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ABSTRACT

A set of experimental computer programs designed to process high-frequency
observations from the Federal Aviation Agency mesometeorological network at
Atlantic City, N. J., is described in general terms for users who may require a reference
to the scope, options, and limitations of the programs without complete detail. The -
description supplements but does not replace the program specifications and operating
instructions: Three principal phases of the input-data-processing procedures are
described in sequence. Phase 1 deals with conversion, unpacking, error-checking, and
decoding methods and is outlined in the first sections. Phase 2 deals with the methods
of ordering and summarizing the data. Phase 3 briefly discusses the data-merge routine
and output formats. An example of unprocessed observations from the mesonetwork,
together with the outputs of phases 1 and 2, is presented and discussed at the end of the
report.
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1.0 INTRODUCTION

An automatic mesoscale meteorological data-observation and ~communication
system has been designed by the Federal Aviation Agency and installed at the National
Aviation Facilities Experimental Center, Atlantic City, N.J. {1, 2, 3], primarily to sup-
port the Agency's air-traffic-control projecte.. This network can also provide data for
the development of 1- to 2-hr terminal~forecast techniques. Certain important tasks,
like error checking, decoding, arranging, and averaging, must be carried out before
analysis and prediction techniques can be tested on the data. These tasks are commonly
grouped under the label IDH or input-data handling. The initial family of computer pro-
grams prepared for the application of IDH functions to mesonetwork data is described
in this report. Detailed specifications, tape descriptions, a.nd operating instructions are
contained in geparate unpublished documents.




2.0 SCOPE AND OBJECTIVES

The development of IDH procedures was initiated before data were received from
the mesonetwork. Although limited information was available on the properties and
behavior of high-frequency observations of some of the variables, such information was
inadequate for the final design of error-checking and averaging techniques. The initial
set of computer programs is neither wholly automatic nor particularly efficient since a
large measure of flexibility was desired. Therefore, experience with the output of the
mesonetwork and with analyses of time and space variability of the parameters measured
will provide the necessary background for substantial improvement in data-handling
methods in the near future.

Since continuous visual monitoring of the raw data is not practical, it is necessary
to check the readings for occurrence of instrument failure or malfunction, communica-
tion failure from individual transducers, punch stoppage, or garbled data. In the mltlal
programs, subtle errors caused by instrumental drift, inadequate response, minor
electrical noise, improper calibration, etc., are not considered. Three types of checks
are included: minimum variation, maximum variation, and cross variation. The first of
these identifies occurrences of unchanged readings over specified time intervals and is
useful for isolating instrument or communication failure and for instrument malfunctions
" that result in constant values within a valid scale range. The second type identifies
isolated large changes that occur between consecutive readings as a result of system
noise, ceilometer-lamp failure, garbled data, etc. The third and final type of check
involves cross checks between different variables at the same station or between one
variable and specified input values that are supplied to the program. No cross checks
between stations are included in the initial programs, although such checks may be neces-
sary in the future as a partial solution to calibration-error problems.

Occurrences identifiable by means of one or more of the three types of error
checks can be displayed as suspicious occurrences, without modification to the actual
observations. Indeed, manual inspection or analysis of suspicious occurrences is
necessary ‘initially for the isolation of true errors. True errors can be modified or
removed by punched-card entries to the data tape or by automatic identification and
replacement in the computer. EXperience with actual data shows that the manual phase
can be eliminated gradually without significant program modification.

Individual readings are automatically converted to forms suitable for analysis, as

: requlred and arranged as words in a message format. Complete sequences of messages
are provided through the use of error or missing-message codes, which permit final out-
put in either complete time-series or synoptic form.

The second phase of the IDH programs was designed to achieve maximum reduction
in the volume of data with minimum loss of information that may be of importance in
later analysis and prediction studies. For most variables, two consecutive data samples
of equal but flexible length are used to provide both average (reference) values and a
statistical measure of variations that occur during the sampling interval. If the reference
values do not differ appreciably from the first subsample to the second, the whole sample
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is used for computations; if, however, they do differ appreciably, the magnitude of the
difference is used as a measure of variability. Prefix numbers are used to describe
the nature of the time variations and the quality of the data in the subsample.

The third and final phase of the IDH system was designed to provide output formats
suitable for meteorological and statistical analyses of the data. All reports can be
extracted as a time series in the form: one station, all variables, sequential times, or
as merged reports in the form: one variable, all stations, sequential times.



