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SUMMARY

Objective quality control procedures have been developed that are
specifically applicable to the artillery computer meteorological
message. The procedures are based upon a combination of physical
principles and meteorologically consistent empirical relationships. The
empirical relationships involved have undergone revision and refinement
through examination and study of over 3200 upper air soundings from
three different geographic and climatic regions.

\ Validity of the procedures has been demonstrated by the high percentage

of errors detected iIn messages containing known transpositions of

‘ nunbers and by successful detection of verifiable errors in independent
sets of data from field sources.
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INTRODUCTION

One of the principal responsibilities of the Field Artillery Ballistic
Meteorological Section is to provide computer meteorological (CM)
messages to field artillery Fire Direction Centers (FDC) equipped with
the Tactical Fire Direction System (TACFIRE), an integrated system of
tactical automated data processing (ADP) and communications which
replaces the field artillery digital automatic computer, gun direction,
M~-18, commonly referred to as the FADAC1 and the manual/FADAC techniques
of operation and fire direction at the battalion and division levels.

The CM message provides the following essential meteorological inputs to
the battalion ballistic trajectory computations: wind direction in tens
of mils, wind speed in knots, virtual temperature in tenths of degrees
kelvin, and pressure in millibars. These data are given for the surface
and for each of up to 26 standard computer zones above the surface
reaching to a maximum altitude of 20,000 meters above surface as
required by the operational situation.

Accuracy of the meteorological data in the CM message as it is employed
in the ballistic trajectory computations is vitally important. Unfortu-
nately, CM messages are susceptible to having errors introduced into
them (1) during preparation at the Meteorological Section, (2) during
transmission to the user unit, and (3) during entry into tae FDC
computer. Quality control during preparation of the CM message is
largely a manual function and thus subject to human error. At the FDC,
in the case of the most advanced computerized tactical fire direction
control system, TACFIRE, quality control of the CM message is limited to
superficial automated checks that relate primarily to message format,
not content, and to reliance upon visual screening by the TACFIRE
operator before acceptance, storage, and usage of the message. The
specific means of transmission of the CM message from preparer to user,
whether by radio, voice, or messenger-—carried punched paper tape
determines whether or not errors may be introduced during the process,
but in any case no quality control checks of the contents of the message
are made during movement of the message.

This report documents the development of procedures for objectively
performing meteorologically consistent quality control checks on the
contents of single CM messages that would require only very limited ADP
resources to implement at either the preparer or user end, or both, and

lpM 6-15, Field Artillery Meteorology, Headquarters, Department of the
Army, Washington, DC, 30 August 1978

2peference Note: RN FC-~AA, "TACFIRE, the Tactical Fire Direction
System,” US Army Field Artillery School, Office of the Deputy Assistant
Commandant for Combat Developments, Fort Sill, Oklahoma, April 1975




that would improve upon the validity checks currently implemented in the
TACFIRE system.

The body of this report discusses the limitations in the current proce-
dures for maintaining quality control of CM messages and the development
and testing of objective procedures for improved quality control
checking on a single station, single message basis. Results obtained
from applying the objective procedures to real data from different
sources are presented as evidence of the validity of the procedures.
Details of the calculations required to implement the procedures are
given in an appendix.

DISCUSSION

It is possible for artillery CM messages as entered into the division
TACFIRE system to contain data errors that may arise from various
sources. The original atmospheric sounding data may be in error, or
errors may occur in preparing the zoned data for the CM message

forw.t. Errors may also occur during transmission, delivery, or entry
of the CM message into the TACFIRE system,

Currently implemented objective procedures for checking the wvalidity of
data in the CM messages received by TACFIRE are stated” as follows:

When a MET;CM message is entered, the message is
validated and checked to insure that the time
period of the message is not greater than 31 days
and 23.9 hours. If greater, an error message is
generated., In addition, the program also checks
the met station's height and also performs a limit
check on atmospheric pressure. The body of the
MET;CM message is validated to insure that each of
the line numbers are in the range of 00 to 26, and
the wind direction is between zero and 640 tens of

..

*Tactical Database, TACFIRE reference note, December 1975, DT/OT III

Edition, page 19, paragraph 10.B(2): "The program function, however,

will not currently receive digital data directly from sources such as

the Air Weather Service, or organic meteorological sections. Data are

made available to TACFIRE operators via radio, voice or messenger,

depending upon the tactical situation.” ’

1
1

3pm 11-7440-241-10, Chapter 7, DIVARTY Meteorological Function, Section
7"2.(:- 'Y "Validation-"
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mils. In addition, the wind speed should be
between zero and 300 knots, the temperature between
zero and 500.0 degrees, and the air pressure
between zero and 1110 millibars.

Table 7-3, in the same reference, gives the allowable ranges for height
of station in tens of meters as 0-999 and atmospheric pressure at
station in millibars as 0-999.

These validity checks are effective in detecting a few major errors in
message format, but are incapable of detecting many errors in message
content that could easily result 1n iIncorrect ballistic solutions or
even prevent the successful computation of any solution at all.

Current TACFIRE operating procedures require further that incoming CM
messages be displayed and that operator action be required to accept and
store the displayed message before it can be utilized. Presumably, bad
data will be identified by visual examination of the displayed message;
however, under the pressure of battlefield operational conditions, it
appears unlikely that any corrective action will be taken for any
message that has not been flagged by the system as having probable
errors.

Ideally, quality control of computer meteorological messages would be
accomplished by the originating activity to such an extent that any CM
message received by the TACFIRE system could be accepted as containing
correct and useful data as soon as routine TACFIRE validity checking had
determined that the correct format had been received and that no trans-
mission induced errors had occurred. The probability that errors will
occur in the preparation of the CM message has recently been reduced to
some extent with the fielding of the Meteorological Data Processing
Group OL-192. Errors are still possible though, since manual input of
the raw meteorological data to the OL-192 is required. Eventually, with
the advent of automated observing systems such as the Field Artillery
Meteorological Acquisition System (FAMAS) and the direct digital
communication links between the observing system and TACFIRE, the ideal
may be realized. However, for the immediate future, CM messages
containing significant data reduction and data entry or transmission
errors may continue to be expected to enter the TACFIRE system.

ARaymond Bellucci, Steven W, Burnett, and Thomas Richter, 1979,

Documentation of Software in the 0L-192 Meteorological Data Reduction
Program, DELCS-TR-79~1, CS&TA Laboratory, Electronics Research and
Development Command




Procedures similar to those discussed here were originally included in a
set of computer software routines known as the "Proposed AMS-A for Corps
TACFIRE (PACT)" system.5 PACT was intended to fulfill the major
meteorological processing functions re%yired by a statement of work for
the Corps field artillery section. Quality control procedures
introduced in the PACT system have been further refined and are
described in detail here as general procedures for application to
artillery CM messages. These procedures could possibly be incorporated
into the field artillery system either at the point of origin of the CM
message or at the point of application, or both. However it is accom-
plished, implementation of better objective quality control of CM
messages can provide insurance against potentially large errors in
meteorological corrections which might otherwise result in large inaccu-
racies in artillery fire and a consequent degradation of artillery
effectiveness.

SINGLE-STATION, SINGLE-MESSAGE QUALITY CONTROL

Procedures described here are intended to apply to individual CM
messages with no reference made to any past history of 1local
meteorological conditions or to any current information relating to
meteorological conditions in the surrounding area. These procedures are
therefore equally applicable to the very first as well as the very last
CM message ever to reach a given TACFIRE system.

The CM message is strictly formatted to provide for values of pressure,
virtual temperature, wind direction and wind speed at the surface (line
00) and for each of 26 zones (lines 01-26) above the surface. The zone
structure of the CM message is shown in table 1.1 Column one of table 1
is the CM message line number corresponding to the meteorological zome
for which the height value in column two defines the upper boundary.
Column three gives the height value for the midpoint of the zone and
column four gives the thickness of the atmospheric layer as measured
between the midpoint of that zone and the midpoint of the next lower zone.

g, B. Stemmark, W. D. Ohmstede, D. R. Veazey, 1977, Proposed AMS-A for
Corps TACFIRE (PACT) System Description, ASL Internal Report, White
Sands Missile Range, NM

6Inclosure 1, "Software Requirement to Support Corps Field Artillery

Section Using Division Artillery TACFIRE Hardware, Statement of Work," ’
to letter, ATSF-CD-TD, USAFAS, 27 January 1977, subject: “TACFIRE

Software Required to Support Corps Artillery Functions”

l1pm 6-15, Field Artillery Meteorology, Headquarters, Department of the
Army, Washington, DC, 30 August 1978
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TABLE 1. ZONE STRUCTURE OF THE COMPUTER MET MESSAGE

Top of Zone Zone Midpoint Midpoint-to-Midpoint
Line No. Heigggi(m) Height (m) Layer Thickness (m)
00 Surface Surface —
01 200 100 100
02 500 350 250
03 1000 750 400
04 1500 1250 500
05 2000 1750 500
06 2500 2250 500
07 3000 2750 500
08 3500 3250 500
09 4000 3750 500
10 4500 4250 500
11 5000 4750 500
12 6000 5500 750
13 7000 6500 1000
14 8000 7500 1000
15 9000 8500 1000
) 16 10000 9500 1000
17 11000 10500 1000
18 12000 11500 1000
19 130Q0 12500 1000
20 14000 13500 1000
21 15000 14500 1000
22 16000 15500 1000
23 17000 16500 1000
24 18000 17500 1000
, 25 19000 18500 1000
, 26 20000 19500 1000
it
| ”
11




Pressure and Temperature

The well-defined structure of the CM message permits objective testing

of the vertical consistency of the pressure and temperature values based

on accepted physical principles as they apply to the atmosphere. These

principles are <contained in a general expression known as the

hypsometric formula which 1is based on the hydrostatic equation and .
relates the barometric pressure to height in the atmosphere, as governed

by the existing conditions of pressure (%) and temperature and moisture

combined in the virtual temperature (TV),

The hypsometric formula can be written as
Hy = H; = (R/G) * TVM * Log, (P,/P,),
where

Hy is height above sea level at the base of the layer in
geopotential meters;

Hy is height above sea level at the top of the layer in
geopotential meters;

R 1is the gas constant for dry air
( = 287.04 m/sec degrees kelvin);

G 1is a dimensional constant 7
( = 9.8 m/sec per geopotential meter);

TVM is the mean virtual temperature through the layér in degrees
kelvin;

Log, refers to natural or Naperian logarithms;
Pl is the pressure at the bottom of the layer in millibars;
P, is the pressure at the top of the layer in millibars.

