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FOREWORD

This report is one of several to be published from research conducted
under NASA Contract NAS8-26751 entitled "Reduction and Error Analysis of
the AVE II Pilot Experiment Data.'" This effort is sponsored by the NASA
Office of Applications under the direction of Marshall Space Flight Center's
Aerospace Environment Division. The results presented in this report
represent only a portion of the total research effort. Other reports will
be published as the research progresses. Previously published research re-
sults appear in NASA TMX-64877 entitled "Data for NASA's AVE II Pilot
Experiment, Part 1: 25-mb Sounding Data and Synoptic Charts."
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REDUCTION AND ERROR ANALYSIS
OF THE AVE II PILOT EXPERIMENT DATA

by

Henry E, Fuelberg®

Center for Applied Geosciences
Texas A&M University

I. INTRODUCTION

The pilot experiment for the second NASA Atmospheric Variability
Experiment (AVE IIP) was conducted during a 24-hour éeriod beginning
at 1200 GMT on May 11, 1974, and ending at 1200 G¥T on May 12, 1974,
Fifty-four rawinsonde statiomns took part in the experiment supported
by the National Aeronautics and Space Administration (NASA).  Rawin=
sonde souﬁdings were taken at 3-hour intervals during the period
which yielded a totai of 470 soundings. The names and locations ol
the stations taking part in the AVE II pilot expériment are given in
Fig. 1l and Table 1.

This report describes»the datakreduction techniques used to process
the original baseline, angle, and ordinate data, and presents an error
analysis of the final output. Cppies of ali computer programs used in

the reduction process are presented. Instructions for using the prbgrams

and sample output are given as well.

*Research Assistant, Center for Applied Geosciences, Texas A&M University.




;\4\’ \ ’ %5 stations participated
\ QA? 2. 0250 but only one is shown. O
\ Y i
i v:\) 4:3

Fig. 1. Rawinsonde stations participating in AVE II pilot
experiment.




Tavle 1

Rawinsonde Stations Participating in AVE IT Pilot Experiment

Station Number Location
11001 (MSF) Marshall Space Flight Center, Alabama
: 22001 (OUN) Norman, Oklahoma
. 22002 (FSI) Ft., Sill, Oklahoma
’ 22003 (LNS) Lindsay, Oklahoma
22004 (FTC) Ft. Cobb, Oklahoma
22005 (CHK) Chickasha, Oklahoma
201 (EYW) Key West, Florida
202 (MIA) Miami, Florida
208 (CHS) Charleston, South Carolina
211 (TPA) Tampa, Florida
213 (AYS) Waycross, Georgia
221 (VPS) Eglin AFB, Florida
226 (MGM) Montgomery, Alabama
: 232 (BVE) Boothville, Louisiana
? 235 (JAX) Jackson, Mississippi
; 240 (LCH) Lake Charles, Louisiana
248 (SHV) Shreveport, Louisiana
250 (BRO) Brownsville, Texas
255 (VCT) Victoria, Texas
260 (SEP) Stephenville, Texas
261 (DRT) Del Rio, Texas
265 (MAF) - Midland, Texas
304 (HAT Hatteras, North Carolina
311 (AEX) Athens, Georgia
3.7 (GSO) Greensboro, North Carolina
327 (BNA) Nashville, Tennessee
340 (LIT) Little Rock, Arkansas
349 (UMN) Monette, Missouri
363 (AMA) Amarillo, Texas
402 (WAL) Wallops Island, Virginia
405 (IAD) Dulles Airport, Virginia
425 (HTS) Huntington, West Virginia
429 (DAY) Dayton, Ohio
433 (SLO) Salem, Illinois
: 451 (DOC) Dodge City, Kansas
' 456 (TOPR) Topeka, Kansas
L 486 (JFK) Kennedy Airport, New York
Lo 494 (CHH) Chatam, Massachusetts
. © 518 (ALB) Albany, New York
§ 520 (PIT) Pittsburg, Pennsylvania
i 528 (BUF) Buffalo, New York
f : ©..532 . (PIA) Peoria, Illinois
553 (OMA) : . . Omaha, Nebraska

i RS . o 562.(LBF) . North Platte, Nebraska

|
i
|
1




N , Table 1 (Continued)

Rawinsonde Stations Participating in AVE II Pilot Experiment

Station Number Location
606 (PWM) Portland, Maine :
637 (FNT) Flint, Michigan
645 (GRB) Green Bay, Wisconsin
654 (HUR) Huron, South Dakota
655 (STC) St. Cloud, Minnesota
. 662 (RAP) Rapid City, South Dakota
} 712 (CAR) Caribou, Maine
: 734 (SSM) Sault Ste Marie, Michigan
747 (INL) International Falls, Minnesota
764 (BIS) Bismarck, North Dakota

‘\i\,_}p" et




IT. DATA REDUCTION PROCEDURES

The steps used to reduce the angle and ordinate data to a finished,
usable product are shown in Fig. 2. Each of these steps is described
in the following sections of this report. General features of the
programming language and the computer facilities used at Texas A&M

University are described in Appendix A,

1

A. Data Extraction

The original records for»all rawinsonde flights were forwarded to
the Marshall Space Flight Center where angle, ordinate,; and baseline
data were extracted from therrecerds and punched inté cards by
personnel from Texas A& University under the supervision of NASA

personnel.