3.0 INPUT DATA

3.1 Input-data Format

At the data central, weather messages are received from each mesonetwork sta-
tion and punched sequentially on 5-channel paper tape by individual BRPE punch machines.

A spare punch is available to receive messages while any of the other punches is being
reloaded.

TABLE 3-1
LONG-MESSAGE FORMAT

1tem No.* of Possible range Besic
characters ) .decimal unit

Figures code . A 1 Nil .
Station identifier 2 0to99 -
Dey - . 3 000 to 999 1.0 day
Hour 2 00 to 99 1.0 hr
Minute 2 00 to 99 1.0 min
Format identifier 1 0Ot 9 : -

' Temperature ' Y -999 to +999 0.1°C
Dew-point tempersture L -999 to +999 0.1°C
East-west wind component ¢ 3 -99 to +99 1.0 knot
North-south wind component § 3 =99 to +99 1.0 knot
Transmission ' 2 00 to 99 1.0%
Pressure 3 000 to 999 Ol mb
Option 1 ‘ 12 Optionel .-

Rain count CoL 1 0tc9 0.01 in./12 sec
Rain-no rain indicator | +or - . -

Option 2 5 Optional -

Tangent of elevation angle 1 3 000 to 999 0.1

Tangent of olwafjon angle 2 3 000 to 999 0.1

Tangent of elevation angle 1 3 000 to 999 0.1

Tangent of elevation -angle 2 3 000 to 999 0.1

Carriage return 1 Ni{ -

Line feed . 1 NI -

#Total number’ of characters, without options, Is U6,
tEast winds are positive.
INorth winds are positive.
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TABLE 3-2

MESONETWORK PAPER-TAPE CODE

Channel
. X
. X
. X
. X
. X
. X
. X

Character

Carriage return
Line feed
Missing parity
Power failure

Figures code
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The time between observations is 6 sec for cloud height 'and 12 sec for all other
parameters. All observations taken within a 12-sec period are summarized in a single
message every 12 sec. This is the long-message format, shown in Table 3-1. Alterna-
tives to the long message are the abbreviated message and various combinations of long
and abbreviated messages. Further observations or other types of information can be
included under options 1 or 2 (Table 3-1). The remainder of this report is limited to a.
description of the processing of the basic long-message format without options.

This format requires no alphabetic characters. Two more special characters,
for missing parity and power failure, are not shown in the table. Table 3-2 is a coding
chart. ’

3.2 Conversion from Paper Tape to Magnetic Tape

In the initial configuration, conversion from paper tape to magnetic tape is. accom-
plished on the IBM 7765. The data are written in binary mode on 7-track 200-bit/in.
magnetic tape. Horizontal and vertical parity checks are carried out automatically. The
data are packed and written in the form of one record per message with one or more end-
of-file marks at the end of each station. The two characters “missing parity” and “power

_ failure,” shown in Table 3-2, and all possible 5-chamnel punch combinations not shown in

Table 3-2 are converted to an error code.
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4.0 UNPACKING, DECODING, AND ERROR-CHECK ROUTINES (PHASE 1)

Following entry into the computer, the data are unpacked in core, and error checks
are performed on message Iengths and format codes. At this point, appropriate parts of
the mesonetwork-message numeric code are converted to a numeric code that will be
more useful in subsequent analysis. Error checks are performed on each item of each
message, and an output tape is written in binary mode with 556-bit/in. density. The out-
put tape contains 50 messages (10 min of data) per record, and has one end-of-file mark
at the end of each hour and two end-of-file marks at the end of data from each station.
Each message consists of 18 words. The first word contains information on errors in the
message. The remaining 17 words contain the data in the order shown in Table 3-1. The
optional and functional items in Table 3-1 are not included.

4.1 Message-format Error Check

During the unpacking routine, message items are separated into words in sequence,
starting with the station number. If the format identifier (word 5) is verified as unity,
unpacking proceeds through all meteorological variables. The sign character of signed
items (Table 3-1) is checked, and the appropriate number of characters is assigned to
the word. Three characters, preceding the carriage return indicator, are required for

" the last word of each message. If either the format identifier is incorrect or the number

of characters in the last word is not three, the entire message is regarded as erroneous
and is replaced with an error code. The error code appears as asterisks in the printout.