The value of the mean virtual temperature of the layer is approximated
by the expression

TVM = (TV1 + TV2)/2.0,

"Manual of Barometry (WBAN), Appendix 7.1, Volume 1, First Editiom, US
Government Printing Office, Washington, DC, 1963

71bid., Appendix 8.0.1

12




where

TV1 is the virtual temperature at the bottom of the layer in
degrees kelvin;

TV2 is the virtual temperature at the top of the layer in degrees
kelvin,

The quantity HZ - Hy is thus the thickness of the layer in geopotential
meters, which for all practical purposes can be considered to be
geometric meters.

Line 00 (Surface) Pressure and Temperature. In normal meteoro-
logical practice, surface pressure and temperature for a given station
would simply be checked against upper and lower 1limits for that
particular site and elevation based on existing historical records for
the station. Since the meteorological sites upon which the artillery
depends cannot be expected to have any such historical records
available, the procedure has been generalized to reducing reporte?
surface values to sea level by using standard atmosphere relationships
and testing the reduced values against worldwide sea level extremes
obtained from historical data.

Lines 0l-26 Pressure and Temperature. With the exception of the
surface (line 00), all temperatures and pressures apply to zones of
specified thickness (table 1) and are evaluated as the midpoint values
of each zone. While line 0l refers to the zone from surface to 200
meters, the line 0l values of temperature and pressure are evaluated at
100 meters above the surface and can therefore be interpreted as being
the upper boundary values of the 100-meter-thick layer having the
surface pressure and temperature as lower boundary values. Similarly,
line 02 pressure and temperature are the upper boundary values for the
250-meter-thick layer between the midpoints of computer zones 0Ol and 02,
and so on through line 26 where the pressure and temperature are the
upper boundary values for the 1000-meter layer between the midpoints of
computer zones 25 and 26.

Reported pressure and temperature values can be checked at each line
above the surface by using the hypsometric formula to obtain a computed
thickness of each layer that has a given line value pressure and
temperature as its upper boundary and then comparing this computed value

lFM—6—15, Field Artillery Meteorology, Headquarters, Department of the
Army, Washington, DC, 30 August 1978

8F. A. Berry, Jr., E. Bollay, and Norman R. Beers, 1945, Handbook of
Meteorology, McGraw-Hill Book Company, Inc., First Edition

13




to the nominal thickness of that layer as given in table 1. A computed
thickness value that differs significantly from the nominal 1is
indicative of a probable error in either pressure or temperature.

Temperature - Vertical Structure., Computation of the thickness of
a layer is much less sensitive to errors in temperature than to errors
in pressure. It is therefore useful to perform an additional check on .
temperature values from line to line by considering the lapse rate over
each layer. Serious errors of incorrect or transposed digits in
temperatures may result in apparent superadiabatic lapse rate conditions
in the vertical structure. For this application, these conditions are
defined as lapse rates exceeding 1.2 degrees kelvin per 100 meters. Any
such condition that is not continuous from the surface 1is rarely
observed and in most cases results from erroneous data rather than real
atmospheric conditions. Furthermore, any lapse rate immediately above
the surface which equals or exceeds 3.5 degrees kelvin per 100 meters
should likewise be flagged as a probable error in temperature, since
such a rate would exist only in the condition characterized as "absolute
instability,” a transient condition found to exist only briefly over
desert regions.

Wind Speed and Wind Direction

The pressure and temperature checking procedures are readily recognized
. as being based on well-understood principles of the thermodynamic
structure and behavior of the atmosphere. Factors governing the
| behavior of the atmosphere in terms of wind direction and wind speed
, relationships in the vertical are considerably more complex, less well
understood, and much less amenable to straightforward analysis.
| However, within the meteorological community, the vertical wind
structure has been subjected to extensive observation and study; and
> empirical relationships between wind speed and variability of wind speed
‘ and wind direction have been derived that permit relatively simple and
useful testing of the reliability of wind values in any single message.

The rules and procedures discussed here have been adapted from an upper
air verification program developed and used operationally by the Data
| Verification Section of the National Weather Records Center (NWRC).10

Allowable wind speed changes from one level or zone to the next can be
expressed as a function of the wind speed at the lower level. In

9Horace Robert Byers, 1944, General Meteorology, McGraw-Hill Book
Company, Inc., Second Edition, p 149

10-me Upper-Air Verification Program,” 1970, Data Verification Section, .
National Weather Records Center, work paper compiled by the Upper-Air
Unit (RAVU) under the direction of Wilson R. Tschiffely, Jr.

14




general, the higher the wind speed, the greater the possible change in
wind speed in going to the next higher zone.

Allowable wind direction changes from one level or zone to the next can
also be expressed as a function of the wind speed. In this case,
generally the higher the wind speed, the less the wind direction is
expeated to vary from zone to zone.

Line 00 (Surface) Wind Speed. Wind speed at the surface is
unlikely to exceed 60 knots except under hurricane or other severe
weather conditions. Surface wind speeds outside the range of 0 to 60
knots should be considered likely to be in error.

Lines 01-26 Wind Speed. The critical values used by NWRC for
determining possible wind speed errors are given in table 2 in whole
knots for compatibility with TACFIRE usage. The data from this table
are plotted as the straight-line segments representing wind speed
intervals in the graph of wind speed versus change in wind speed at the
next higher level (figure 1). To use a simple functional relationship
for testing, a curve of the form

X = A+ B * SRT(Y)

has been derived, where X is the maximum wind speed change between
zones, Y is the wind speed, A = 20, and B = 5.95. This function is
represented by the smooth curve drawn in figure 1.

Limits to the curve are applied at X = 29, where any change in wind-
speed of less than 29 knots is accepted, and at Y greater than 95, such
that wind speed changes are limited to no more than 78 knots for all
wind speeds above 95 knots.

Any change in wind speed from one CM message line to the next that
exceeds limits is interpreted to mean a probable error in the wind speed
value at the upper line.

TABLE 2. WIND SPEED VERSUS WIND -SPEED CHANGE

Maximum Absolute Change in Speed

Speed at Lower Level Between Lower and Upper Level
(Knots) (Knots)
0-10 29
11-19 39
20-37 49
38-66 58
67-95 68
> 95 78

15
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(KNOTS)

SPEEDQ AT LOWER LEVEL

20 30 4o 50 60 70 80 90 100

10

X = 20.0 + 5,95 » SQRT(Y])

|

10 20 I30 'UO 150 ]BO I70 lBO IQD
- CHANGE IN WIND SPEED (KNOTS)

Figure 1. Wind speed versus change in wind speed.
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Line 00 (Surface) Wind Direction. At the surface, any wind direc-
tion value between 0 and 640 tens of mils is accepted as valid; however,
if the surface wind speed is 0, any wind direction other than 0 is
considered to be an error,

Lines 01-26 Changes in Wind Direction. Critical values for deter-
mining possible wind direction errors between successive levels are
given in tables 3 and 4 (in knots and tens of mils as required for
TACFIRE usage). Following the procedures used by NWRC the values in
table 3 apply when the pressure at the top of the layer being checked is
greater than 150 millibars. Table 4 applies when the pressure is less
than 150 millibars. In the CM message structure, the 150millibar level
generally exists between message lines 20 and 21. As adapted for this
use, the table 3 values are used for upper level lines 01-20, and table
4 values are used for upper level lines 21-26.

The data from tables 3 and 4 are plotted in figure 2 as intervals of
wind speed (knots) versus change in wind direction (tens of mils).
Functional relationships have been derived for both sets of data with
the form

X=A+3B*Y,
where

X = allowable wind direction change (tens of mils);

Y = minimum wind speed (knots) occurring at the top or the
bottom of the layer;

B = -0.95;
A = 108.0 for lines 01-20;
and

A

143.0 for lines 21-26.