A baseline card was punched for each sounding which contained
surface data and temperature and moisture calibraiion variables.
Table 2 gives the name and column location of all data on ﬁhe baseline
cards. TFigure 3 shows a sample baseline éard. The statiqn height was
generaily missing which was indicated by a field of nines in thé |

- appropriate columns.

A series of data cards containing 6fdinate information was punched
for each sounding. A typical sounding run ascended to about 20 mb and
contained aboﬁt 160 ofdiﬁate cards. A list of the data contained oa
an drdinate card>is given in Tabie 3, and a sample card is'shQWﬁ in
Fig. 3. Contact number and ﬁtessure were always indicated on' the
cards, but missing vélués-of ﬁemperature ordinate, humidity ordina:e,
or time were indicated by'fiiling the particular coluﬁns with nines.

Information for the cards was obtained from the original strip chart

- of the sounding and the pressure calibration chart for the individual
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Columns

1

3-6
§-11
13-18
20-23
25-28
30-33

35-38
40-43
45-47
50-51
53-54
56-57
59-62
64-68
72

Table 2

Basaline Dasa Cards

Variabla

GMD type.

Station elevation in maters.

Pressure contact number at the surfaca.

Surface pressure in millibars.

Surface temperature in degrecs Celsius.

Surface relative humidity in perecent.

Baseline temperature corresponding to. an ordinate
of 37.6 units. The temperature is always negative,
but the minus sign is omitted.

Baseline relative humidity at -40C and ordinate 46,
Surface wind speed in meters per second.

Surface wind direction in degrees.

Month of rawinsonde release.

Day of rawinsonde releasa.

Year of rawinsonde release.

Time of rawinsonde release in GMT.

Station identification number.

Angle identificr., A 'l' indicates that angle data
for the sounding run are given every minute while
a blank indicates that angle data are available
every 30 sec. This value was punched after the
cards were received at Texas A University.




0.0 20.0 170.5 _ ~ .05 12 74 0252 00208
, : ' ANGLE CARD

005 1000 70.0 23.0 000.3 05 12 74 0252 00208
' ‘ ORDINATE CARD

v

1 9999 04.2 1010.2 26.0 77.0 28.0 63.0 07.2 160 05 12 74 0252 00208
BASELINE CARD

Fig. 3. Sample baseline, ordinate, and angle cards.




Columns

1-3

5-8
10-13
15-18
20-24
50-51
53-54
56-57
59-62
64-68

72
73

Table 3

Ordinate Data Cards

Variable

Pressure contact number corresponding to the given
pressure,

Pressure at the given contact,

Temperature ordinate.

Humidity ordinate.

Time from rawinsonde release,

Month of rawinsonde releasea.

Day of rawinsonde release,

Year of rawinsonde release.

Time of rawinsonde release in GMT.

Station identification number.

A 'l' indicates the last card of the ordinate dack,
A 'l' indicates that either the temperature ordinate
or the time from release have been manually inter-
polated. This value was punched after the cards
wera received at Texas A&M University.
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sonde. If one wlshed to manually interpolate temperature ordinate or
time, this could be done, and by punching a 'l' in column 73, the Fact
would be indicated by an asterisk in the final output. Manual interc-
polation was rarely done, however. Interpolation schemes using the
reduction program are described in detail in subsequent sections of the
report. The date, time, and station number given in columns 50-68 are
sometimes erroneous due to mistakes in keypunching and should not be
relied upon by users, but this data is always correct on the baéeline
card,

Angle data for each sounding were punched on a separate deck of
cards. In wmost cases, angles were available every 30 sec by reading
them directly from the recorder charts, but in some instances, . either
at 0000 GMT or 1200 GMI, the rawinsonde operators recorded angles at
only l-min intervals., As shown in Table 2, this fact is indicated on
the baseline card., Table 4 describes the contents of the angle cards
while Fig. 3 shows a sample card, After investigation it was decided
not to perform manual smoothing or to manually check elevation angles,
but instead to do this by use. of the reduction program. Missing data
were indicated by nines in the particular columns. As was the case for
tha‘ordinate data, the sounding desctiptions given in columns 50-68
are sometimes erroneous and should not be used.

Aé angle and orﬂiﬁate decks were coﬁpletéd thékdéta were checked
for errors by NASA persommel by computing first differences on the
raw data. Errors were corréctéd as they were found; this was the

first phase of error checking,
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Table 4

Angle Data Cards

; Columns Variable

5 1-5 Time from rawinsonde release.

: 7-10 Elevation angle.

5 12-16 Azimuth angle.

i 50-51 Month of rawinsonde reléase.

: 53-54 Day of rawinsonde release.

; 56-57 Year of rawvinsonde release.

j - 59-62 Time of rawinsonde release in GMT.

! 64=68 Station identification numbarx.

: 72 A 'l' indicates the last card of the angle dack.
73 A 'l' indicates that some type of manual smoothing

was performed on the data at Texas A& University.