4.2 Station and Time Error Checks

Punched cards are used to specify station numbers, station sequence, initial mes-
sage time, and all input parameters required for checking meteorological variables. A
maximum of four consecutive erroneous station numbers preceding the end-of-file marks
is permitted before the computations are halted. If the indicated time (day, hr, min) of
the message that is being checked is more than 1 min later than the indicated time of the
preceding message, it is assumed that from one to five messages are missing. Error
codes are used to replace the missing message(s) until the requirement for 5 messages/
min is satisfied. This procedure is continued until five consecutive messages with the
same time indicator (day, hr, min) are received. A similar procedure is followed if the

" indicated time of the message is at least 1 min earlier than the time of the preceding mes-

sage. However, if more than four consecutive messages have times that are earlier than -
those of the preceding messages, all computations are halted.

4.3 Cross-variation Error Checks

Six criteria involving two variables in the same message or involving input limits
are included in the program. For each of these except the last, the time and a coded
representation of the error word are printed. Violations of the first and second criteria
result in automatic replacement of the variable by an error code. The specific criteria
are described below in the notation of Table 4-1. Coded representations of the error words
are given in Table 4-2 (at the end of Section 4.7).



TABLE 4-1
SYMBOLS USED IN DESCRIBING ERROR CHECKS

| Symbo I Definition I

IP=-n input punch card number 'n used to specify
limits or averaging intervals

i Subscript denoting sample time

xJ Average value of the parameter X over time
interva! j

T Temperature, °C

Tq Dew-point temperature, °C

P Pressure, mb

TR Transmission, %

TN . Tangent of the elevation angle of the ceil-

. ometer beam

CH Cloud height, 10 f+

u East-west component of wind speed, knots

v Norfh-soufh component of wind speed, knots
v : Resultant wind speed, knots

DD - Resultant wind direction, deg.

RC ~ | Rain count or amount of rain, 0.01 in.

RNR Occurrence or nonoccurrence of rain

Forbidden values of rain count.
Criterion: RC # 0, 1, 2, 3, 4, 5.
Error word: NA FIG RC.

Forbidden values of the rain-no rain indicator.

Criterion: RNR # +, -.
Error word: NA FIG RNR.
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Low transmission in dry air.
Criterion: TR < IP-2withT - T d = IP-3.
Error word: TRANS LOW.

High transmission in precipitation.
Criterion: TR > IP-5 with RC > IP-4.
Error word: TRANS HIGH.

Inconsistent rain count and rain-no rain indicator.

Criterion: RNR # + with RC > 0.
Error word: NAG RNR RC.
Negative mean dew-point depression.
Criterion: T’;, >T  § = 1P-12).
E.rror word: T-T(D) MEAN SP.

Experience with the actual network observations will be required before useful
numerical values can be specified for IP-2 and IP-5.

4.4 Maximum-variation Error Check

Five variables are checked for occurrences of large changes between consecutive
readings. The first four of these automatically result in replacement of the observation
by an error code when the observation is apparently wrong, but the fifth results only in an
identification of occurrence because the tolerance has not yet been adequately defined.

Excessive temperature change.

Criterion: lTi - Ti—l‘ > IP-9.

Error word: TEMP VAR.
Excessive dew-point temperature change.
| > IP-11.

Criterion: [T di - T di-1

Error word: ST T(D) VAR.

Excessive pressure change.

-Criterion: |[p - P, 1I > IP-13.
1 -
Error word: ST PRESS VAR.



Excessive transmission change.

Criterion: ITRi - TRi_ll > IP-8.
Error word: TRANS VAR.
Excessive cloud-height change.

Criterion: |3 CH, - ) CH,_,| > IP-6  (j = 10 min).
j j
Error word: CH TOTALS NOT WITHIN TOLERANCE.
Failure of a single lamp in the rotating-beam ceilometer will result in alternate
true cloud-height readings and no cloud readings (coded as 999). The last item provides

a method for the detection of such occurrences.

4.5 Minimum-variation Error Check

Two procedures are used for the detection of lengthy periods of unchanged readings.
In one method, differences between consecutive mean values of the variable are computed
and counted: in the other, consecutive occurrences of unchanged readings are counted and
compared with specified tolerances.

No change in transmission.

