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Abstract
One of the goals of the Automation of Field Operations and Services
(AFOS) was to implement a computer program to automatically
monitor aviation terminal forecasts at National Weather Service
(NWS) forecast offices. Such a program has now been developed.
The program can be initiated either automatically at predefined
times or by the forecaster at any time. Once initiated, the program
compares the information in the latest terminal forecast and surface
airway observation at each designated terminal to a set of amendment and alert criteria. It then notifies the forecaster via an audio or
visual alarm if any terminal forecast needs amending, or may need
amending in the near future, due to changing weather conditions.
The program successfully underwent extensive operational field
tests at four National Weather Service forecast offices during 1983.
Analysis of the test results showed that, overall, the program performed very well and was found to be useful by the forecasters. In
early 1984, the program was issued to each of the National Weather
Service regional headquarters for use by the individual field offices.
In response to evaluations provided by the forecasters during the
field tests, an improved program was developed and is being tested at
several forecast offices.

1. Introduction
The National Weather Service's Automation of Field Operations and Services (AFOS) was envisioned as a system that
would greatly increase the forecaster's ability to assess, process, display, and disseminate meteorological information
(Klein, 1976). This was to be accomplished through the use of
the latest advances in data processing and communications
technology (Geil, 1974). The tremendous power and versatility that this computer system—and future generations of
computer systems—can provide to the National Weather
Service forecast offices and forecasters is being demonstrated
through the use of programs such as the one described here.
Many of the routine, repetitive, and frequently timeconsuming tasks currently performed by forecasters can be
better handled by computers. By allowing computers to perform these tasks, the forecasters will have more time to study
and analyze the weather situation and to prepare the forecasts. One specific area where the computer can provide such
assistance is the automatic monitoring of data and information in the AFOS database. The development of such a moni-
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toring system for one particular forecast product—the aviation terminal forecast (FT)—was one of the original goals of
the AFOS program (Klein, 1976) and is the topic of this
article.
Freeing the forecasters of the monitoring task is important
when one considers that, although there is an increasing need
for more and better forecast and warning services, there has
not been a corresponding increase in the number of meteorologists available to provide these services. Without an automated monitoring system, the forecasters must not only
prepare and disseminate the FTs but also maintain a constant weather-watch to ensure that the forecasts adequately
reflect the current weather situation.
According to NWS (1983), an FT contains specific information on cloud heights and amounts, visibility, weather,
obstructions to visibility, and wind for the 24-hour period
after issuance time. Each FT consists of one or more forecast
groups which, in turn, are composed of two segments: a body
(or prevailing conditions) segment, and a remarks segment,
where the remarks are used to amplify or describe conditions
differing from those in the body. The number of forecast
groups in any FT is dependent on expected significant
changes in one or more of the forecast elements during the
24-hour period.
Currently, FTs for over 400 airports in the conterminous
United States are prepared by Weather Service Forecast Offices (WSFOs). These FTs are issued on a regularly scheduled basis three times each day for the 24-hour valid periods
beginning at 1000, 1500, and 2200 GMT in the Eastern and
Central time zones, and 1000, 1600, and 2300 GMT in the
Mountain and Pacific time zones. FTs are amended whenever observed or expected weather conditions indicate a revision is necessary.
The FT monitoring program is designed to automatically
alert the aviation forecasters whenever it recognizes that a
specified difference exists between the forecast and observed
conditions. It does this by decoding and comparing the individual elements in the FTs and the corresponding elements in
the surface airway observations (SAOs) with a predefined set
of FT amendment and alert criteria, and then generating an
appropriate message to the forecaster.
This paper focuses on the development of the aviation
terminal forecast monitoring program. It covers the program
design, testing, current status, and future plans for the
program.
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TABLE 1.

F T amendment and alert criteria for forecast (fcst) and observed (obs) values of ceiling (cig), visibility (vis), wind speed (spd),
wind direction (dir), and weather (freezing rain-ZR, freezing drizzle-ZL, ice pellets-IP, and thunderstorm-TRW).