As in the case of wind speed versus change in wind speed, limits are
applied to the functions for wind speed versus change in wind direction.
In all cases, if the minimum wind speed is less than 25 knots, any
change in direction is acceptable. If the minimum wind is greater than
76 knots, any wind direction change greater than 36 tens of mils is
considered a probable error when the upper level wind is from lines Ol-
20, and any change greater than 71 tens of mils is considered a probable
error when the upper level wind is from lines 21-26.

17




TABLE 3, WIND SPEED VERSUS WIND DIRECTION CHANGE

LINES 01-20
Lower of Two Wind Speeds Allowable Direction Change Between
(Bottom or Top of Layer) Bottom and Top of Layer
(knots) (tens of mils)
0-19 Accept any change
20-37 89
38-56 71
57-76 53
> 76 36

TABLE 4. WIND SPEED VERSUS WIND DIRECTION CHANGE

LINES 21-26
Lower of Two Wind Speeds Allowable Direction Change Between
(Bottom or Top of Layer) Bottom and Top of Layer
(knots) (tens of mils)
0-19 Accept any change
20-37 124
38-56 107
57-76 89
> 76 71
f
18
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DEVELOPMENTAL TESTING

Basic guidance for the development of the quality control procedures
discussed here has been taken from an operational program of the
NWRC.10 Extensive testing was carried out against independently quality
controlled upper air sounding data from different sources and climatic
regions to assure that the procedures would neither unnecessarily flag
insignificant errors, nor flag an excessive number of unusual but not
necessarily incorrect data occurrences. As a result of this testing,
considerable modifications were made to NWRC procedures and additionmal
procedures were developed to address the particular problem of artillery
CM messages.

Developmental Data
Developmental data sets for this purpose included the following:
a. 1552 souﬁdings from 36 stations in Europe
b. 843 soundings from 25 stations in Northeastern United States
c. 831 soundings from 22 stations in Southwestern United States

CM messages were obtained from the data for each upper air sounding by
computer processing. Since the input data had undergone extensive
quality control, the resultant CM messages were considered to be
virtually error free. Any apparent errors in these CM messages that
were detected by the objective quality control procedures could thus be
identified as unusual data occurrences rather than actual errors.

Development Results

Following full development of the objective quality control procedures
for CM messages, testing of the total 3226 CM messages revealed that
only 52 contained data unusual enough to cause probable-error flags to
be set. Nearly all of the 52 probable-error flags resulted from large
wind direction changes of the type that could cause significant errors
in artillery fire if they were actually incorréct data.

VALIDATION TESTING

Following completion of the developmental testing, the objective quality
control procedures were validated by applying them to CM messages with
known data errors resulting from forced transposition of numbers. The
procedures were further validated by applying them to one set of CM
messages produced for actual operational use at Fort Sill by the
Meteorological Section of the 75th Field Artillery Group and to a second

10+me Upper-Alr Verification Program,”™ 1970, Data Verification Section,
National Weather Records Center, work paper compiled by the Upper-Air
Unit (RAVU) under the direction of Wilson R. Tschiffely, Jr.

20
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set of CM messages produced under simulated field conditions at White
Sands Missile Range by the Atmospheric Sciences Labaratory.

Detection of Transposition Errors

The most frequent and easily introduced error arising from human
handling of CM messages is the simple transposition of digits. The
ability of the objective quality control procedures to detect such
errors was tested by taking CM messages known to be error free and
simply forcing transposition of digits in successive locations within
individual 1ines throughout each message, allowing only one
transposition to exist at any one time in the otherwise correct message.

As coded for transmission and entry into the TACFIRE system, each line
of the CM message contains 14 significant digits of meteorological
data. In a full-length message of 27 1lines, with 13 possible
transpositions in each line, a maximum of 351 separate errors can be
induced. Zero-effect transpositions occurring when adjacent digits are
the same reduce the total of errors induced.

Transposition Testing Data. Five CM messages of varying lengths
were used to check transposition detection. One CM message was taken
from each of two different editions of FM 6-15 (1970 11 anq 1978! ). The
messages are identified as messages FM 6-15(1) and FM 6-15(2),
respectively, and are representative of messages produced and recorded
by manual methods. The other three CM messages were taken from "Docu-
mentatloz of Software in the O0L-192 Meteorological Data Reduction
Program”” and are identified as messages OL-192(1), OL-192(2), and OL-
192(3).

The OL-192 is a programmable calculator that is ", . . used by the
artillery meteorological sections to reduce the raw meteorological

data. . . . Input is entered from the calculator console for real flight
time computation.” Thus, while the CM messages from the OL-192 are
produced by machine execution of a digital program, manual entry of the
raw data is still involved.

1y 6-15, Artillery Meteorology, Headquarters, Department of the Army,
Washington, DC, 25 March 1970

lpM 6-15, Field Artillery Meteorology, Headquarters, Department of the
Army, Washington, DC, 30 August 1978

aRaymond Bellucci, Steven W. Burnett, and Thomas Richter, 1979,
Documentation of Software in the OL-192 Meteorological Data Reduction
Program, DELCS-TR-79-1, CS&TA Laboratory, Electronics Research and
Development Command
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Results. Results of applying the objective quality control proce-
dures to CM messages containing induced transposition errors are given
in table 5. Each line of the table gives the results of inducing
transpositions into one of the subject messages. The number of lines in
the message and the total number of transpositions possible, i.e., 13
times the number of lines, are given. The number of zero-effect
transpositions is given and subtracted from the total to obtain the net
number of possible detectable transpositions. The transposition induced
errors detected by the objective quality control procedures are given by ‘
actual number and as a percentage of the net number of transpositions.
Totals of these quantities for all five messages are given in the last
line of the table.

probable-error flags were raised, indicating the effectiveness of more
than one procedure in most instances, e.g., a transposition in either
the temperature or pressure fields often resulted in both thickness and

I
|
Significantly, for the 829 transpositions detected, a total of 1682 I
lapse rate probable-error flags being raised. |

TABLE 5. DETECTION OF TRANSPOSITION ERRORS

Number Transpositions Detected Errors
Message of lines Total Zero Net Number Percent
FM 6-15(1) 27 351 37 314 232 73.9
FM 6-15(2) 25 325 23 302 228 75.5
0L-192(1) 10 130 13 117 91 77.8
0L-192(2) 12 156 9 147 118 80.3
0L~192(3) 17 221 22 199 160 80.4
Totals 91 1183 104 1079 829 76.8

Unanticipated Results. In preparation for the transposition 1
testing, the five CM messages were run through the objective quality
control procedures exactly as obtained from the reference sources.
Messages OL-192(1) and 0L-192(3) passed all tests satisfactorily, but
probable-error flags were raised in testing messages OL-192(2), FM 6- 4
15(1), and FM 6-15(2).

a. O0L-192(2) Original Data

Probable-error flags for both thickness and lapse rate were raised
below 1line 04 and for thickness only below line 05 of message OL-
192(2). Examination of the message revealed temperature values of 2770
and 2681 at lines 03 and 05, respectively, while the temperature value
at line 04 was given as 0409, an obvious error. Replacement by an
interpolated temperature value of 2725 removed the probable-error
flags. An additional probable-error flag for lapse rate below line 03
was also raised. This flag resulted from a difference in temperature
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values between lines 02 and 03 of 8.6°K, a superadiabatic lapse rate of
2,15°K per 100 meters. Such an extreme temperature structure is
considered unlikely to be real and may have resulted from faulty
temperature values at 1lines 00, O0l, and 02 caused by insufficient
weathering of the radiosonde temperature sensing element following a
baseline check made at an unusually high temperature of 312°K.

b. FM 6-15(1) Original Data

The objective procedures raised probable-error flags for thickness
below both lines 06 and 07 of the original FM 6-15(1) mwmessage,
indicating an error in either the temperature or the pressure at line
06. Examination of the message showed a value for pressure at line 06
of 0689 which was actually lower than the pressure at 1line 07.
Ad justment of the line 06 value by an even 50 millibars to a value of
0739 eliminated the thickness errors. Such an error 1is easily
attributed to human action, misreading of the Altitude-Pressure-Density
Chart ML-574 by the value of a fixed pressure interval, such as 50
millibars.

c. FM 6-15(1) Original Data

Probable-error flags were raised in the FM 6-15(2) message for
excessive lapse rates below both lines 07 and 08. Examination of the
available data affords no ready explanation for these meteorologically
unrealistic superadiabatic lapse rate conditions.

While these probable errors are of neither the magnitude nor importance
of those found in the other two messages, they nevertheless serve to
additionally emphasize the effectiveness of the objective procedures in
detecting meteorologically inconsistent and questionable data.

Field Data Tests

The objective quality control ,rocedures were applied to two sets of
field data for additional validation.

Fort Sill Data

The Meteorological Section of the 75th Field Artillery Group at Fort
Sill, Oklahoma, routinely produces CM messages in support of artillery
firings at the US Army Field Artillery School. Copies of 50 CM messages
were obtained from the files of the 75th Field Artillery Group
Meteorological Section to be used in further validation testing of the
objective quality control procedures.