Criterion: ITRi - TRi_ll = 0 for IP-10A occurrences.
Error word: NO TRANS VAR.
Wind speed doubtful.

Criterion: V < 3for IP-10B occurrences.
Error word: CALM WIND.

No change in wind-speed components.

Criterion: iui - ui—li = 0 or Ivi - vi-ll = 0 for IP-10C occurrences with

Error word: WIND U OR V VAR.

No cloud, ceilometer malfunction, or forbidden digits.

Criterion: CH1 > 600 and CH2 > 600 for IP-10D occurrences.
Error word: NO CLD HT.

10
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No change in cloud height. A )
Criterion: ITNi - TNi—ll = 0 for IP-10E occurrences with TNi =< 600 and

TNi—l = 600. All possible differences between consecutive groups of two tangent values

are computed.
Error word: NO CLD HT VAR.
No change in resultant wind direction.
Criterion: lDDi - DDi- | = 0 for IP-10F occurrences with V = 1.

1
Error word: WIND DIR VAR.

No change in mean temperature.
Criterion: ﬁ; - i"i_ll >0 (j =IP-12).
Error word: T MEAN VAR.

No chmge in mean dew-point temperature.
j N
di-ll >0 G = 1P-12).
Error word: T(D) MEAN VAR.

Criterion: |T0. - T
.di

No change in mean pressure.

Criterion: lE’i - 5;_11 >0 (j = 10 min).
Error word: P MEAN VAR.

The first six items involve-consecutive occurrences in excess of the number
specified on input cards.- The message time of the first occurrence, the error word
prefaced by the phrase ERROR EXCEEDING TIME TOLERANCE, and the total number
of occurrences are printed for each violation.

4.6 Decoding Procedures

The following conversions, scale factor multiplications, and tables are used to

translate message numbers to forms that are suitable for analysis.

Temperature. The constant +250 is added to the appropriate message number to
yield temperature in degrees centigrade.

Dew-point temperature. A table [5] is stored in the computer for direct conversion
of the appropriate message number to dew-point temperature in degrees centigrade. The
table is based on standard Foxboro dewcell conversion procedures. The conversion table
provides resolution to within +0.1°C.

11



Transmission. The appropriate message number is multiplied by 2 to yield trans-
mission in percent.

Pressure. A table [5] is stored in the computer for direct conversion of the appro-
priate message number to sea-level pressure in millibars. Values in the table were
derived from station elevations and assumed isothermal temperature profiles at the
reported station temperature. The conversion table provides resolution to within £0.2 mb.

Cloud-base height. Tangent values in each message are multiplied by 40 for conver-
sion to cloud-base height in tens of feet. Resolution is a function of the angle of the ceil-
ometer beam [2].

4.7 ut

The format of the output magnetic tapes from phase 1 was described at the beginning
of SecFion 4.0. These tapes serve as input to the data-summary program (phase 2).

Printed indicators of errors or other occurrences detected by the criteria in
Sections 4.1 through 4.6 can be obtained from the output tape. The indicators normally
include the time of occurrence, the error identifier in abbreviated words or numeric
form, and, in some instances, the entire message. At the end of the record of errors for
each station, a summary of input parameters and the total number of occurrences of each
error is provided. The coded representations of error words are given in Table 4-2.
Combinations of errors in the same message are represented by addition of the appropriate
numbers in Table 4-2. .

TABLE §-2
CODED REPRESENTATION
OF ERROR WORDS

Error word Numeric code

ST PRESS VR 000000000017

TRANS LOW 00000000002
TRANS HIGH 0000000000
TEMP VAR 00000000200
NO FIG RC | 00000010000

NO FIG RMR | 00000020000
NA GR MR RC | 00000040000
ST T(D) VAR | 00002000000

TRANS VAR 00000000010

12
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5.0 DATA-SUMMARY RQUTINES 1PHASE' 2)

The rapid cycling time used in the mesonetwork at Atlantic City was chosen partly
for practical reasons, such as the rotation rate of the ceilometer beam, and partly
because of the lack of adequate knowledge regarding the high-frequency time changes of
some of the variables. The present configuration will permit experimentation with
various sample sizes and with various techniques for representing the observations.
Information on the operational requirements, on the characteristics of prediction tech-
niques, and on the capabilities and limitations of the instruments should provide the neces-
sary guidance for experimentation.