74 A 'l' indicates that the elevation angle was less

than some given quantity.
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B. Transfer of the Data to Tape

After the initial data check, the cards were forwarded to Texas
A&M University for further processing. A complete sounding deck
consisting of a baseline card, orxdinate cards, and angle cards was
created for each rawinsonde run. Care was taken to insure that
stations and times were correctly matched. 'he sounding decks were
then arranged according to increasing station identification number,
and within the same station by increasing time, in preparation for
transfer to magnetic tape.

A program was written to transfer the card decks to magnetic tape
and to create a "leader card" which would precede the baseline informa-
tion of each sounding. The "leader card" contains the date, time,
and station number of the sounding that was found in columns 50-68 of

the baseline card and also contains the total number of cards (recoxds)

for the sounding. This quantity enables one to quickly skip over a

completé sounding when using the tape. The format of the leader card
is given in Table S;Ibaseline, ordinate, and angle data on magnetic
tape have the same format as whén the data were on cards (Tables 2-4).
A copy of the'computér program and instructions: for its use are found
in Appendix B. .
A simple program was written to print the contents of the raw data

tape. A copy of,thé program along with instructions for its use are
found/iﬁ Appendix C, - The program simply reads each record and prints

the contents as they appeared on the origiual cards. The data list

predﬁéed_by the program proved valuable in later error cheéking

procedures,




Columns

[S2 38 (N ]

1=
L=

7-8
10-13
15-19
21-24

13

‘Tab! 5

Format of the ",Lceader Cards"

Variable

Month of rawinsonde release,

Day of rawinsonde release.

Year of rawinsonde release.

Time of rawinsonde release in GMT.
Station identification number.

Total number of cards (records) comprising the
sounding.
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¢. Master Reduction Program

This program was the most important in the data{reduction process
since it computed meteorological parameters for each pressure contact
from baseline, ordinate, and angle data that had been previously stored
on tape. A copy of the program is found in Appendix D along with
instructions for its use. The accuracy of the output is described in
Section ITIL. The program can be conveniently divided into several
 functional components as follows to facilitate its description; a
flowchart of the program is given in TFig. 4.

1. Program Initialization. The first section of the program

initializes the necessary arrays, defines functions to compute
temperature (RESIST) and virtual temperature (XVIRT), and defines
constants to be used in humidity determination (DATAC). All variables
that will be printed and transferred to magnetic tape as final output
are initially defined to be zero. The station roster containing the
station identification numbe:, elevation, latitude, longitude, and
name is read from data cards followed by the number of soundings to
process or skip., All of -the remaining data is read from magnetic tape.

2. Baseline Calibration., The first record to be read from tape

is the "leader card"‘described in Table 5. If one desires ‘to compute
consecutive soundings beginning with the first sounding, the informa-
tion ‘on the_"Ieader card" is not used; howéver, if one wishes to
caléulate cérfain soundings and skip others; the information is used
‘to read raw sounding data, skip the computation phase, “and then Begin.'

with the next '"leader card" until the desired station and time are
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located. The baseline data for the soun..ng to be computed are read
using the format described in Table 2. 3Baseline temperature constants
are set up at this stage for later use in computing temperature at
each pressure contact, Thée equations used in this section of the
program and the temperature computation section are identical to those
currently used by the National Weather Service (NWS) and are described

by Billions (1965). The baseline equations are reproduced here:

RTB = EXP E6.0082991 - 0.9966256 - LOGe(2-37.6£, - 48000.0, (1)
RK1l = TO + 273.15, (2)
o 1.0 _ 1.0 ‘

RM1 = 5.3018981 Q03 5 R1<1>’ (3)
Ry = S2:47991E- 3+J:(2 47991E- 3) -4.,0+5.89986E=5" RMlL and  (4)

£ 2.0-5,89986E=5 ?
_ 14000.0 , .. o .
RM3 = S EXP(RM2). | (5)

TO is the negative temperature corresponding to an ordinate of 37.6
ﬁnits; the value RM3 is used later.

Constants to be used later in humidity computation are avaluated
next, The,scheme used in this program is based on a procedure
described in IRIG Document 10&-72 published by the White Sands‘Missile
Range (1972). The 20 constants for humidity computation (HC1-HC20)

are based on the,followihg equations:

HCl = Gl + C2 + RHO ,
| e : 6)
HC20 = €39 + C40 + RHO | ‘
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Cl through C20 are constants determined by the type of humidity element
used in the sonde, while RHO is the baseline humidity at a temperature
of -40C and ordinate 46. The differences between the humidity
computation procedures of the NWS and this program will be described

in Section ITI-C.

3. Reading the Ordinate Data. The ordinate data described in

Table 3 are read from magnetic tape. Although pressure contact number
and the corresponding pressure are always available, time from release,
humidity ordinates, and temperature ordinates may be missing. Since
time at each pressure contact is necessary in the reduction scheme, a
linear interpolation procedure is used to agsign time where it is
missing. If interpolation is performed, a‘locator array (IORIN) is
used to mark this fact on the final output with an asterisk. Missing
temperature values are interpolated in a later section, but humidity

is not interpolated.