Results. Only three of the 50 CM messages received from Fort Sill
failed to pass all quality control checks. Two raised probable-error
flags for thickness and one raised a probable-error flag for lapse rate
below line Ol.
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Subsequent checking of the data by the 75th Field Artillery Group

Meteorological Section revealed that both thickness errors were the

result of numbers being improperly copied during retrieval of the data ‘
from their files. 1In the first case a pressure of 0941 millibars was

incorrectly copied as 0841 millibars, and in the second case a pressure '
of 0930 was incorrectly copied as 0950.

No copying error was found in the case of the probable lapse rate error;
but according to the NCO in charge of quality control in the
Meteorological Section, the line 00 temperature was indeed too high, f
most likely resulting from premature release of the radiosonde before |
complete stabilization of the temperature sensing element with the
ambient surface temperature,*

All three probable-error flags raised by the objective quality control
procedures were thus confirmed as valid.

White Sands Missile Range Data

During the period of October through December 1974, the Atmospheric
Sciences Laboratory conducted a field project designed to test a
Prototype {(Metegrological) Artillery Subsystem (PASS) at White Sands
Missile Range. Live firings of 8-in howitzers were made to obtain
data under simulated operational conditions to compare different methods
of handling and processing meteorological data in support of the
artillery.

The data produced during project PASS includes 556 CM messages obtained
under operational conditions from nine upper air sounding sections. The
CM messages were manually produced from GMD-]1 rawinsonde flights, coded
for teletype transmission, and sent to a central collection site. At
the central site, a professional meteorologist visually checked the
messages for detection of major errors before acceptance and storage in {
digital form on computer mass storage. Major errors that were detected
upon receipt were removed by editing or by retransmission from the
source, similar to current TACFIRE procedures.

These 556 CM meésages have now been used as a second set of test data to
assess the validity of the objective quality control procedures.

Results. Only 267 of 556 CM messages passed all objective quality

control tests. The remaining 289 messages caused from one to eight
probable-error flags each to be raised for a total of 642, an average of

*Personal communication from SSG Barlow, Meteorological Sectiom, 75th
Field Artillery Group, Fort Sill, Oklahoma, 19 October 1979 . 1

12R&D Technical Report ECOM-5589, 1976, A Description of the Artillery
Meteorological Comparisons at White Sands Missile ﬁﬁam, October 1974 -
December 1915 ("PASS” - Prototype Artillery (Meteorological) Subsystem),
compiled by Kenneth M. Barnett, ASL
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2.2 probable-error flags per message. Cf the 642 total, 585 were for
thickness errors, 52 were for lapse rate errors, four were for wind
direction changes, and one was for an incorrect surface wind direction
value,

A large percentage of the thickness probable-error flags was due to
pressure values that were incorrectly evaluated, recorded, or coded for
tansmission, Spot checks of the data show numerous instances of
pressure that can be made to fit the thickness analysis almost exactly
by either an increase or a decrease of 5 or 10 millibars. In other
cases, obvious transpositions or substitutions have occurred, e.g., 558
being recorded when the value should have been 588.

The PASS project data set of CM messages 1is atypical in that the upper
air sounding crews involved had not been routinely trained in the

, artillery procedures for preparing CM messages. This conclusion is at
least partly supported by an examination of the distribution of error
flags with respect to time interval of the total project. More than 40
percent of all apparent errors was made during the first one quarter of
the project period and more than 66 percent of all errors was made
during the first half of the period. Obviously, the experience factor
improved the performance of the personnel as time went oun.

However, it is also concluded that this data set is very typical of data
that undergoes one or more stages of human manipulation and handling
between source and destination and as such has proved to be very good
data for validation of the objective quality control procedures..
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APPENDIX. QUALITY CONTROL PROCEDURES

Detailed, exact procedures for each parameter are presented in this
appendix.

SURFACE PRESSURE AND TEMPERATURE

Reduce the reported line 00 (surface) pressure and temperature to sea
level. (heck these reduced values against allowable limits.

Ad just Temperature

Ad just temperature by standard atmosphere lapse rate of 6.5°K per 1000
meters,

TSL = TSTA + 6.5 * HTSTA/1000,
where
TSL = temperature (degrees K) at sea level;
TSTA = temperature (degrees K) at station;
HTSTA = station elevation (meters) above sea level.

Ad just Pressure

Ad just pressure by standard atmosphere pressure-height relationship.

PSL = PSTA * (TSL/TSTA) ** [9.806/(287.0%0.0065)],
where
PSL = pressure (millibars) at sea level;
PSTA = presgure (millibars) at station;
TSL = temperature (degrees K) at sea level;
TSTA = temperature (degrees K) at station;
9.806 = accel-ration of gravity;
287.0 = the gas constant for dry air;

0.0065 = the lapse rate in degrees K per meter.
Check Temperature Range
Check that TSL i1s within the range of 205.0° to 330.0°K.
Check Pressure Range

Check that PSL is within the range of 890.0 to 1080.0 millibars.
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Raise Probable-Error Flag
Raise probable-error flag if either limit is exceeded.
LINES 01-26 PRESSURE AND TEMPERATURE

Use the hypsometric formula to compute the atmospheric layer thickness
equivalent to the pressures and temperatures at the bottom and top of
each layer defined by the surface and zone midpoints successively.
Compare the absolute difference between the computed layer thickness and
the nominal thickness from table 1 (in text of report) to an equivalent
4-millibar thickness. The value of 4 millibars has been chosen as an
allowable tolerance based on the contention that density errors greater
than 0.4 percent are significant. Near the surface, 0.4 percent of
density can be said to be roughly equivalent to 4 millibars of
pressure. Raise a probable-error flag if the absolute difference is too
large.

Compute Layer Thickness

CTHK = 29.29 * (T2 + T1)/2.0 * Log,(PLl/P2),
where
CTHK = computed thickness (meters);
T2 = virtual temperature (degrees K) at top of layer;.
Tl = virtual temperature (degrees K) at bottom of layer;
Pl = pressure (millibars) at bottom of layer;
P2 = pressure (millibars) at top of layer.
Compute 4 Millibar Thickness
TOL = 29,29 * T2 * Log,[P2/(P2 - 4.0)],
where '

TOL = allowable 4-millibar thickness (meters);

T2 = temperature (degrees K) at top of layer;

P2 = pressure (millibars) at top of the layer.
Compare
Test to see 1f absolute value of the difference between computed

thickness (CTHK) and nominal thickness from table 1 is greater than
TOL. 1If so, raise a probable-error flag.
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TEMPERATURE - VERTICAL STRUCTURE

Compute the lapse rate for each layer in turn, starting with the layer
from the surface (line 00) to 100 meters (line 01), the midpoint of
computer zone Ol. Ralse a probable-error flag if this first layer lapse
rate equals or exceeds 3.5°K per 100 meters.

Raise a probable-error flag if any other layer is found to have a lapse
rate equal to or exceeding 1.2°K per 100 meters, unless such a condition
exists continuously from the surface to the layer in question.

Compute Lapse Rate

TLR = [(T1 - T2)/ZTHK] * 100,
where

TLR

lapse rate (degrees K per 100 meters);
Tl = temperature (degrees X) at bottom of layer;
T2 = temperature (degrees K) at top of layer;

ZTHK

nominal thickness (meters) of the layer.
Test Lapse Rate from Surface

If Tl is surface temperature and TLR is equal to or exceeds 3.5°K per
100 meters, raise a probable-error flag.

Test Lapse Rate above 100 Meters
When Tl is the temperature from other than line 0, if TLR is equal to or
greater than 1.2°%K per 100 meters, and this condition does not exist
continuously from the surface to the level of Tl, raise a probable-error
flag.
SURFACE AND WIND SPEED
Test wind speed values against limits.
Test Speed

If 1line 00 wind speed is less than 0 or greater than 60 knots, raise a
probable-error flag.

LINES 01-26 WIND SPEED

Compute the absolute difference in wind speed between line (I) and line
(I-1) for values of I from Ol to 26 in turn. If the speed difference is
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less than 29 knots, accept the line (I) speed value, or if the speed
difference exceeds 95 knots, raise a probable-error flag. If the speed
difference is within the range of 29 to 95 knots, compute the allowable
speed change (X) from the function

X = 20, + 5.95 * SQRT(Y),
where Y is the wind speed at the lower of the two lines. If the actual
difference exceeds the computed allowable difference, raise a probable-

error flag; otherwise, accept the speed value at line (I) and proceed to
the next line.

Find Speed Difference
For each line (I) from I = 0l to I = 26, compute
DSPD(1) = ABS[SPD(I) - SPD(I - 1)].
Test Against Limits

If DSPD(I) is less than 29 knots, accept wind speed line (I); go on to
the next line.

If DSPD(I) is greater than 95 knats, raise a probable-error flag.

If DSPD(I) is within the range of 29 to 95 knots, test against speed
difference function. :

Speed Difference Function
Compute allowable speed difference from speed at line (I-1):
ASPD(I) = 20. + 5,95 * SQRT[SPD(I-1)].

If DSPD(I) exceeds ASPD(I), raise a probable—error flag; otherwise,
accept the speed value at line (I) and continue to next line.

SURFACE WIND DIRECTION
If Line 00 wind direction is less than 0, or greater than 640 tens of

mils, raise a probable-error flag. Also, if line 00 windspeed is 0 and
line 00 wind direction is not 0, raise a probable-error flag.

