands
Atlantic Ocean
Pacific Ocean
Japan

Hong Kong
Central America
South America
Antarctica
Atlantic Coast
Pacific Coast
Mexico

Great Lakes
British Columbia
Iceland
Greenland
Russia

Arctic Ocean
Antarctic Ocean
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TABLE B.5
FIXED/MOBILE CODES

Refers to stations, both stationary and portable
that have a fixed Tocation.

Refers to stations that are mobile and are capable
of providing position information.

Refers to stations that are mobile, but are not
capable of providing position information.

Refers to stations that make observaticns and/or
relay data only after a specific event occurs.
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AGW
AFX
ASR
ATW
ADJ
ARM
AEC
BHW
BPA
BIA
BLM
BRX
CGX
€SS
CGS
CUA
CEX
DoD
EML
ERL
ERD
EPA
FAA
FWS
FSX
GRP
GSX
GSC
GLS
HSS
HYD
IBW

TABLE B.6
FEDERAL NETWORK/AGENCY IDENTIFICATION CODES

Agriculture Weather Reporting Station

Air Force

Alaskan Seismic Recording Network

Alaskan Tsunami Warning System

Arctic Ice Dynamics Joint Experiment

Army

Atomic Energy Commission

Bahamas Cooperative Hurricane Warning Network
Bonneville Power Administration

Bureau of Indian Affairs

Bureau of Land Management

Bureau of Reclamation

Coast Guard

Coastal Ship Observing Station

Cooperative Observing Station

Cooperative Upper Air Station

Corps of Engineers

Department of Defense

Earthquake Mechanism Laboratory

Earthquake Research Laboratory

Energy Research and Development Administration
Environmental Protection Agency

Federal Aviation Administration

Fish and Wildlife Service

Forest Service

GARP Experiment FGGE

Geological Survey

GS/California Institute of Technology Cooperative Station
Great Lakes Ship Station

High Seas Ship Station

Hydrology Weather Reporting Station
International Boundary and Water Commission
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IRD
LAR
MCX
NAS
NDB
MFS
NOS
NSM
NWS
NFC
NFE
NAV
NPX
0SS
OMP
POL
RAM
SGN
SCS
SSS
SMN
SAR
TVA
TWS
VSN
WQB
WSC

TABLE B.6 (continued)

Irrigation District Stations

Limited Aviation Weather Reporting Stations
Marine Corps

National Aeronautics and Space Administration
National Data Buoy Office

National Marine Fisheries Service

National Ocean Survey

NOAA/Colorado Scheol of Mines Cooperative Network
National Weather Service

NWS/FAA Combined Station

Naval Facilities Engineering Command

Navy

Northern Pacific Experiment

Other Substations

Qzone dMonitoring Program

Polar Experiment

Regional Air Monitoring System

Seismograph Network

Soil Conservation Service

SCS/0thers Cooperative Snow Surveys

Strong Motion Network

Supplemental Aviation Weather Reporting Station
Tennessee Valley Authority

Tsunami Warning System

Volcano Surveillance Network

Water Quality Branch, Environment Canada =
Water Resources Branch, Environment Canada
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AWE
CIT
OTH
AGE
SAQ
SFX
UNY
use

A50
A51

B3O
BO1
B02
BO3
BO4
B05

B50
B51
B52

C0o
€01
€03
co4
€05
Co6
c09
€10

TABLE B.7
NON-FEDERAL NETWORK/AGENCY IDENTIFICATION CODES

Agriculature Weather and State Agriculture Experiment Station
California Institute of Technology

Other QOrganizations with Seismograph Stations

State Agriculture Experiment Station

State Air Quality Station

State Forestry Agency or Local Fire Department

University of Nevada

University of Southern California

ALASKA
Chugach Electric Association
Alaska Department of Highways

ARIZONA

Sait River Project

Water Resources Research Center, University of Arizona
Roosevelt Irrigation District

Arizona Game and Fish Department

Maricopa County Municipal Water Conservation

Gila Water Commissionar

ARKANSAS

Bureau of Environmental Engineering, Arkansas State Department of Health
Arkansas Game and Fish Commission

Arkansas Pollutien Control and Ecology

CALIFORNIA

California Department of Water Resources

Los Angeles County Water District

Alameca County Water District

County of Sacramento, Water Resources Division
Whitewater Mutual Water Company

California Water Quality Control Board

Ventura County Flood Control District )
San Diego Department of Sanitation and Flood Controi