4. Reading the Angle Data. Most raw angle data were obtained
for 30-sec intervals, but at 0000 GMT and 1200 GMT, the data at some
stations were available at only l-min intervals (IIMIN = 1). In many
cases the 30-sec angle data did not begin at the time of release but
began at some time after release; therefore, the first angle record is
checked to determine if it begins at time = 0, If it does not begin
af time = 0, a iinear interpolation scheme is used to fill in the:
missing time, but the missing angles themselves are not interpolated.
The fact thatkinterpolation was péfformed would appear in the final

output as missing wind data. Once the angles are determined to begin
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at time of release, or after the missing times are interpolated back
to the time of release, the angles are read without use of the
procedure just described. This is possible because missing angle
times are not encountered at any place in the data except at the
beginning. The angles themselves may be missing, however,

No angle data on the tapes that was at l-min intervals failed to
begin at the time of release; therefore, no interpolation was necessary
for these data. The angle data are read at l-min increments and then
linearly interpolated to give values every 30 sec. This interpolation
process is indicated by a statement at the top of the output data for
that sounding.

5. Assignment of Station Parameters, This section matches the

station identification number of the sounding being computed with that
of a station number in the roster so that station elevation and name
are retrieved for further use. The subroutine MOPRT i; called at

this time to convert the numerical month of the sounding to the
aipﬁabetical name of the month. Also, azimuth angles for thé four
stations operated by the National Severe Storms Laboratory (22002~22005)
are mb&ified 180° to account for the different orientation of their

rawinsonde tracking device.

6. Temperature Computation, - Temperature at each pressure,contact

is determined by use of the following equations (Billions; 1965):

RE = EXP [}6.0082991-0.9966256-LOGe(2'TORD£] - 48000.0, €
- . RM3+RE : : G o
R4 = 106G, (73600,0) 2 o e 2 A8)
RK = 1.0 and M)

1.0/303.04%.6774E-4+R4+1. 1127855+ (R Z °
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TC = RK - 273.15 . | (10)

TORD is the temperature ordinate at the pressure contact while RM3 is
a result of the baseline computation (Eq. 5). TC is temperature in
degrees Celsius. If the temperature ordinate is missing at a
particular contact, the temperature is first defined to be missing and
then linear interpolation is used in a subsequent section to f£ill the
gap. The array IORIN is used to mark the location of this’interpolation
in the final output.

7. Computation of Other Thermodynamic Quantities. This section

computes thermodynamic variables at each préssure contact; relative
humidity is the firét quantity to be computed. If the humidity ordinate
is missing, all other moisture-reiated quantities at the contact are
defined to be missing, and potential temperature (PTK) is computed

according . to the equation:

1000.0 0.286
PTK = TK(—-ﬁ—LT) (11)

where P is pressure and TK is temperature in degrees Kelvin at the

contact. Virtual temperature is set equal to the ambient temperature

- when relative humidity cannot be computed. 'This equation and many of

the other thermodynamic equations to follow may. be found in texts such

‘as Hess (1959) and IRIG Document 108-72 (1972). If the humidity

. ordinate 1is given, relative humidityk(HP) is computed using the

procedure described in IRIGdecumént‘108-72 and given by:

HP = (HCLHC2Z'TP)X® + (HC3HiC4 TR)X® + ... + (HOL7+iC18-TR)X

+ (HC19+HC20-TP). , (12)
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The values of HC were obtained from the baseline calibration (Eq. 6);
TP is temperature at the contact in degrees Celsius while X is

defined by the equation

_ HORD-46

X 41 .

(13)

HORD is the humidity ordinate at the pressure contact. If relative
humidity is less than 5%, it and the other moisture variables are
defined to be missing and Eq. (ll) is used to compute potential
temperature., In this situation, virtual temperature is again set equal
to ambient air temperature, In some cases the procedure described
above for computing relative humidity gives values greater than 100%.
This could be due to improper baseline temperature or humidity
calibration or due to faulty sonde sensors. Minor errors in the
baseline data can lead to the computed supersaturations. The reduction
program truncates relative humidity to a maximum value of 100% for
use in further computations, but prints the computed value even though
it may be greater than 100%. Users may then decide what action to
take regarding use of the data.

The following equations are used to compute the remaining thermo-
dynamicuquantities based on relative humidity between 5% and 100%,

Vapof pressure in millibars (R):

B = 1D 0.0611(10)(7.5°TP)/(237.3+TP) ' (14)
Mixing ratio in gm/Kg (W):
- 623.0:E 15)

P-E
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The specific heat of moist air in cal gm"1 deg-1 (CP):

- + R -
CP = 0.24(1.0 + 0.84 + 7o) . (16)

The temperature of the dew point in degrees Celsius (TD):

237.3°LOGG(E)-186.527

™ = §.286-L0C_(E) . (17
The potential temperature of moist air in degrees Kelvin (PTK):
RD/CP
PIK = TK(%%%%ﬁa (18)

RD is the gas constant for dry air, namely 6.87E-2 cal gm-; deg .