Against this background, an attempt has been made to provide a suitable set of com-
puter programs for summarizing the meteorological data. For a prescribed sample size,
a reference value and a measure of the magnitude of the time changes of each variable
within the sample are computed on magnetic tape in both synoptic-map format and time-
series format. Prefix notations are used to describe the quality of the data and the nature
of the time variations.

5.1 Input-data Format

-

The time-series format consisting of all messages from a single station is retained
in the data-summary program until the final output stage. All possible message times
are occupied either by observations that have been passed by the error-check routine or
by error codes. Because of time limitations, a procedure for the replacement of observa-
tions that are not automatically removed by the error checks has been temporarily elim-
inated in the initial programs. Replacements can be made, however, in the output tapes or
in subsequent processing.

5.2 Data-summary Computations

A data sample comprising two equal nonoverlapping subsamples is used as the basis
for computations of average (reference) values of cloud-base height, transmission, wind,
pressure, temperature, and dew-point temperature. A total sample size of 2, 4, 10, or 20
min (no others) can be specified for each variable.

The quality of the data is examined by comparing the number of valid reports in each

" subsample with the total possible number. If more than half of the possible reports in each

subsample are valid, the quality is considered acceptable and the reports are used for proc-
essing. Arithmetic means of valid reports are computed for each subsample of each variable
except cloud height and precipitation. If the time change between mean values from con-
secutive subsamples exceeds specified tolerances, the change in mean value is used as a
measure of variability. If the change is smaller than the tolerances, the standard deviation
of the reports within the total sample is used as a measure of variability for temperature,
transmission, and wind speed and direction. Numerical prefixes [5] are used to indicate
both the quality of the data in each subsample and the nature of the time variations within
the total sample. With appropriate specification of tolerances, the calculations of the sign
and magnitude of the change in mean values within a data sample can be used for the

13



" TABLE 5-1
INPUT PARAMETERS FOR PHASE 2

Input-
parameter Description

number

IP=-1 Number of observations in each subsample of cloud-base
height

1P=2 Maximum median cloud height for computation of modal cloud
height

1P=3 Minimum group size for computation of modal cloud height

P-4 Number of observations in each subsample of transmission

IP=-5 Minimum change between consecutive mean values required for
a significant feature in transmission

IP-6 Number of observaticns in each subsample of wind velocity

1P=7 Minimum change between consecutive mean values required for
a significant feature in wind speed

1P=-8 Minimum change between consecutive mean values required for
a significant feature in wind direction

1P=9 Number of observations in each subsample of temperature

IP-10 Minimum change between consecutive mean values required for
a significant feature in temperature

1P-11 Number of observations in each subsample of dew-point tem-
perature

IP-12 Minimum change between consecutive mean values required for
a significant feature in dew-point temperature

1P=13 Number of observations in each subsample of pressure

IP-14 Minimum change between consecutive mean values required for
a significant feature in pressure

1P=15 Number of observations in each subsampie of rain-no rain
indications
Number of observations in each total sampie of rain counts;

IP-16

IP=16 = 2(IP-15)

14
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automatic identification of discontinuities or other significant features in the local time
variations of each variable. '

Similar procedures are used for the reduction of cloud-base height data except
that median or modal values are used in place of arithmetic means, and the 10-percentile
limits are used in place of standard deviations. Previous studies of high-frequency cloud-
base height observations [4] provide some evidence that the frequency distributions of
low cloud heights are systematically skewed in the sense that modal values are lower
than either the mean or median values. For this reason, modal values are computed as
references for cloud bases below 1000 ft (optional) in the data-summary program. Con-
siderable experience with data from the twin-peak signal-detector circuits used on the
mesonetwork rotating-beam ceilometers will be required before satisfactory automatic
procedures for the definition of multiple cloud layers can be programmed.

Identical sample sizes are used for rain-no rain indications and for rain counts
from the tipping-bucket instrument. For these parameters, the quality of reports with"
each sample is indicated by prefix notation together with the rain count and a crude
measure of the continuity of precipitation.

Limits and other criteria that must be specified by punched-card entries into the

. data-summary tapes are listed in Table 5-1.

5.3 . Output

The time-series output of phase 2 is written on magnetic tape in the form of nine
records per file with a file content of 50 messages. Each record contains the centered
time followed by prefixes, means, and measures of variability for tempterature, dew-
point temperature, winds, transmission, pressure, precipitation, first cloud height, and
second cloud height—in that order. The total output for one station is completed before
the next station is started.