B-9



€11
€12
€13
Ci4
Cl5
Ci6
C17
cl18
ci9
c20
€21
c22
€23
€24
€25
c26
c27
c28
c29
€31
€32
C33
C34
€35
C36
€37
€38
€39
C40
C41
c4z
C43
ca4

TABLE B.7 (continued)

Orange County Flood Control District

Merced Irrigation District

Turlock Irrigation District

Tridam Irrigation District

Pacific Gas and Electric

Orovilie-Wyandotte Irrigation District

Mosquito Irrigation District

Contracting Entities

East Bay Municipal Utility District

Modestoc Irrigation District

E1 Nido Irrigation District

Madera Irrigation District

Hetch Hetchy Water Supply, City and County of San Francisco
Southern California Edison Company

Pacific Power and Light

Kings River Water Association

Fresno Irrigation District

Kaweah and St. Johns Water Association

Tulare Irrigation District

Kern County Land Company

Buena Vista Water Storage District

Terra Bella Irrigation District

Sausalito Irrigation District

Monterey County Flood Control and Water Conservation District
San Luis Obispo County Flood Control and Water Conservation District
Montecito County Water District

Santa Barbara County Flood Control and Water Conservation District
Metropolitan Water District of Southern California

Marin Municipal Water District

Marin, North, County Water District

Sonoma County Flood Control and Water Conservation District
Alameda County Flood Control and Water Conservation District
Santa Clara Valley Water District
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C45
Cd6
ca7
C48
cas
700
701
202
703
204
705
Z06
07
209

€50
€51
€52
€53
C54

boo
D01
po2

D50

D53
b54

E00

TABLE B.7 {continued)

Tule Irrigation District

Montague Water Conservation District

City of Los Angeles, Department of Water and Power
Paim Springs Water Company

Escondido Mutual Water Company

San Bernardino County Flood Contrel District

San Antonio Water Company

Temescal Water Company

. Riverside County Flood Control and Water Conservation District

Ventura River Municipal Water District
Ventura County Water Resources Division
United Water Conservation District
Kings River Water Conservation Board
San Gabriel Electric Company

COLORADD

Board of Water Commissioners, City and County of Denver
Division of Water Resources, Office of Colorado State Engineer
City of Colorado Springs, Water Division

Boulder City County Health Department

Puebio Board of Water Works

CONNECTICUT

Environmental Health Service Division, State Department of Health
The Water Bureau of the Metropolitan District, Hartford
Bridgeport Hydraulic Company

DELAWARE
Delaware Geological Survey

DISTRICT OF COLUMBIA
Department of Sanitary Engineering
Department of Environmental Health Administration

FLORIDA
Hollywood Reclamation District
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TABLE B.7 (continued)

E02 Manatee County Health Department
£03 Cefitral and Southern Florida Flood Control District

E21 Hi11sborough County Environmental Protection Commission
GEORGIA
EBO Savannah Department of Water and Sewage

ES2 Valdosta Water and Sewer Department

E53 Water Works, City of Gainesville

E54 Rome City Manager

E55 Water Works, City of Griffin

E56 Board of Water Commissioners, City of Macon
E57 Atlanta Water Works

E58 Columbus Water Works

HAWAT I
FGO Board of Water Supply, City and County of Honolulu
FO1 Department of Water, County of Kauaij
FO2 Board of Water Supply., County of Maui
FO3 Board of Water Supply. County of Hawaii

F04 Department of Hawaiian Home Lands, State of Hawaii

FC6 Department of Land and Natural Resources, State of Hawaii, Division of
Water and Land Development
IDAHO

F51 Water Resources Research Institute, University of Idaho

F52 Idaho Department of Environmental and Community Services
ILLINOIS

&00 I1Tinois Department of Public Health

601 Metropolitan Sanitary District of Greater Chicago
602 Iitinois Department of Registration and Education
G03 I1T1inois Department of Public Works and Buildings

INDIANA
G50 Indiana State Broad of Health

errODBUBILITY OF THE
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TABLE B.7 (continued)

I0WA
HOO Iowa State Hygenic Laboratory
HO1 Director of Lakeside Laboratory, University of Iowa

HO2 Des Moines Water Works
HO3 Ottumwa Water Works

HOS Iowa Department of Preventive Medicine and Envirconmental Health
HO6 Agricultural Engineering Department, Iowa State University
HO7 Fort Dodge Department of Municipal Utilities
HO9 Des Moines County Drainage District No. 7
KANSAS