Equivalent potential temperature in degrees Kelvin (EPOT):

EL-W/lOO0.0) (19)

EPOT = PTK * EXP ( T

where EL is the latent heat of vdporization at the lifting condensation
level of air at the pressure contact, and TSA is the approximate
temperature of air in degrees Kelvin at the lifting condensation level.
of air at the pressure contact, and TSA is the approximate temperature
of air in degrees.Kelvin at the iifting condensation level.  Virtual

temperature in degrees Kelvin (TV):

oy = K I | (20)

SRR =
l.Of(O.379'P)

8. Computation of Height at 30-sec Intervals. Height of the sonde

above ground leVel (YS) is computéd using the hypsometric equation:

= . TV, + TV B ‘ -
vs = syg + 2R o K KL (KD , (21)
; g 2 ’ e\ By , L
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where SYS is the height of the sonde at the preceding contact, g is
acceleration of gravity, and K and K-1 are the current and preceding
pressure contacts, respectively,

If there are less than ten angle observations for the sounding
being computed, winds are not computed. Quantities dependent on the
angles are then defined to be missing, and the program skips to the
printing section of the program,

1f there are more than ten angle observations, height of the
sonde is determined at 30-sec increments corresponding to the times
of angle observations. This is achieved by a linear interpolation of
height based on time from release which is common to both the height
and angle data.

9. Computation of Wind at 30-sec Intervals, Wind quantities are

computed every 30 sec until the angle data are depleted. 1If angle
data are not available at some time within the run, all quantities
that are angle-dependent at that cime.are defined to be missing. The
distance of the sonde frdm the station over a cur&ed earth (SC) is
computed using a érocedure by Danielsen and Ququet (1966). The

equation is:

sc = RAD |oos™ 1} |RSCIHETA) | qypy 22y

~HINT
1 + 34

where RAD is the earth's radius, THETA is the elevation angle between
the station and the sonde, and HINT is the height of the sonde above

ground level. . The X- and Y-locétion coordinates of the sonde, XS and
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ZS, respectively, are then easily determined from SC and the azimuth

angle of the sonde (AZ) using the equations:

XS

]

sc [smvazy] , and (23)

7S = SC [COS(AZ)] ) (24)

I

Wind direction and speed at the surface are read from the baseline
card; the east-west component (WWE) and the north-south component (WSN)
at the first level above the ground (30 sec after release) are obtained
by computing a forward difference of the sonde locations over a 30-sec

30). After this time, centered differences over a l-min

L]

interval (DT

I

interval (DT 60) are uged to obtain the components; in both cases

the following equations are used:

XS (X)~-XS (K~2)

wE(x-1) = X8 , and (25)

wsn(k-1) = ZEESIeD) (26)
The scalar wind speed is given by:

WS(K-1) = {[wwgm-m_‘}z + [wsmx-iﬂ 2} e 27)

Wind direction is obtained by first computing the valuc of A from the

equation:

A= {Tan? lm—m—g—K'll . 57.29578 (28)

WSN(K-1) :

Since division by zero is undefined, steps must be taken to insure that

this action is never attempted in Eq. (28). Therefore, the absolute
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value of WSN is never allowed to be smaller than 1.0E-5. After
computing A, the following quadrant corrections are applied to

determine wind direction:

WWE

W o . = ° .

1f 8 < 0 and WWE < 0;  DIR = 360° - A. (29)

1¢ W - 0 and WWE > 0; DIR = 180° - A. (30)
WSN ;

1f %g% >0 and WHE < 0; DIR = A + 180°. (31)
WWE . -

1f ¥ > 0 and WWE > 05 DIR = A. (32)

Finally, so wind direction (WD) is that direction from which the wind

is blowing, the fellowing corrections are applied:

D = DIR + 180°; (33)
If D> 360°, WD = D - 360°; but °* (34)
If D < 360°, WD = D. (35)

10,  Smoothing the Winds. A five point smoothing is performed on

the wind components preViously obtained at 30-sec intervals., The
smoothing process does not begin until the time from release that
corresponds to th2 sonde being 2.0 km above the surface, Once begun,

the smoothing process continues through the remaining time periods

‘except that if any one of the five values to be used in the smooth is

missing, no smoothing is performed at that time, and the original

components are retained. When smoothing‘is performed, the following

equations are used:




33

5 N
st = L [ﬁwa(x) - cn(@}, and (36)
K=1
1= 2 [rsnexy « opx). 37)
k=17

S1 is the smoothed east-west wind component, and S2 is the smoothed
north-south wind component. The values of CD are the following

binomial smoothing coefficients:

cp(l) = 0,06,
cp(2) = 0.25,
cp(3) = 0,38,
CD(4) = 0.25, and
cp(5) = 0.06.

ihe new components are used to determine a new wind difection and
speed as was done in Eqs. (27-35). A locaﬁor array (IASM) is used to
indicate wﬁich values have been smoothed, and the array IEP is used

to indicate which wind values have been based on elevation angles less
than 9°,

11, Interpolation of the Smoothed Winds to. Pressure Contacts.