LINES 01-26 WIND DIRECTION
If the wind speed at line (I) is O and the wind direction is not 0,
raise a probable-error flag; otherwise, proceed to test for an

acceptable direction value as follows:

Find the smaller of the two wind speeds at lines (I) and (I-1). If
this value is less than 25 knots, consider the wind direction at line

30




(I) to be correct and continue to the next line. If both wind speeds
are 25 knots or greater, compute the maximum allowable wind direction
difference as a function of the smaller of the two wind speeds by using
the appropriate expression for the line under consideration.
If the actual direction difference between lines (I) and (I-1) exceeds
\ the computed allowable direction difference, raise a probable-error
| flag; otherwise, go on to the next line.
Find Minimum Wind
For each line (I) from I = 01 to I = 26, compute
SPIMIN = MIN[SPD(I), SPD (I-1)].
Test Lower Limit

If SPIMIN is less than 25 knots, repeat previous step for next line;
otherwise, go to next step.

Find Direction Difference
Compute
DDIR(I) = ABS[DIR(I)-DIR(I-1)].

If DDIR(I) is greater than 320 tens of mils (change in direction-through
north),

DDIR(I) = 640. - DDIR(I).
Allowable Difference, Lines 01-20
Compute
ADIR(I) = 108.0 - 0.95 * SPIMIN;
or if SPDMIN is .greater than 76 knots,
ADIR(Ij = 36.0 tens of mils.
Allowable Difference, Lines 21-26
Compute
ADIR(I) = 143.0 - 0.95 * SPIMIN;
or if SPDMIN is greater than 76 knots,

{ ADIR(I) = 71.0 tens of mils.
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Test Wind Direction Change

If DDIR(I) 1is greater than ADIR(I), raise a probable-error flag.
Otherwise, accept the wind direction at line (I) and continue to next
line of message.




DISTRIBUTION LIST

Dr. Frank D, Eaton
Geophysical Institute
University of Alaska
Fairbanks, AK 99701

Commander

US Army Aviation Center
ATTN: ATZQ-D-MA

Fort Rucker, AL 36362

Chief, Atmospheric Sciences Div
Code ES-81

NASA

Marshall Space Flight Center,
AL 35812

Commander

US Army Missile R&D Command
ATTN: DRDMI-CGA (B. W. Fowler)
Redstone Arsenal, AL 35809

Redstone Scientific Information Center
ATTN: DRDMI-TBD

US Army Missile R&D Command

Redstone Arsenal, AL 35809

Commander

US Army Missile R&D Command
ATTN: DRDMI-TEM (R. Haraway)
Redstone Arsenal, AL 35809

Commander

US Army Missile R&D Command

ATTN: DRDMI-TRA (Dr. Essenwanger)
Redstone Arsenal, AL 35809

Commander

HQ, Fort Huachuca

ATTN: Tech Ref Div

Fort Huachuca, AZ 85613

Commander

US Army Intelligence Center & School
ATTN: ATSI-CD-MD

Fort Huachuca, AZ 85613

Commander

US Army Yuma Proving Ground
ATTN: Technical Library
Bldg 2100 '

Yuma, AZ 85364

33

Naval Weapors Center (Code 3173)
ATTN: Dr. A. Shlanta
China Lake, CA 93555

Sylvania Elec Sys Western Div
ATTN: Technical Reports Library
PO Box 205

Mountain View, CA 94040

Geophysics Officer

PMTC Code 3250

Pacific Missile Test Center
Point Mugu, CA 93042

Commander

Naval Ocean Systems Center {Code 4473)
ATTN: Technical Library

San Diego, CA 92152

Meteorologist in Charge
Kwajalein Missile Range

PC Box 67

APO San Francisco, CA 96555

Director .
NOAA/ERL/APCL R31
RB3-Room 567
Boulder, CO 80302

Library-R-51-Tech Reports
NOAA/ERL

320 S. Broadway

Boulder, CO 80302

National Center for Atmos Research
NCAR Library

PO Box 3000

Boulder, CO 80307

R. B. Girardo

Bureau of Reclamation

E&R Center, Code 1220

Denver Federal Center, Bldg 67
Denver, CO 80225

National Weather Service
National Meteorological Center
W321, WWB, Room 201

ATTN: Mr. Quiroz

Washington, DC 20233




Mil Assistant for Atmos Sciences

Ofc of the Undersecretary of Defense
for Rsch & Engr/E&LS - Room 3D129

The Pentagon

Washington, DC 20301

Defense Communications Agency
Technical Library Center

Code 205

Washington, DC 20305

Director

Defense Nuclear Agency
ATTN: Technical Library
Washington, DC 20305

HQDA (DAEN-RDM/Dr. de Percin)
Washington, DC 20314

Director

Naval Research Laboratory
Code 5530

Washington, DC 20375

Commanding Officer

Naval Research Laboratory
Code 2627

Washington, DC 20375

Dr. J. M., MacCallum

Naval Research Laboratory
Code 1409

Washington, DC 20375

The Library of Congress
ATTN: Exchange & Gift Div
Washington, DC 20540

2

Head, Atmos Rsch Section
Div Atmospheric Science
National Science Foundation
1800 G. Street, NW
Washington, DC 20550

CPT Hugh Albers, Exec Sec

Interdept Committee on Atmos Science
National Science Foundation
Washington, DC 20550

34

Director, Systems R&D Service
Federal Aviation Administration
ATTN: ARD-54

2100 Second Street, SW
Washington, DC 20590

ADTC/DLODL
Eglin AFB, FL 32542

Naval Training Equipment Center
ATTN: Technical Library
Orlando, FL 32813

Det 11, 2WS/01
ATTN: Maj Orondorff
Patrick AFB, FL 32925

USAFETAC/CB
Scott AFB, IL 62225

HQ, ESD/TOSI/S-22
Hanscom AFB, MA 01731

Air Force Geophysics Laboratory
ATTN: LCB (A. S. Carten, Jr.)
Hanscom AFB, MA 01731

Air Force Geophysics Laboratory
ATTN: LYD
Hanscom AFB, MA 01731

Meteorology Division
AFGL/LY
Hanscom AFB, MA 01731

.US Army Liaison Office

MIT-Lincoln Lab, Library A-082
PO Box 73
Lexington, MA 02173

Director

US Army Ballistic Rsch Lab

ATTN: DRDAR-BLB (Dr. G. E. Keller)
Aberdeen Proving Ground, MD 21005

Commander

US Army Ballistic Rsch Lab

ATTN: DRDAR-BLP

Aberdeen Proving Ground, MD 21005




Director

US Army Armament R&D Command
Chemical Systems Laboratory

ATTN: DRDAR-CLJ-I

Aberdeen Proving Ground, MD 21010

Chief CB Detection & Alarms Div
Chemical Systems Laboratory

ATTN: DRDAR-CLC-CR (H. Tannenbaum)
Aberdeen Proving Ground, MD 21010

Commander

Harry Diamond Laboratories
ATTN: DELHD~CO

2800 Powder Mill Road
Adelphi, MD 20783

Commander

ERADCOM

ATTN: DRDEL-AP

2800 Powder Mi11 Road
Adelphi, MD 20783

2

Commander

ERADCOM

ATTN: DRDEL-CG/DRDEL-DC/DRDEL-CS
2800 Powder Mill Road

Adelphi, MD 20783

Commander

ERADCOM

ATTN: DRDEL-CT

2800 Powder Mill Road
Adelphi, MD 20783

Commander

ERADCOM

ATTN: DRDEL-EA

2800 Powder Mill Road
Adelphi, MD 20783

Commander

ERADCOM

ATTN: DRDEL-~PA/DRDEL~-ILS/DRDEL-E
2800 Powder Mill Road

Adelphi, MD 20783

35

Commander

ERADCOM

ATTN: DRDEL-PAO (S. Kimmel)
2800 Powder Mill Road
Adelphi, MD 20783

Chief

Intelligence Materiel Dev & Support Ofc
ATTN: ODELEW-WL-I

Bldg 4554

Fort George G. Meade, MD 20755

Acquisitions Section, IRDB-D823
Library & Info Service Div, NOAA
6009 Executive Blvd
Rockville, MD 20852

Naval Surface Weapons Center
White Qak Library
Silver Spring, MD 20910

The Environmental Research
Institute of MI

ATTN: IRIA Library

PO Box 8618

Ann Arbor, MI 48107

Mr. William A. Main
USDA Forest Service
1407 S, Harrison Road
East Lansing, MI 48823

Dr. A. D. Belmont
Research Division

PO Box 1249

Control Data Corp
Minneapolis, MN 55440

Director

Naval Oceanography & Meteorology
NSTL Station

Bay St Louis, MS 39529
Director '

US Army Engr Waterways Experiment Sta
ATTN: Library

PO Box 631

Vicksburg, MS 39180




Environmental Protection Agency
Meteorology Laboratory
Research Triangle Park, NC 27711

US Army Research Office

ATTN: DRXRO-PP

PO Box 12211

Research Triangle Park, NC 27709

Commanding Officer

US Army Armament R&D Command
ATTN: DRDAR-TSS Bldg 59
Dover, NJ 07801

Commander

HQ, US Army Avionics R&D Activity
ATTN: DAVAA-Q

Fort Monmouth, NJ 07703

Commander/Director
US Army Combat Surveillance & Target
Acquisition Laboratory

ATTN: DELCS-D

Fort Monmouth, NJ 07703
Commander

US Army Electronics R&D Command
ATTN: DELCS-S

Fort Monmouth, NJ 07703

US Army Materiel Systems
Analysis Activity
ATTN: DRXSY-MP
Aberdeen Proving Ground, MD 21005

Director

US Army Electronics Technology &
Devices Laboratory

ATTN: DELET-D

Fort Monmouth, NJ 07703

Commander

US Army Electronic Warfare Laboratory
ATTN: DELEW-D

Fort Monmouth, NJ 07703

36

Commander

US Army Night Vision &
Electro-Optics Laboratory

ATTN: DELNV-L (Dr. Rudolf Buser)

Fort Monmouth, NJ 07703

Commander

ERADCOM Technical Support Activity
ATTN: DELSD-L

Fort Monmouth, NJ 07703

Project Manager, FIREFINDER
ATTN: DRCPM-FF
Fort Monmouth, NJ 07703

Project Manager, REMBASS
ATTN: DRCPM~RBS
Fort Monmouth, NJ 07703

Commander

US Army Satellite Comm Agency
ATTN: DRCPM-SC-3 .