H50 Kansas State Department of Health

H51 Board of Public Utilities, Kansas City
H52 Kansas State Board of Agriculture

H53 Topeka Water Department

H54 Kansas Forestry, Fish, and Game Commission
KENTUCKY
100 Kentucy Department for Human Resources
101 Kentucy Department of Natural Rescurces and Environmental Protection

102 Louisville Water Company

LOUISIANA
150 Rapides Parish Water Works District No. 3
151 Louisiana State Department of Health
152 Houma Light and Water Plant
153 Jefferson Water Works District No. 2
154 Lafourche Water Works District No. 1
I55 East Jefferson Water Works District No. 1

156 New Orleans Sewerage and Water Board

157 Bossier City Water Plant

158 Utilities Commission Water Treatment Plant, City of Monroe
159 Louisjana Wildlife and Fisheries Commission

160 City of Shreveport Department of Water Utilities
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D51
D52

K50

LOO
LO1
Lo2
LO3
Lo4
L.05
LOo6
Lo7
LO8
L09

L10

L11
L12
L13

L50
L51
L52
L53
L54
L55

MOO
MO2
MO3
MO4
MOS

TABLE B.7 {continued)

MARYLAND
Baltimore County Health Department
City of Baltimore, Water Supply Treatment and Pumping Division

MICHIGAN
Michigan Department of Natural Resources

MINNESCTA

Hennepin County Highway Department
Eveleth Taccnite Company

Minnesota Department of Natural Resources
Otter Tail Power Company

Ramsey County Engineer's Department
Northern State Power Company

Water, Gas and Sewage Treatment Department, City of Duluth
Minnesota Ore Operations, USS Corporation
Blandin Paper Company

Minnesota Power and Light Company

Metropolitan Sewer Board

Minnesota Pollution Control Agency
Washington County Highway Department
Unknown

MISSISSIPPI

City of Vicksburg Water Treatment Plant
City of Jackson Water Works

Pearl River Valley Water Supply District
City of Meridian Water and Sewer Department
City of Columbus Light and Water Department
Mississippi State Board of Health

MISSOURI

Division of Health of Missouri

University of Missouri at Rolila

Metropolitan St. Louis Sewer District

Little River Drainage District

Missouri Geological Survey and Water Rescurces
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TABLE B.7 (continued)

M06 Missouri Clean Water Commission
Mo7 Union Electric Company, Bagnell Dam
MONTANA
M50 Montana Fish and Game Department
M51 Montana University Joint Water Resources Research Center
M53 Montana Department of Natural Resources and Conservation
— NEBRASKA
NO1 State of Nebraska Department of Environmental Control

NO2 Metropolitan Utilities District, City of Omaha
NO3 Soil and Water Testing Laboratory, University of Nebraska

NEVADA
N50 Nevada State Health Division
N5l Walker River Irrigation District
NS4 Nevada Irrigation District

NEW MEXICO

POO New Mexico State Engineer's Office
NEW JERSEY
050 Passaic Valley Water Commission
051 New Jersey State Department of Environmental Protection
052 North Jersey District Water Supply Commission
054 Delaware River Joint Toll Bridge Commission

056 Unknown

NEW YORK
P50 New York State Department of Environmental Conservation
P51 Nassau County Department of Public Works

NORTH CAROLINA
Qoo North Carolina Cepartment of Human Resources
Qo1 North Carolina Department of Natural and Economic Resources

B-15



Q50
Q51
Q52
Q53
Q54
Q55

ROG
RO1
RO2
RO3

R50

S01
S03
S04
513

FO7
Fo8

S50

T01

750
751
52
T93

TABLE B.7 (continued)

NORTH DAKOTA

North Dakota Game and-Fish Department
North Dakota State Department of Health
Minot City Water Treatment Plant

City of Bismarck Water Department

City of Dickinson Water Treatment

Grand Forks Water Treatment Piant

OHIO

Ohio Department of Natural Resources

The Miami Conservancy District

Ohio River Valley Water Sanitation Commission
Ohio Environmental Protection Agency

OKLAHOMA
Oklahoma State Department of Health

OREGON

Oregon Wildlife Commission
Oregon State Engineer

Fish Commission of Oregon
Portiand General Electric

PACIFIC ISLANDS
Public Utitity Agency Water Division, Government of Guam
Ryukyu Industrial Research Institute, Government of Ryukyu Islands