Element
Ceiling

(ft)

Category

Forecast

Amend

Alert

no cig,
cig > 8000

obs < 4000

4000 < obs < 6000

fcst
4000 < cig < 8000
1000 < cig < 4000

obs <
a) obs > fcst X 2
fcst
b) obs <

Visibility
(mi)

fcst
obs < fcst

2

2

a) not applicable
fcst
b) obs < fcst —
4

cig < 1000

| fcst-obs | > 300

fcst-obs > 200

vis > 6

obs < 3

3 < obs < 4

fcst
a) obs <

1 < vis < 6

a) obs < fcst

fcst

2
b) not applicable
b) obs > fcst X 2
fcst-obs > 1/4

vis < 1
Wind Speed
(kt)

Wind Direction
(deg)

Weather

| fcst-obs | > 1/2
obs > 12

spd < 10

obs > 15

10 < spd < 20

| fcst-obs | > 10

obs-fcst > 8

spd > 20

| fcst-obs | > 15

obs-fcst > 13

dir = fcst

obs > fcst ± 50
and spd > 20

obs > fcst ±30
and spd > 20

dir = fcst
and spd > 20

obs > fcst ± 50
and spd < 20

obs > fcst ± 30
and spd < 20

TRW (ZR, ZL, IP)

not applicable

No TRW (ZR, ZL
IP) in past
2 hours

No TRW (ZR, ZL,
IP)

TRW (ZR, ZL, IP)

not applicable

2. Program design
The AFOS FT monitoring program, called MONITR, was
written in FORTRAN IV for use on the Data General
Eclipse S230 minicomputers located in forecast offices having FT responsibilities. The program runs in the background
partition designated for use by applications programs such
as this one. It is noted, however, that since the operating system being used by AFOS does not allow for a multi-tasking
environment, only one applications program can have access
to the central processing unit from the background partition
at a time. This means that MONITR cannot be run on a continuous basis, since it must share access time with all other
applications programs normally run at a WSFO.
The program is initiated either by the forecaster entering
the command directly or by having the program queued for
running regularly by using the AFOS procedure function. A
procedure is a collection of frequently used commands that
can be initiated at specified time intervals, such as hourly.

Following computer downtime or system crashes, however,
the procedure must be manually restarted.
The MONITR program can be divided into four primary
segments: 1) decoding the SAOs; 2) decoding the FTs;
3) comparing the FT and SAO values with the official FT
amendment criteria (NWS, 1983) and a set of alert criteria;
and 4) alerting the forecaster that the output product is ready
for display. Once the SAOs and FTs have been decoded,
MONITR then uses the two sets of criteria to decide on the
severity of a problem with a particular forecast. The first set,
shown in Table 1 in the column labeled "Amend," are those
defined by the National Weather Service as the official FT
amendment criteria. The second set, labeled "Alert," were
developed for the MONITR program to provide advance
warning to the forecaster that, although an amendment is not
required at the present time, observed conditions are close to
one or more of the amendment criteria. Note that the ceiling
and visibility alert criteria will be activated only when the observed values are lower than the forecast values (as defined in
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the table) but greater than the corresponding amendment
criteria. The opposite is true for the wind speed.
If one were to examine the amendment criteria in NWS
(1983), one would see that certain of the official criteria are
not included in the list used by MONITR. For example, according to NWS (1983), a forecaster would need to amend an
FT if a low-level wind shear developed, or was expected to
develop, in the immediate vicinity of the terminal but had not
been forecast to occur. Since MONITR uses information
only in the body of the SAO and does not use upper air information, it cannot check for low-level wind shear. This is
mentioned to point out that MONITR has not been designed
to monitor all aspects of the FTs. The meteorologist is still an
integral part of the system and has the ultimate responsibility
for amending the FTs when, in his/her best judgment, the
conditions warrant it. MONITR is an additional tool designed to assist forecasters in efficiently carrying out their
duties.
Each time MONITR is initiated, it determines which terminals will be monitored based on whether or not new SAO
data (regularly scheduled hourly or special observations)
have been received since the program was last run. If new
SAOs are found, they are decoded along with the corresponding FTs.
Once decoded, each element in the FT is examined to see if
any changes might be required in view of the criteria shown
in Table 1. For example, with a forecasted ceiling of 4000 ft 1
(category 3), an amendment message would be issued by
MONITR to the forecaster if the observed ceiling were
greater than or equal to 8000 ft or less than or equal to 2000
ft. On the other hand, if the observed ceiling were less than or
equal to 3000 ft but greater than the amendment value of
2000 ft, MONITR would issue an alert message indicating
that the ceiling is near an amendment value.
Generally, the MONITR program would be run at a
WSFO several times each hour. This is to enable the program
to pick up late weather information contained in any special
observations that might have an impact on the FT. Examples
of when a special SAO must be taken are the onset of a thunderstorm at an observation site and when there is a wind
shift, as might be experienced with a frontal passage. In both
examples, the change can be sudden and can have a significant impact on aviation.
It should be noted at this point that the current version of
MONITR does not use the remarks portion of the FT in the
comparison process—the amendment and alert messages are
based on the prevailing conditions only. The forecaster, on
the other hand, must use the information in both the FT's
prevailing conditions and the remarks when deciding on
whether or not an amendment is needed. In Section 4, development efforts aimed at incorporating the remarks into the
monitoring process are discussed.
Once all comparisons have been made for all the terminals,
an AFOS product is generated and stored in the database detailing the results of the monitoring. Specific information on