Thus far the ordinate and wind data have been treated independently;

 the former were computed for pressure contacts which are approximately

0.5 min apart nearwéﬁe surface and Uprto 1.5 @in apart near the tops‘
of typical soundings (20 mb). The latter weré compu ted af O.S-min
intervals and then smoothed. Since time from release is common to’both
sets of dati, it isuéOSSiﬁleitd interpolate the smootﬁéd winds and i

assign values to times corresponding to the préssure contacts. The X

~and Y coordinates of the sonde are first linearly interpolated and used
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to determine the range and azimuth angle of the sonde location. This
is done in a manner similar to that of computing wind direction and
speed except that coordinates and not wind components are used in this
section. Wind components at the pressure contacts are determined by
interpolation of the smoothed components which are then used to compute
wind direction and speed at the contact according to Eqs. (27-35). 1If
either of the two values used for linear interpolation is missing, the
interpolated quantity is defined to be missing, and if either Value‘
has been smoothed or based on an elevation angle less than 9°, the
interpolated quantity is defined to be smoothed and/or based on a low

elevation angle, respectively.

12, Printing the Results. This section of the program writes the
results on paper and magnetic tape. Before doing so several last
mingte items are handled. Station elevation is added to the sonde
heights above ground level which were used in wind computation. In
the event that wind quantities became missing and could not be inter=-
» polated before the last ordinate Qalue, the winds at these levals are
defined as missing. Arrays showing the location of temperature inter-
polation, wind smoqthing, and . low elevation angles are defined to

print an asterisk or blankkinstead of a 1 or a 0.

| " Data for 45 pressure contacts are printed per page in addition to
yfhe headings; A~description of the column headings is given in Table 6
and a sample of the output is shown in Fig. 5. Station identification

number, along with the date and time of release of the sonde are given

at the top of the page. 1If angle data were available éVery minute
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Table 6

Column Headings for Output from the Master Reduction Program

TIME (MIN)
CNTCT
HEIGET (GPM)

~PRES (MB)
TEMP (DG C)
DEW PT (DG .C)

DIR (DG)

SPEED (M/SEC)

U COMP (M/SEC)
V COMP (M/SEC)

R T (DG K)

E POT T (DG K)
MX RTO (GM/KG)
RH (PCT)

RANGE (KM)

Az (DG)

Time after balloon release.
Contact number.

Height of correspondivng pressure surface in
geopotential meters.

Pressure in millibars,

Ambient temperature in degrees Celsius.
NOTE: An asterisk indicates that time from release
and/or temperature were linearly interpolated.

Dew point temperature in degrees Celsius,

Wind direction measured clockwise from true north
and is the direction from which the wind is blowing.

Scalar wind speed in meters per second.
NOTE: ‘An asterisk indicates that wind quantities
are based on an elevation angle that is less than 9°,

The E-W wind component, positive toward the east
and negative toward the west,

The N~S wind component, positive toward the north
and negative toward the south,

Potential temperature in degrees Kelvin.

Equivalent potehtial temperature ‘in degrees Kelvin,
Mising ratio in grams per kilogram. ‘
Relativé,humidity in percent,

Distance balloon is from release point along a

‘radius vector.

Direction toward balloon measured clockwise from
true north, :