PENNSYLVANIA
Pennsylvania Department of Environmental Resources

PUERTO RICO
Puerto Rico Water Resources Authority

SOUTH CAROLINA

Agricultural Engineering Department, Clemson University
Greenville Water Sys%em

Spartanburg Water Works

South Carolina Department of Health and Environmental Control
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TABLE B.7 {continued)

SOUTH DAKOTA
Uol East Dakota Conservancy Sub-District

TENNESSEE
usl Tennessee Department of Public Health
us2 Cleveland Water System
us4 Bristol Water Plant

Uush University of Tennessee Experiment Station
us6 Memphis Light, Gas and Water Division
TEXAS
Voo Texas Water Development Board
UTAH

V50 Utah State Health Department

V51 Metropolitan Water District of Salt Lake City
V53 Salt Lake County Water Conservancy Dsitrict
V54 Salt Lake City Water Supply and Waterworks

V56 Clear Lake Waterfowl Management Area
V57 Utah Department of Natural Resources
V58 Utah Geological and Mineralogical Survey

V59 Ogden River Water Users
V60 Weber Distribution System

VIRGINIA
W00 State Water Control Board

WASHINGTON
X00 State of Washington, Department of Ecology, Water Resources Division
X01 Pubtic Utility District No. 1, Skagit County
x02 Chelan County PUD No. 1
X03 College of Fisheries, University of Washington
X05 Department of Zoology, University of Washington
X06 City of Bremerton Water Department
Xo7 City of Everett Department of Water
08 Seattle Water Department
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TABLE B.7 (continued)

X09 City of Tacoma, Department of Public Utilities

X12 Municipality of Metropolitan Seattle

X16 King County, Washington, Department of Public Works
X19 The Washington Water Power Company

X20 Douglas County Public Utility District

X24 Puget Sound Power and Light Company

X25 City of Seattle

WEST VIRGINIA
x50 West Virginia Department of Natural Resources
X51 West Virginia Department of Health

Wisconsin
Y00 Wisconsin Department of Natural Resources
Y02 Dairyland Power Cooperative
Y04 Northern States Power Company
Y05 Wisconsin Michigan Power Company
WYOMING

Y50 - City of Casper Board of Public Utilities
Y51 Sheridan Water Department
Y52 Wyoming State Engineer
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AGR
AQu
CHMO
NOZ
PCO
502
TSP
ATC
ALB
AMS
TRB
A0S
AVA
BUO
€SS
CRP
DTB
EVA
EHS
EGS
EGH
FRW
GRD
GLS
a1
GW3
GN4
GW5
GW6
GW/
GW8
GWI

TABLE B.8
OBSERVATION CODES

Agricultural weather data

Air quality and meteoq?10g1ca1 data
Air quality, carbon monoxide

Air quality, nitrogen dioxide

Air quality, photochemical oxidants
Air quality, sulfur dioxide

Air quality, total suspended particulates
Air Traffic Control Radar

Arctic ice buoy

Arctic manned station

Atmospheric turbidity

Automatic observing station
Aviation weather observation

Buoy

Coastal ship

Creepmeter

Drifting tall buoy

Evaporation

Evaporation and snow depth
Evaporation and soil temperature
Evaporation, soil temperature, and snow depth
Fire-weather data

Gamma radiation

Great Lakes ship observations
Ground water level, continuous recorder
Ground water level, daily

Ground water level, weekly

Ground water level, monthly

Ground water level, quarterly
Ground water level, semi-annually
Ground water level, annually

Ground water level, other periocdic
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TABLE 8.8 (continued)

6Q1 Ground water quality*, continuous
GGQ2 Ground water -quality*, seasonal
GQ3 Ground water quality*, daily

GQ4 Ground water quality*, weekly

GQ5 Ground water quality*, monthly
GQo Ground water quality*, quarterly

GQ7 Ground water quality*, annually
GQ8 Ground water quality*, other periodic
GQ9 Ground water quality*, irregular
aqr Ground water quality*, telemetered
HSS High seas ship observation

LAR Limited aviation weather observations
LRD Local radar observations

LLS Low T1evel soundings

MAG Magnetic fieid

MOS Manned automatic observing station
MRS Marine reporting station

MRC Meteorological rocket soundings
MEN Moderate environment drifting buoy
OCHW Ocean weather observations