1

Since standard meteorological units are not used in the preparation of FTs, they will not be used in this article. For those readers
who are more familiar with the standard units, the conversions for
Table 1 are 1ft = 0.305 m, 1 mi = 1.609 km, and 1 kt = 0.514m-s _1 .
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the problem terminals is contained in this product. This information includes the terminars identification, the specific
elements requiring attention, and the complete SAO and corresponding FT group. In addition, MONITR will provide
the forecaster with information on any errors encountered by
the program during reading or writing of the data, or during
the decoding process.
Once the product is prepared, the program will take one of
three final steps. First, if one or more of the FTs are found to
require an amendment, the program will activate the audio
and visual alarms to bring this immediate problem to the
forecaster's attention. Second, if none of the FTs is found to
require an amendment, but one or more have conditions approaching one of the amendment criteria (i.e., an alert message), or if decoding errors prevented monitoring of one or
more terminals, the visual alarm alone will be activated. This
will indicate to the forecaster that action is probably not required immediately but may need to be taken in the near future. The forecasters are, however, encouraged to respond to
the visual alarm as they would to the audio alarm, since a
terminal not monitored because of a decoding error may actually need amendment. Finally, if no FTs are found to exceed any of the amendment or alert criteria, and no decoding
errors were encountered, the program will simply stop with
no alarms being activated.

3. Testing
The MONITR program underwent real-time operational
field testing during 1983. Four WSFOs used the program to
monitor the FTs within their areas of responsibility for a onemonth period with the option to continue using the program
at the end of the test. The WSFOs participating in these tests
and the test periods were Cleveland, Ohio (26 April-31 May),
Des Moines, Iowa (14 June-13 July), Birmingham, Alabama
(14 June-14 July), and Portland, Oregon (10 October-lO
November).
The test procedures called for each WSFO to run the
MONITR program a minimum of three times each hour
through the use of an automatic triggering procedure. Once
each hour, the aviation forecaster was asked to respond to a
short questionnaire that was focused on the value of the information provided by MONITR to the forecaster.2 A second questionnaire was answered by each forecaster a minimum of two times during the month-long test period. This
questionnaire was designed to allow the forecasters the opportunity to provide more general information on the usefulness of MONITR.
The results of the testing showed that the program was
running a high percentage of the time with minimal impact
on the AFOS system. Computer downtime, inadvertently
forgetting to restart the procedure after downtime, and severe weather outbreaks where the forecaster was unusually