The synoptic-map-format output of phase 2 is written in binary mode at a density
of 556 bits/in. Each tape contains a multiple of seven files. The files are temperature,
dew-point temperature,.transmission, pressure, wind, cloud height, and precipitation.
In each file, a record contains in sequence the word count, parameter identification,
time, station number, multiple parameters, second station number, etc. A storage

" capacity equivalent to 24 hr of single-station data is reserved for input. As a result,

the quantity of data that is written on tape at one operation for multiple stations is a
function of the number of stations.

15



6.0 EXAMPLE

Printed weather reports from mesonetwork station 1 for the period 2305-2325,
11 Feb. 1963 (day 42) are shown in Fig. 6-1. These data, in the message format shown
in Table 3-1, were printed directly from the magnetic tape written by the paper-tape-to-
magnetic-tape converter. The output of phase~1 error-check routines for the same time
period is shown in Fig. 6-2. The summary of errors for the entire data sample on 11-13
Feb., together with the specified input tolerances, is shown in Fig. 6-3.

The top statement in Fig. 6-2 refers to the period of missing data in Fig. 6-1 from
2306 to 2318. Note that the message for 2318 was not accepted because only one report was -
received and the exact reference time was unknown. The error word ST T(D) VAR ’
(Section 4.4) refers to changes in excess of 1.2°C (see tolerance IP-11 in Fig. 6-3) between
consecutive dew-point temperatures. In each instance, the coded representation of the
error word (Table 4-2) and the report number are included with the complete message.
Note that the dew-point temperature has been replaced by an error word. The garbled
first time digit in report no. 4 of minute 2319 (Fig. 6-1) resulted in the statement that
time decreased (Fig. 6-2). The entire message was rejected because of the uncertainty
in time. The statement ERROR EXCEEDING TIME TOLERANCE IN NO CEILING VAR
refers to nonconformity with the fifth error-check criterion described in Section 4.5.
According to the tolerances in Fig. 6-3 (IP-10E = 10), 10 consecutive unchanged tangent
values are required to establish nonconformity. No automatic data changes were made as
a result of this check. '

The final error word ST PRESS VAR in Fig. 6-2 refers to the occurrence of a
pressure change in excess of 1.5 mb (see tolerance IP-13 in Fig. 6-3) in report no. 4
of minute 2325. The processing illustrated in Figs. 6-1 through 6-3 was experimental,
and the tolerances cannot be rigorously defended.

An example of the time-series output of phase 2 is shown in Fig. 6-4. The sub-
sample size was 2 min (20 cloud-height reports, 10 reports for all other variables).
The centered times of the total samples were 2318 and 2320, respectively. These times
are in octal mode in Fig. 6-4. The centered time denotes the time of the first report in
the last half of the total sample and is, therefore, 6 sec later than the true centered time.
In this example, centered time 2318 refers to a total sample based on reports from
minutes 2316 through 2319—-except for the second cloud-height mean value, which is
based on the last 2 min only. The columns headed PREFIX, MEAN, and VARIABILITY
identify items that have been discussed in previous sections. The special columns are
used for the direction and speed of the maximum wind in the sample and for the rain
count and rain-no rain indicators. The resultant wind speed and direction are printed
in the final columns on the right in Fig. 6-4. Prefixes 0 in the first data summary in
Fig. 6-4 (time 2318) indicate that at least half of the reports in both subsamples were
missing or erroneous. In the second summary (time 2320), the prefixes are 1 for all
but cloud height. The prefix 1 indicates that at least half of the reports in the first
subsample were missing or erroneous but more than half of the reports in the second
subsample were accepted. The number 6 under the second special column for precip-
itation indicates that the first subsample was missing or erroneous and that no pre- )
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Fig. 6-2. Output of phase 1 for mesonetwork station 1 for 2305—-2325, 11 Feb. 1963,
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cipitation was reported on all remaining valid observations. ' Tables for the interpre-
tation of prefix and special codes are provided in the program specifications. Decimal
points for temperature, dew-point temperature, and pressure are misplaced one posi-
tion to the right in Fig. 6-4. No measures of variability were computed for dew-point
temperature and pressure because the problem of short-range aviation-terminal weather
prediction does not immediately or specifically require them.
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