OMP 0zone monitoring program

PLF Peak stage and/or Tow flow

PiIB Pilot balloon observations

PRE Precipitation

RAD Radar observations

RDR Radar remoting

RRS Radiosonde/Rawinsonde observations
HPR Recording precipitation gage

SEC Seismic event counter

SMG  Seismograph

*Water quality observations consist of measurements of one or more of the
water quality parameters temperature, specific conductance, pH, turbidity,
dissolved oxygen, and chloride.
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SEN
SEX
HSN
SSV
SMS
GST
GHS
GAJ
SRD
SPR
SH1
SW2
SK3
SwWé
SW5
SWe
SW7
SW8
SWS
SWO
STI
ST2
ST3
STS
SMI
SAR
JdSh
WQl
WG2
WQ3

TABLE B.8 {continued)

Severe environment drifting buoy

Small expendable drifting buoy

Snow data

Snow survey

Soil moisture

Soil temperature

Soil temperature and snow data

Soil temperature and supplemental data
Solar radiation

Storage precipitation gage

Stream gage, continuous

Stream gage, seasonal

Stream gage, daily

Stream gage, weekly

Stream gage, monthly

Stream gage, quarterly

Siream gage, annual

Stream gage, other periodic

Stream gage, irregular

Stream gage, not indicated

Stream gage and tide information, continuous
Stream gage and tide information, seasconail
Stream gage and tide information, daily
Stream gage and tide information, irregular
Strong motion instrument

Suppiemental aviation weather data
Supplemental data

Surface water quality*, continuous

Surface water quality*, seasonal

Surface water quality*, daily

* Water quality observations consist of measurements of one or more of the
water quality parameters temperature, specific conductance, pH, turbidity,
dissolved oxygen, and chloride.
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TABLE B.8 {continued)

WQ4 Surface water quality*, weekly
WQ5. Surface water qualdity*, monthly
WQ6 Surface water quality*, quarteriy

WQ7 Surface water quality*, annually

WQ8 Surface water quality*, other periodic
WQ9 Surface water quality*, irregular

WaT Surface water quality*, telemetered
SYN Synoptic weather cobservation

TEM Temperature

TAE Temperature and evaporation

TAP Temperature and precipitation

TAH Temperature and snow data

TID Tide gage
TLT Tiltmeter

* Water quality observations consist of measurements of ocne or more of the
water quality parameters temperature specific conductance, pH, turbidity,
dissolved oxygen, and chloride.
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TABLE B.9
RECORD/TELEMETER CODES

Refers to observations which are neither auto-
matically recorded on-site nor automatically
telemetered to a distant site.

Refers to observations of several parameters,
some which are automatically recorded on-site,
and others which are not.

Refers to observations which are automatically
recorded on~site.

Refers to observations which are automatically
telemetered to a distant site.

Refers to observations which are both automati-
cally recorded on-site, and automatically tele-
metered to a distant site.
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CODING OF AMOUNT OF DATA PER MEASUREMENT, AND MEASUREMENT AND
COLLECTION INTERVALS

The amount of data per measurement for an observation may be the
amount of data produced by one measurement of a single parameter, or by one
~ measurement of a group of parameters. This amount of data may be either a
quantity of bits, as in the case of a punched paper tape from a stream gage,
or it may be a quantity of characters, as in the case of a weather message.
Four coiumns of the data card have been provided to indicate the amount of
data per measurement, and one column has been provided to indicate whether
the amount of data is a quantity of bits or characters. The bits/characters
codes are given in Table B.10.

Measurement intervals and the collection intervals are each encoded
in three coiumns on the data card. Typical intervals to be encoded are
2 hours, 3 months, and 1 day. Each of these consists of a number, 2, 3, or
1, and the units of the number, hours, months, or days. Measurement inter-
vals and coilection intervals are encoded in the data base in the same way.
Two columns are provided to indicate the number and one column is provided
to indicate the units of the interval. The units that are used in the data
base and their codes are shown in Tabie B.11.

The following example illustrates how the amount of data per measure-
ment, and the measurement and collection intervals of a sample observation are
encoded. The sample observation produces 16 bits of data per measurement,
makes measurement every 15 minutes, and collects the data every 2 weeks.

fei2lziBlz2l 1 1116[1]15]S] [2{HW]
VW

columns '11-25 for observation 1 information
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TABLE B.10
BITS/CHARACTERS CODE

B - Indicates that the amount of data resulting
from a single measurement is a number of bits.

C - Indicates that the amount of data resulting from
a single measurement is a number of characters,
and that the number of bits must be computed.

TABLE B.11
TIME CODES

- Continuous
~ Minutes

- Hours

Days

- Weeks

- Months

- Years

- =Z = O T u»n O
1
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