Fort Monmouth, NJ 07703

Commander

ERADCOM Scientific Advisor
ATTN: DRDEL-SA

Fort Monmouth, NJ 07703

6585 TG/WE
Holloman AFB, NM 88330

AFWL/WE
Kirtland, AFB, NM 87117

AFWL/Technical Library (SUL)
Kirtland AFB, NM 87117

Commander

US Army Test & Evaluation Command
ATTN: STEWS-AD-L

White Sands Missile Range, NM 88002

Rome Air Development Center
ATTN: Documents Library
TSLD (Bette Smith)

Griffiss AFB, NY 13441




Commander Naval Surface Weapons Center

US Army Tropic Test Center Code G65 i
ATTN: STETC-TD (Info Center) Dahlgren, VA 22448
APQO New York 09827
Commander
Commandant US Army Night Vision
US Army Field Artillery School & Electro-0Optics Lab
ATTN: ATSF-CD-R (Mr. Farmer) ATTN: DELNV-D
Fort Si11, 0K 73503 Fort Belvoir, VA 22060
Commandant Commander and Director
US Army Field Artillery School US Army Engineer Topographic Lab
ATTN: ATSF-CF-R ETL-TD-MB
Fort Si11, OK 73503 Fort Belvoir, VA 22060
Director CFD Director
US Army Field Artillery School Applied Technology Lab
ATTN: Met Division DAVDL-EU-TSD
Fort Sill1, 0K 73503 ATTN: Technical Library
Fort Eustis, VA 23604
Commandant
US Army Field Artillery School Department of the Air Force
ATTN: Morris Swett Library OL-C, 5WW
Fort Sill, OK 73503 Fort Monroe, VA 23651
Commander Department of the Air Force
US Army Dugway Proving Ground S5WW/DN
ATTN: MT-DA-L Langley AFB, VA 23665
Dugway, UT 84022
Director 1
Dr. C. R. Sreedrahan , Development Center MCDEC
Research Associates ATTN: Firepower Division
Utah State University, UNC 48 Quantico, VA 22134
Logan, UT 84322 4
: : ‘US Army Nuclear & Chemical Agency
Inge Dirmhirn, Professor ATTN: MONA-WE
Utah State University, UNC 48 Springfield, VA 22150
Logan, UT 84322
Director
Defense Documentation Center US Army Signals Warfare Laboratory
ATTN: DDC-TCA ATTN: DELSW-0S (Dr. R. Burkhardt)
Cameron Station Bldg 5 Vint Hi1l Farms Station
?lexandria, VA 22314 Warrenton, VA 22186
2
Commander 1
Commanding Officer US Army Cold Regions Test Center
US Army Foreign Sci & Tech Center ATTN: STECR-0P-PM
ATTN: DRXST-IS1 APO Seattle, WA 98733

220 7th Street, NE
Charlottesville, VA 22901




Dr. John L. Walsh
Code 5560

Navy Research Lab
Washington, DC 20375

Commander
TRASANA
ATTN: ATAA-PL
(Dolores Anguiano)
White Sands Missile Range, NM 88002

Commander

US Army Dugway Proving Ground

ATTN: STEDP-MT-DA-M (Mr. Paul Carlson)
Dugway, UT 84022

Commander
US Army Dugway Proving Ground
ATTN: STEDP-MT-DA-T

(Mr, William Peterson)
Dugway, UT 84022

Commander

LSATRADOC

ATTN: ATCD-SIE

Fort Monroe, VA 23651

Commander

USATRADOC

ATTN: ATCD-CF

Fort Monroe, VA 23651

Commander

USATRADOC

ATTN: Tech Library
Fort Monroe, VA 23651




© ® N e o oA WP

=t
e

-
N

13.

14.
15.
16.
117.
18.
19.

20.

ATMOSPHERIC SCIENCES RESEARCH PAPERS

Lindberg, J.D., “An Improvement to a Method for Measuring the Absorption Coef-
ficient of Atmospheric Dust and other Strongly Absorbing Powders,
ECOM-55635, July 1975.

Avara, Elton, P, “Mesoscale Wind Shears Derived from Thermal Winds,”” ECOM-5566,
July 1975.

Gomez, Richard B., and Joseph H. Pierluissi, “Incomplete Gamma Function Approxi-
mation for King’s Strong-Line Transmittance Model,”” ECOM-3567, July 1975.

Blanco, A.J., and B.F. Engebos, “Ballistic Wind Weighting Functions for Tank
Projectiles,” ECOM-5568, August 1975.

Taylor, Fredrick J., Jack Smith, and Thomas H. Pries, ‘“Crosswind Measurements
through Pattern Recognition Techniques,” ECOM-3569, July 1975.

Walters, D.L., “Crosswind Weighting Functions for Direct-Fire Projectiles,”” ECOM-
5570, August 1975.

Duncan, Louis D., “An Improved Algorithm for the Iterated Minimal Information
Solution for Remote Sounding of Temperature,” ECOM-5571, August 1975.

Robbiani, Raymond L., “Tactical Field Demonstration of Mobile Weather Radar Set
AN/TPS-41 at Fort Rucker, Alabama,” ECOM-5572, August 1975.

Miers, B., G. Blackman, D. Langer, and N. Lorimier, **Analysis of SMS/GOES Film
Data,”” ECOM-5573, September 1975.

Manquero, Carlos, Louis Duncan, and Rufus Bruce, ‘““An Indication from Satellite
Measurements of Atmospheric CO2 Variability,” ECOM-5574, September
1975.

Petracca, Carmine, and James D. Lindberg, “Installation and Operation of an Atmo-
spheric Particulate Collector,” ECOM-5575, September 1975.

Avara, Elton P., and George Alexander, “Empirical Investigation of Three Iterative
Methods for Inverting the Radiative Transfer Equation,” ECOM-5576,
October 1975.

Alexander, George D., “A Digital Data Acquisition Interface for the SMS Direct
Readout Ground Station — Concept and Prelintinary Design,” ECOM-
5577, October 1975.

Cantor, Israel, “Enhancement of Point Source Thermal Radiation Under Clouds in
a Nonattenuating Medium,” ECOM-5578, October 1975.

Norton, Colburn, and Glenn Hoidale, “The Diumal Variation of Mixing Height by
Month over White Sands Missile Range, N.M,” ECOM-5579, November 1975.

Avara, Elton P., “On the Spectrum Analysis of Binary Data,” ECOM-5580, November
1975.

Taylor, Fredrick J., Thomas H. Pries, and Chao-Huan Huang, “Optimal Wind Velocity
Estimation,” ECOM-5581, December 1975.

Avara, Elton P., “Some Effects of Autocorrelated and Cross-Correlated Noise on the
Analysxs of Variance, ”” ECOM-5582, December 1975.

Gillespie, Patti S., R.L. Armstrong, and Kenneth O. White, “The Spectral Character
istics and Atmospheric CO2 Absorption of the Ho”'YLF Laser at 2.05um,”
ECOM-5583, December 1975.

Novian, David J. “An Empirical Method of Forecasting Thunderstorms for the White
Sands Missile Range,” ECOM-5584, February 1976.

Avara, Elton P., “Randomization Effects in Hypothesis Testing with Autocorrelated
Noise,” ECOM-5585, February 1976.

Watkins, Wendell R., “Improvements in Long Path Absorption Cell Measurement,”
ECOM-5586, March 1976.

Thomas, Joe, George D. Alexander, and Marvin Dubbin, “SATTEL — An Army
Dedicated Meteorological Telemetry System,” ECOM-5587. March 1976.

Kennedy, Bruce W., and Delbert Bynum, “Army User Test Program for the RDT&E-
XM-75 Meteorological Rocket,” ECOM-5588, April 1976.

39




25.

26.
27.
28.

29,
30.
31.
32,
33,
34,
35,
36.
37.
38.
39.
40.
41.
42,

43.
44.
45.
46.
41.
48.
49,

50.