2
Although the questionnaires were similar for each test site, refinements were made to individual questions between tests. Therefore, only an overall summary of the results is given here rather than
specific numbers.
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busy were the most frequent reasons given for not running
the program.
The information provided to the forecaster by MONITR
was not found to be sufficient by itself to allow the forecaster
to make a final amend or no amend decision. This was expected, since forecaster judgment should play a significant
role in the decision-making process. The important aspect of
MONITR is that it successfully brought problem areas to the
forecaster's attention in a timely manner. The ability of the
program to "catch" special observations and bring their information to the attention of the forecasters was considered
to be a valuable "plus" for MONITR. This was evidenced in
several cases by forecaster comments that MONITR warnings enabled them to issue amendments 20 to 30 minutes
earlier than they would have without MONITR.
As was previously mentioned, MONITR does not use the
remarks portion of the FT. This was found to be the program's major shortcoming. The reason this proved to be a
problem was that the remarks serve the very important purpose of amplifying the expected conditions described in the
body of the FT. For example, assume that a single scattered
cloud deck at 3000 ft was expected for more than 50% of the
time in a particular forecast group. It would then be specified
in the prevailing conditions portion of that group. However,
if the forecaster also believed that for 50% or less of that time
the cloud deck amount would be broken (which constitutes a
ceiling), then this would be specified in the remark. Now, let's
assume that the SAO contained a cloud height of 3000 ft and
an amount of broken cloud deck. Without making use of the
remarks information, MONITR would issue an amendment
message to the forecaster to the effect that the forecast does
not reflect the current conditions. But since the condition
was specified in the remark, the FT does adequately represent the current conditions. As a result, MONITR operated
on the conservative side by activating the alarms much more
frequently than was necessary. Note, however, that despite
this limitation, all of the test sites continued using the program following completion of the tests.

4. Current status and future plans
The responses received from the field test sites were, for the
most part, positive. Given the limitations on the decoding
(i.e., the FT remarks), the consensus was that the program
was useful to the forecaster. As a result, the program was distributed to each of the NWS regional representatives in
March 1984 and then made available to each of their respective WSFOs.
The comments and suggestions provided by the field test
sites are being used as the framework for a new and enhanced
version of MONITR. The most significant improvement is
that an FT remarks decoder has been written and incorporated into the new MONITR. In addition, the output product
was substantially revised to provide more information than
was provided in the original MONITR in a format that corresponds to the FT. This format change was made to both the
current operational version and to the new, enhanced version. The new MONITR program is, as of this writing, undergoing operational field tests at five WSFOs.

The monitoring program is one part of a monitoring and
updating system. In addition to providing immediate feedback to the forecasters on the status of the FTs, the full system can also provide updated guidance forecasts for each
terminal as an aid to the forecasters in preparing the
amended forecasts (Lowry et al., 1974). These objective guidance forecasts can be automatically produced for each of the
terminals identified by MONITR. For more information on
the updating forecast technique, the reader is referred to
Miller (1981).
5. Concluding remarks
With the increasing need for more and better forecast and
warning services, the NWS must make optimum use of the
computer capability it now has at most of its field offices. An
important function that the computer can accomplish for the
forecaster is the automatic monitoring of the AFOS database. This task has been accomplished for the aviation terminal forecasts.
Operational field testing of the MONITR program showed
that, overall, it was beneficial to the forecasters. One of the
main benefits of the program was its ability to bring late, incoming information (i.e., special SAOs) to the attention of
the forecasters in a timely manner. In several cases, forecasters commented that they were able to act upon this information and amend FTs up to 20 to 30 minutes earlier than if they
had been monitoring the data themselves in addition to their
other duties.
Based on analysis of the operational field test results, the
major conclusion was that MONITR needed to take the information contained in the FT remarks into account. This
modification has been made, and the revised program is currently undergoing field testing.
In addition to the monitoring function, MONITR provided two spin-off benefits. First, since the program identifies SAOs and FTs that have been incorrectly entered into the
computer, it serves as a quality control on those products.
Second, as the forecasters become more familiar with the
program's capabilities, they should tend to standardize their
style of FT preparation to minimize decoding errors. This is
especially true for the FT remarks since, within specified limits, the remarks are almost a free-text format.
Finally, the main advantage of automated monitoring is
that it provides more time for the forecaster to concentrate
on solutions to forecast problems identified by the computer.
In addition to the terminal forecasts, it is anticipated that
such monitoring programs will be used for public, marine,
and agricultural forecasts, as well as for specific weather
events such as severe weather.
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25 years a g o . . .