STATICN N« 522
PEORIA, ILL

11 . MAY 1974

2315 GMT 156 260 O

TIME CNTCT HEIGHT PRES TEMP DEW .PT DIR SPEED U ComMp vV COMP - POT T EPOTY MX . RTC RH RANGE - A2
MIN. GPM. 4B GG C 06 € DG M/ SEC M7/SEC M/SEC 06 K 0G K GM/KG PCTY KM 0G
0.0 6.5 - 200.0 98145 19.4 1041 290.0 Sel 4.8 ~-1.7 265.2 316.4 8.0 55.0 0.0 0.
C.1 7.0 $239.5 . 977.0 18.8 9e 2 308.0 11.8 9.3 -7.3 294.9 314.9 7.5 53.7 0.3 1l4.
0.4 8.0 33647 96640 18.6 9.3 308.0 11.8 9.3 -7.3 295.6 316.1 7.7 54.8 0.3 114,
0.8 9.0 434.9 955.0 17.5 8.6 306.6 - 11l.2 9.0 —~6.7 295.5 315.2 Te b 55.7 0.5 120,
1.0 10.0 524.7 945.0 16.5 T.6 305.5 10.7 8.7 6.2 295.3 314.0 7.0 55.8 0.6 1224
1.3 11.0 64245 922.0 1545 5.7 3i3.7 10,9 T.9 -7-£ 295.3 313.2 6.6 55.5 0.8 122.
1.7 12.0 733.9 . 922.0 14.5 5.7 316.8 10.9 7.5 -7.9 295.2 312.1 6.3 55.8 l.C 126,
2.1 “13.0 826.0 912.0 13.7 6.9 287.5 10.0 8.8 4.6 295.3 313.8 6.9 6346 1.3 130,
2.3 14.0 918.8 902.0 12.3 542 267.1 11.3 11.3 0.6 294.8 311.4 6.2 6147 1.4 128,
2.1 15.0 1012.2 892.0 11.7 ha'h 24649 15.6 14.3 6.1 295.1 311.0 5.9 60.5 1.6 117.
3.0 16.0 1125.4 880.0 10.8 3.4 24€.3 16.5 15.1 6.6 295.2 310.4 S.6 60.2 1.8 105.
3.4 17.0 1220.6 870.0 9.9 2.5 265.7 12.0 12.0 0.9 - 295.2 309.6 S¢3 60.2 2.1 104.
3.7 18.0 1316.6 860.0 8.9 1.6 273.2 11.3 11.3 ~0.6 295.1 308.9 5.0 60.1 2.3 103,
4.1 19.0 1413.4 850.0 7.8 1.5 274.8 11.5 1l.4 -1.0 295.0 308.7 5.0 641 2.6 102.
4.4 20.0 1510.9 840.0 T«1 0.9 221.6 11.5 11.4 -=1.5 295.2 308.5 4.9 64.3 2.8 10t.
4.8 21.0 1629.1 828.0 - 5.1 =0.4 278.9 11.7 1l.6 -1.8 294.9 307.2 4e5 6445 3.1 L0l
5.2 22.0 1718.5 819.0 5.0 -0.3 279.17 11.7 11.6 -2.0 295.1 307.7 4.6 68.2 3.3 101.
5.4 23.0 1818.7 809.0 442 ~142 280.3 11.5 1L.4 -2.1 295.2 307.2 4.3 68.0 3.5 1CL.
. 5.8 24.0 191%9.9 799.0 3.7 §-rE £81.8 1.1 11.9 -2.5" 295.5 302.9 2.6 41.9 3.8 101.
L 6.2 25.0 2012.0 790.0 4eS =226 280.9 13.4 13.2 -2.5 297.1 299.5 0.8 11.8 4.1 101.
6.5 26.0 213645 77840 45 =22.6 278.8 14.7 14.6 -2.3 298, 4 300.9 0.8 11.8 4.3 tcCl.
- 6.8 27.0 2241.7 76840 4a2 -22.8 21641 14.0 13.9 ~1.5 299.2 301.6 0.8 11.8 4.6 101,
7.2 28.0 2337.4 759.0 3.7 ~23.2 272.1 13.3 13.3 ~0.5 299.6 302.0 0.8 11.9 4.9 100.
7.5 25.0 2434%.1 750.C 3.3 ~23.4 - 26%.0 13.1 13.1 0.2 300.3 302.7 0.8 11.9 5.1 100.
7.8 30.0 254241 740.0 2.3 =241 26643 13.2 13.1 0.8 300.3 302.6 0.7 12.0 5.4 99.
8.1 31.0 263044 732.0 2.0 -24.3 263.9  13.4 13.3 1.4 300.9 303.2 0.7 12.0 5.6 99
8.5 32.0 27541.0 722.0 0.7 ~2542 26147 14.0 13.8 2.0 300.6 302.8 0.7 12.2 5.9 198.
8.8 33.0 2841.6 71340 0.2 =25.6 260.4 14.7 14.5 2.4 301.2 303.3 0.7 12.2 6.1 97.
9.1 34.0 293147 705.0 -1.1 ~2645 25849 15.4 15.1 3.0 300.7 302.7 0.6 12.4 6.4 96.
9.4 35.0 303441 696.0 ~1.6 ~26.8 256.9 16.0 15.6 3.6 301.3 303.2 0.6 12.4 6.7 G6.
9.7 36.0 316046 685.0 =247 =276  254.5 16.6 16.0 4.4 301.4 303.3 0.6 12.5 7.0 95.
10.1 37.0 3265.3 676.0 -3.0 —-27.8 251.4 17.3 16.4 5.5 302.2 304.1 0.8 12.6 1.3  94.
10.4 - 38.0 3371.2 667.0 ~4.2 ~28.7 249.4 17.9 16.8 6.3 302.0 303.7 0.5 1247 T.6 93,
10.7 39.0 346601 £59.0 -5.0 -29.3 247.3 18.9 17.4 7.3 302.2 303.8 0.5 . 12.8 7.9 92.
1l.1 40.0 3574.1 650, 0 ~S5e6 ~29.7 244.3 20.5 i8.5 8.9 302.7 304.3 0.5 12.8 8.3 9l.
11.5 ~ 41.0 3695.5 640.0 -6.C ~30.0 240.8 22.4 19.6 11.0 303.5 305.1 0.5 12.9 8.8 69.
11.8 ' 42.0 3793.9 632.0 =645 -27.8 237.9 23.3 15.8 12.4 304.1 306.1 [+ 2% 16.4 9.2 88.
12.0 43.0 3905.8 623,90 -T.4 ~27.1 236.2 24.0 9.9 13.3 304.3 306.5 0.7 18.9 9.5 87.
12.3 44,0 4006.5 615.0 ~Te2 ~24.1 235.1 24,2 19.9 13.9 305.7 308.5 0.9 24.5 9.8 85.
12.9 45.0 4108.4 607.0 ~Ta7 ~22.1 235.7 25.3 20.9 14.3 306.3 309.7 1.1 30.2 10.5 - 83.
13.2 46.0 4211.5 599.0 ~8.6 ~21.7 236.9 256.5 22.2 14.5 306.4 310.0 1.1 33.5 10.9 82.
13.6 47.0 4315.6 591.0 —-9.6 -2241 238.1 2845 24.2 15.1 306.4 309.9 l.1 34.9 11.6 8&1l.
13.9 48.0 442049 583.0 —9.4 -23.4 238.1 30.1 25.6 15.9 307.8 310.9 1.0 30.9 12.1 79.
14.3 49.0 4527.17 575.0 ~9.4 —25.1 23&.8 32.1 26.R 17.6 309.0 311.8 0.9 2646 12.8 78.
0.9 27.4 13.5 77.