Barnett, Kenneth M., “*A Description of the Artillery Meteorological Comparisons at
White Sands Missle Range, October 1974 - December 1974 (‘PASS’ -
Prototype Artillery [Meteorological] Subsystem),” ECOM-5589, April 1976.

Miller, Walter B., “Preliminary Analysis of Fall-of-Shot From Project ‘PASS’,”” ECOM-
5590, Apn] 1976.

Avara, Elton P., “Error Analysis of Minimum Information and Smith’s Direct Methods
for Invertmg the Radiative Transfer Equation,” ECOM-5591, April 1976.

Yee, Young P., James D. Hom, and George Alexander, “Synoptic Thermal Wind Cal-
culations from Radiosonde Observations Over the Southwestern United
States,”” ECOM-5592, May 1976.

Duncan, Louis D., and Mary Ann Seagraves, " Applications of Empirical Corrections to
NOAA-4 VTPR Obe<ervations,” ECOM-5593, May 1976.

Miers, Bruce T., and Steve aver, “‘Applications of Meterological Satellite Data to
Weather Sensitive Army Operations,””ECOM-5594, May 1976.

Sharenow, Moses, ‘“‘Redesign and Improvement of Balloon ML-566," ECOM.5595,
June, 1976.

Hansen, Frank V., “The Depth of the Surface Boundary Layer,” ECOM-5596, June
1976.

Pinnick, R.G., and E.B. Stenmark, ‘“Response Calculations for a Commercial Light-
Scattering Aerosol Counter,” ECOM-5597, July 1976.

Mason, J., and G.B. Hoidale, ' Visibility as an Esumator of Infrared Transmittance,”
ECOM-5598, July 1976.

Bruce, Rufus E., Louis D. Duncan, and Joseph H. Pierluissi, “Experimental Study of
the Relationship Between Radiosonde Temperatures and Radiometric-Area
Temperatures,” ECOM-5599, August 1976.

Duncan, Louis D., “Stratospheric Wind Shear Computed from Satellite Thermal
Sounder Measurements,” ECOM-5800, September 1976.

Taylor, F., P. Mohan, P. Joseph and T. Pries, ‘*An All Digital Automated Wind
Measurement System,”” ECOM-5801, September 1976.

Bruce, Charles, “Development of Spectrophones for CW and Pulsed Radiation Sources,”
ECOM-5802, September 1976.

Duncan, Louis D., and Mary Ann Seagraves,' Another Method for Estimating Clear
Column Radiances,”” ECOM-5803, October 1976.

Blanco, Abel J., and Larry E. Taylor, * Artillery Meteorological Analysis of Project Pass,”
ECOM 5804, October 1976.

Miller, Walter, and Bernard Engebos,"* A Mathematical Structure for Refmement of
Sound Ranging Estimates,” ECOM-5805, November, 1976.

Gillespie, James B., and James D. Lmdberg, “A Method to Obtam Diffuse Reflectance
Measurements from 1.0 to 3.0 um Using a Cary 171 Spectrophotometer,”
ECOM-5806, November 1976.

Rubio, Roberto, and Robert O. Olsen,**A Study of the Effects of Temperature
Variations on Radio Wave Absorption,''ECOM-5807, November 1976.

Ballard, Harold N., “Temperature Measurements in the Stratosphere from Balloon-
Borne Instrument Platforms, 1968-1975,” ECOM-5808, December 1976.

Monahan, H.H., “An Approach to the Short-Range Prediction of Early Morning
Radiation Fog,” ECOM-5809, January 1977.

Engebos, Bernard Francis, “Introduction to Multiple State Multiple Action Decision
Theory and Its Relation to Mixing Structures,” ECOM-5810, January 1977.

Low, Richard D.H.,'Effects of Cloud Particles on Remote Sensing from Space in the
10-Micrometer Infrared Region,* ECOM-5811, January 1977.

Bonner, Robert S., and R. Newton, *Application of the AN/GVS-5 Laser Rangefinder
to Cloud Base Height Measurements,” ECOM-5812, February 1977.

Rubio, Roberto, “Lidar Detection of Subvisible Reentry Vehicle Erosive Atmospheric
Material,” ECOM-5813, March 1977.

Low, Richard ‘D.H., and J.D. Homn, “Mesoscale Determination of Cloud-Top Height:
Problems and Solutions,” ECOM-5814, March 1977.

.




51. Duncan, Louis D., and Mary Ann Seagraves,'Evaluation of the NOAA-4 VTPR Thermal
Winds for Nuclear Fallout Predictions,”” ECOM-5815, March 1977.

52. Randhawa, Jagir S., M. lzquierdo, Carlos McDonald and Zwv1 Salpeter, ‘‘Stratospheric
Ozone Density as Measured by a Chemiluminescent Sensor During the
Stratcom VI-A Flight,” ECOM-5816, April 1977.

53. Rubio, Roberto, and Mike Izquierdo, “Measurements of Net Atmospheric Irradiance
in the 0.7- to 2.8-Micrometer Infrared Region,” ECOM-5817, May 1977.

54. Ballard, Harold N., Jose M. Serna, and Frank P. Hudson Consultant for Chemical
Kinetics, *“Calculation of Selected Atmospheric Composition Parameters
for the Mid-Latitude, September Stratosphere,”” ECOM-5818, May 1977.

55. Mitchell, J.D., R.S. Sagar, and R.O. Olsen, *‘Positive lons in the Middle Atmosphere
During Sunrise Conditions,”” ECOM-5819, May 1977.

56. White, Kenneth O., Wendell R, Watkins, Stuart A, Schleusener, and Ronald L. Johnson,
“Solid-State Laser Wavelength Identification Using a Reference Absorber,”
ECOM-5820, June 1977, .

57. Watkins, Wendell R., and Richard G. Dixon, “Automation of Long-Path Absorption
Cell Measurements,” ECOM-5821, June 1977.

58. Taylor, S.E., J.M. Davis, and J.B. Mason, ‘‘Analysis of Observed Soil Skin Moisture
Effects on Reflectance,” ECOM-5822, June 1977.

59. Duncan, Louis D. and Mary Ann Seagraves, ‘“Fallout Predictions Computed from
Safellite Derived Winds,”” ECOM-5823. June 1977.

60. Snider, D.E., D.G. Murcray, F.H. Murcray, and W.J. Williams, ‘Investigation of
High-Altitude Enhanced Infrared Backround Emissions” (U), SECRET,
ECOM-5824, June 1977.

61. Dubbin, Marvin H. and Dennis Hall, “Synchronous Meteorlogical Satellite Direct
Readout Ground System Digital Video Electronics,” ECOM-5825, June
1977. '

62. Miller, W,, and B. Engebos, “A Preliminary Analysis of Two Sound Ranging
Algorithms,” ECOM-5826, July 1977.

63. Kennedy, Bruce W., and James K. Luers, “Ballistic Sphere Techniques for Measuring
Atomspheric Parameters,”” ECOM-5827, July 1977.

64. Duncan, Louis D., ‘“Zenith Angle Variation of Satellite Thermal Sounder Measure-
ments,”” ECOM-5828, August 1977. .

65. Hansen, Frank V., “The Critical Richardson Number,” ECOM-5829, September 1977.

66. Ballard, Harold N., and Frank P. Hudson (Compilers), ‘“‘Stratospheric Composition
Balloon-Bome Experiment,” ECOM-5830, October 1977.

67. Barr, William C., and Arnold C. Peterson, “Wind Measuring Accuracy Test of
Meteorological Systems,”” ECOM-5831, November 1977.

68. Ethridge, G.A. and F.V. Hansen, “Atmospheric Diffusion: Similarity Theory and
Empirical Derivations for Use in Boundary Layer Diffusion Problems,”
ECOM-5832, November 1977.

69. Low, Richard D.H., “The Intemal Cloud Radiation Field and a Technique for Deter-
mining Cloud Blackness,” ECOM-5833, December 1977.

70. Watkins, Wendell R., Kenneth O. White, Charles W. Bruce, Donald L. Walters, and
James D. Lindberg, *“Measurements Required for Prediction of High
. Energy Laser Transmission,” ECOM-5834, December 1977.
71. Rubio, Robert, “Investigation of Abrupt Decreases in Atmospherically Backscattered
Laser Energy,” ECOM-5835. December 1977.
¢ 72. Monahan, H.H. and R.M. Cionco, “An Interpretative Review of Existing Capabilities
for Measuring and Forecasting Selected Weather Variables (Emphasizing
Remote Means),” ASL-TR-0001, January 1978.
73. Heaps, Melvin G., “The 1979 Solar Eclipse and Validation of D-Region Models,” ASL-
TR-0002. March 1978,

a9




74.

75.
76.

71.

78.
79.
80.
81.
82.

83.

84.
85.

86.

87.

88.

89.

90.
91.

92.

93.

94.
95.

Jennings, S.G., and J.B. Gillespie, “M.L.LE. Theory Sensitivity Studies - The Effects
of Aeroso!l Complex Refractive Index and Size Distribution Vanations
on Extinction and Absorption Coefficients Part Il: Analysis of the
Computational Results,”” ASL-TR-0003, March 1978.

White, Kenneth O. et al, “Water Vapor Continuum Absorption in the 3.5um to 4.0um
Region,” ASL-TR-0004, March 1978.