50 years a g o . . .

WMO Panel on Artificial Satellites*

WEATHER AND HUMAN AFFAIRS*

A panel of experts was established by the Executive Committee of
the World Meteorological Organization in 1959 to advise on how the
WMO may encourage the development and use of artificial satellites
as a means of providing valuable meteorological data. This panel
met in the WMO Secretariat in Geneva on 12-13 November. The
chair was taken by Dr. G. D. Robinson, deputy director (Physical
Research), British Meteorological Office. The other members in attendance were Dr. H. Wexler, director of Research, U. S. Weather
Bureau, and W. J. Gibbs, assistant director (Research and Development) of the Australian Bureau of Meteorology. Professor V. A. Bugaev, USSR, fourth panel member was prevented by illness from attending the first session.

Weather Records Used in Bandit Roundup.—The Detroit Free Press
of Dec. 10, 1933, contains a special article concerning the apprehension and capture of the gangsters who kidnapped Charles Urschel
July 22, 1933, that shows a unique use of Weather Bureau records.
Urschel was blindfolded at a home in Oklahoma City and taken for
a ride of about 12 hours in an automobile to a house entirely unfamiliar to him, where he was held until the ransom was paid. Agents of the
U. S. Bureau of investigation interviewed him carefully upon his release in order to obtain, if possible, a clue to the place where he was
held. The fact that the ride was about 12 hours and made rather slowly
on off roads indicated the place was within a radius of 300 miles of
Oklahoma City. The fact that the days and nights were uncomfortably
warm indicated it was not among mountains or hills and the passage
of a plane over the place at 10:30 a.m. gave an important clue.
Urschel was able to recall one heavy rain on a certain day. The
Weather Bureau checked up the records for the nine days of Urschel's
detention, which helped eliminate place after place. Finally, there was
only one place that fitted every condition and that was Paradise,
Texas. Following an investigation of suspicious places near this locality the bandits, including Harvey Bailey, Machine Gun Kelly and
his wife, and the Shannons were rounded up and given life sentences
early in October.—C. J. Root.
•

The panel reviewed the present plans and future possibilities for
obtaining meteorological observations by means of artificial satellites. It was concluded that the most immediate results would probably be measurements of cloud cover and of solar and terrestrial radiation components. In the more distant future it is conceivable that
observations may be obtained of global precipitation patterns, thunderstorm distribution, and vertical distribution of water vapor,
ozone, and carbon dioxide.
Dr. Wexler presented a preliminary report of the apparently successful functioning of Explorer VII, from which it is hoped to obtain
valuable radiation measurements. Future American plans include
the launching of TIROS satellites to observe cloud cover and to obtain more detailed measurements of radiation.
The first results will be mainly of use for research purposes, but
operational applications may not be far behind. In particular, it may
be possible to detect the development of severe storms at an early
stage in areas where this is at present difficult owing to the sparsity of
regular weather reporting stations over the oceans and in areas
where there are few inhibitants.
The panel recommended that the WMO should encourage the international exchange of meteorological information obtained from
satellites and in particular give urgent consideration to the most effective way of disseminating storm warnings based on this information.
The report and recommendations were to be sent to Professor Bugaev for comments and approval.
•

*Bull. Amer. Meteor. Soc., 41, 153.

*Bull. Amer. Meteor. Soc., 16, 76-77.

announcements (continued from page 281)
Deadlines Calendar
Fellowships, grants, etc.
15 June 1985

Macelwane Annual Award
(this issue, p. 319)

15 June 1985

Hanks and Orville Scholarships
(this issue, p. 319)

other
1 March 1985

Requests for field observing support from
F O F Advisory Panel

15 March 1985

Small Business Innovation Research (SBIR)
Program Solicitation

15 March 1985

NASA Scatterometer Research
letters of intent

15 May

NASA Scatterometer Research
proposals
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