Olsen, Robert O., and Bruce W. Kennedy, ‘‘ABRES Pretest Atmospheric Measure-
ments,” ASL-TR-0005, April 1978.

Ballard, Harold N., Jose M. Serna, and Frank P. Hudson, “‘Calculation of Atmospheric
Composition in the High Latitude September Stratosphere,”” ASL-TR-0006,
May 1978.

Watkins, Wendell R. et al, “Water Vapor Absorption Coefficients at HF Laser Wave-
lengths,” ASL-TR-0007, May 1978.

Hansen, Frank V., “The Growth and Prediction of Nocturnal Inversions,” ASL-TR-
0008, May 1978.

Samuel, Christine, Charles Bruce, and Ralph Brewer, *‘Spectrophone Analysis of Gas
Samples Obtained at Field Site,” ASL-TR-0009, June 1978.

Pinnick, R.G. et al., “*Vertical Structure in Atmospheric Fog and Haze and its Effects
on IR Extinction,” ASL-TR-0010, July 1978.

Low, Richard D.H., Louis D. Duncan, and Richard B. Gomez, “The Microphysical
Basis of Fog Optical Characterization,” ASL-TR-0011, August 1978.

Heaps, Melvin G., “The Effect of a Solar Proton Event on the Minor Neutral
Constituents of the Summer Polar Mesosphere,” ASL-TR-0012, August 1978.

Mason, James B., “Light Attenuation in Falling Snow,” ASL-TR-0013, August 1978.

Blanco, Abel J., “Long-Range Artillery Sound Ranging: “PASS” Meteorological Appli-
cation,”” ASL-TR-0014, September 1978. . -

Heaps, M.G., and F.E. Niles, “‘Modeling the Ion Chemistry of the D-Region: A case
Study Based Upon the 1966 Total Solar Eclipse,” ASL-TR-0015, September
1978.

Jennings, S.G., and R.G. Pinnick, “Effects of Particulate Complex Refractive Index
and Particle Size Distribution Variations on Atmospheric Extinction and
Absorption for Visible Through Middle-Infrared Wavelengths,”” ASL-TR-0016,
September 1978. .

Watkins, Wendell R., Kenneth O. White, Lanny R. Bower, and Brian Z. Sojka, ** Pres-
sure Dependence of the Water Vapor Continuum Absorption in the 3.5- to
4.0-Micrometer Region,” ASL-TR-0017, September 1978.

Miller, W.B., and B.F. Engebos, “Behavior of Four Sound Ranging Techniques in an

_ldealized Physical Enviroment,” ASL-TR-0018, September 1978.

Gomez, Richard G., “Effectiveness Studies of the CBU-88/B Bomb, Cluster, Smoke
Weapon" (U), CONFIDENTIAL ASL-TR-0019, September 1978.

Miller, August, Richard C. Shirkey, and Mary Ann Seagraves, ““Calculation of Thermal
Emission from Aerosols Using the Doubling Technique,” ASL-TR-0020,
November, 1978. )

Lindberg, James D. et al., **‘Measured Effects of Battlefield Dust and Smoke on Visible,
Infrared, and Millimeter Wavelengths Propagation: A Preliminary Report
on Dusty Infrared Test-1 (DIRT-I),” ASL-TR-0021, January 1979.

Kennedy, Bruce W., Arthur Kinghorn, and B.R. Hixon, *“Engineering Flight Tests
of Range Meteorological Sounding System Radiosonde,” ASL-TR.0022,
February 1979,

Rubio, Roberto, and Don Hoock, “Microwave Effective Earth Radius Factor Vari-
ability at Wiesbaden and Balboa,” ASL-TR-0023, February 1979.

Low, Richard D.H., “A Theoretical Investigation of Cloud/Fog Optical Properties
and Their Spectral Correlations,” ASL-TR-0024, February 1979.

42




97.

98.
99.

100.

101.

107.
108.

109.

110.

111.

112
113.

114.

115.

116.

117.

118.

¢ 119.

TR e

121.

!.4.~

120.

Pinnick, R.G., and H.J. Auvermann, “Response Characteristics of Knollenberg Light-
Scattering Aerosol Counters,” ASL-TR-0025, February 1979.

Heaps, Melvin G., Robert O. Olsen, and Warren W. Berning, “Solar Eclipse 1979, At-
mospheric Sciences Laboratory Program Overview,” ASL-TR-0026 February
1979.

Blanco, Abel J., “Long-Range Artillery Sound Ranging: ‘PASS’ GR-8 Sound Ranging
Data,” ASL-TR-0027, March 1979.

Kennedy, Bruce W., and Jose M. Serna, “Meteorological Rocket Network System
Reliability,” ASL-TR-0028, March 1979.

Swingle, Donald M., “Effects of Arrival Time Errors in Weighted Range Equation Solutions
for Linear Base Sound Ranging,” ASL-TR-0029, April 1979.

Umstead, Robert K., Ricardo Pena, and Frank V. Hansen. “KWIK: An Algorithm for
Calculating Munition Expenditures for Smoke Screening/Obscuration in Tac-
tical Situations,” ASL-TR-0030, April 1979.

2. D’Arcy, Edward M., “Accuracy Validation of the Modified Nike Hercules Radar,”” ASL-TR-

0031, May 1979.

. Rodriguez, Ruben, “Evaluation of the Passive Remote Crosswind Sensor,” ASL-TR-0032,

May 1979.

. Barber, T.L., and R. Rodgriquez, “Transit Time Lidar Measurement of Near-Surface

Wmds in the Atmosphere,” ASL-TR-0033, May 1979.

. Low, Richard D.H., Louis D. Duncan, and Y.Y. Roger R. Hsiao, “Microphysical and Optical

Propemes of California Coastal Fogs at Fort Ord,” ASL-TR-0034, June 1979.

. Rodriguez, Ruben, and William J. Vechione, “Evaluation of the Saturation Resistant Cross-

wind Sensor,” ASL-TR-0035, July 1979.

Ohmstede, William D., “The Dynamics of Material Layers,” ASL-TR-0036, July 1979.

Pinnick, R.G., S.G. Jennings, Petr Chylek, and H.J. Auvermann *‘Relationships between IR
Extinction, Absorption, and Liquid Water Content of Fogs,” ASL-TR-0037,
August 1979. _

Rodriguez, Ruben, and William J. Vechione, *“Performance Evaluation of the Optical Cross-
wind Profiler,” ASL-TR-0038, August 1979.

Miers, Bruce T., “Precipitation Estimation Using Satellite Data” ASL-TR-0039, September
1979.

Dickson, David H., and Charles M. Sonnenschein, “Helicopter Remote Wind Sensor
System Description,” ASL-TR-0040, September 1979.

Heaps, Melvin, G., and Joseph M. Heimerl, “Validation of the Dairchem Code, I: Quiet
Midlatitude Conditions,” ASL-TR-0041 September 1979,

Bonner, Robert S., and William J. Lentz, “The Visioceilometer: A Portable Cloud Height
and Visibility Indicator,” ASL-TR-0042, October 1979.

Cohn, Stephen L., “The Role of Atmospheric Sulfates in Battlefield Obscurations,” ASL-
TR-0043, October 1979. _

Fawbush, E.J. et al, “Characterization of Atmospheric Conditions at the High Energy Laser
System Test Facility (HELSTF), White Sands Missile Range, New Mexico, Part
I, 24 March to 8 April 1977,” ASL-TR-0044, November 1979

Barber, Ted L., “Short-Time Mass Variation in Natural Atmospheric Dust,”
ASL-TR-0045, November 1979

Low, Richard D.H., “Fog Evolution in the Visible and Infrared Spectral Regions and its
Meaning in Optical Modeling,”” ASL-TR-0046, December 1979

Duncan, Louis D. et al, *“The Electro-Optical Systems Atmospheric Effects Library,
Volume I: Technical Documentation, ASL-TR-0047, December 1979.

Shirkey, R. C. et al, “Interim E.O SAEL, Volume II, Users ‘Manual,”” ASL-TR-0048,
December 1979.

Kobayashi, H.K., “Atmospheric Effects on Millimeter Radio Waves,”” ASL-TR-0049,
January 1980.

Seagraves, Mary Ann and Duncan, Louis D., “An Analysis of Transmittances Measured
Through Battlefield Dust Clouds,” ASL-TR-0050, February, 1980.

43

T

TR T




122,

123,

124.

125.

126.

Dickson, David H., and Jon E. Ottesen, “"Helicopter Remote Wind
Sensor Flight Test," ASL~TR-0051, February 1980.

Pinnick, R. G., and S, G. Jennings, "Relationships Between Radiative
Properties and Mass Content of Phosphoric Acid, HC, Petroleum 0il,
and Sulfuric Acid Military Smokes,” ASL~-TR-0052, April 1980.

Hinds, B. D., and J. B, Gillespie, "Optical Characterization of
Atmospheric Particulates on San Nicolas Island, California,”
ASL-TR-0053, April 1980.

Miers, Bruce T., "Precipitation Estimation for Military Hydrology,”
ASL-TR-0054, April 1980,

Stenmark, Ernest B., "Objective Quality Control of Artillery Com-
puter Meteorological Messages," ASL-TR-0055, April 1980.