146.7 50.0 4635.9 567.0 -9.7 ~25.0 234.3 33.9 27.5 19.7 309.9 312.7

Fig. 5. Sample output from the master reduction program.
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534.0
521.0
518.0
510.0
503.0
496.0
4R8.0
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~-18.0
-18.6
~20.0
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=22.3
-23.2
~2%.1
~25.3
—26.0
—26.8
=27. &
=28.1
~29.0
-29.3
=30.1
~31l.1
-31.5

~31.6

~32.2
-32.0
~33.2
=344
=35.2
=364
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=37.&
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DEW PT
BG6 C

=2S.1
=22.9
~-27.0
-34.0
=34.5
=35.2
—35.8
—-35.8
=36.2
-36.7
~37.5
~38.3

© -38.8

-39.5
~40.3
~41l.1
~42.1
~42.8
~43.5
“~4%.4
44,9
~55.5
~4641
~%645
~4742
~4T.4
~48.0
~48.9
-49.2
~49.5
4947

=49.6 -

-50.5
~S5te4
~52s1
~53.0
-53.4
~53.9
~54.7
-55.2

99.9

99.9 "

99.¢
99.9
93.3

STATICN NC. 532
PEQRIA. ItL

LL way 1974
2315 GMT

oIR SPEED U COMP - V COWP

DG M7 SEC M7SEC M/SEC
231.4 35.5 27.8 22.2
229.4 36.5 27.7 23.8
227.5 36.9 27.2 24.9
226.4 36.3 26,3 25.0
226.1 35.6 25.6 24.7
22641 33.6 24.3 23.3
227.3 33.2 24.4 22.5
22B.8 33.4 25.1 22.0
230.0 33.9 25.9 21.8
231.2 33.4 26.1 20.9
232.5 32.7 25.9 19.9
233.4 32.4 26.0 19.3
234.5 33.t 26.9° 19.2
235.3 35.1 28.9 20.0
236.1 ar.0 30.7 20.7
23e.7 38.3 32.0 21.0
237.4 38.6 32.5 20.8
238:2 38.2 32.5 20.2
234.8 37.9 32.5 19.6
239.5 37.7 12.5 19.2
239.3 37.3 32.5 19.3
238.2 38.0 32.3 20.0
237.0 38.8 32.6 2.1
236.0 40.3 33.4 22.6
235.1 42.4 34.8 24.2
234.3 44.5 36.1 25.9
232.6 43.9 34.9 26.6
230.0 41.4 .7 26.6
227.3 39.2 28.8 26.6
225.2 39.6 28.1 27.9
225.0 %3.3 30.6 30.6
224.8 45.9 3z.3 32.6
222.8 46.3 32,1 33.5
222.8 45.3 30.8 33.2
222.2 %4.7 30.0 33.1
222.6 46.3 3.4 34,1
222.6 45.0 33.1 36.1
222.4 50.1 33.7 37.6
219.1 49.6 31.3 5.4
216.0 47.2 27.8 38.2
214.6 6.7 26.5 38.4
21445 50.5 28.6 51.6
215.5 55.2 32.1 45.0
215.9 58.5 14,3 57.%
215.7 SB.4 34.1 47.5
Fig. 5. (Continued)
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0.9
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0.3

[»]
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STATICN NC. 532
PEORIA, ILL

11 ™Ay 1974

) 2315 GMT ‘ 156 260 O

TIME CNTCT HEIGHT PRES TEMP DE® PT- ~ DIR SPEED U camp v caoMp POT T EPOT T MX RTO RH RANGE AZ
MIN GPM B 0G C 56 C 06 M/ SEC M/SEC M/SEC 0BG K 0G K GM/KG PCT KM 06
33.2 96.0 10169.0 263.0 ~44,3 99.9 Z14.4 S4.6 30.8 45.0 335.3 999.9 99.9 999.9 58.0 S4.
33.5 97.0 10323.3 257.0 ~45.4 99.9 213.7 52.7 29.2 43,8 335.9 999.9 99.9 999.9 59.4 S3.
34,0 98. 0 10454. 0 252.0 ~45.5 99,9 213.4 53.2 29.3 44,04 336.1 999.9 99.9 999.9 59.5 53.
34,3 99.0 10586.6 246740 ~4Tas 99.9 212.8 52.8 28.6 4404 336.1 999.9 99.9 999.9 61,2 52,
34.8 100.0 1069442 243.0 ~48.5 99.9 210.3 48.6 266 42.0 336.8 999.9 99.9 999.9 62,8 52.
35.3 101.0 10858.3 237.0 =498 . '$9.9 2G3.1 44.3 20.9 39.1 337.2 999.9 99.9 999.9 6441 Sl
35.8 102.0 109975 222.0 - -S0.€ 99.9° 2l1.2 4T.40% 2446 40.5 337.6 99%.9 99.9 999.9 64.8 Sl.
36.3 :103.0 11110.7 228.0 -51.1 59.9 216.5 55.2* 32.8 L) 338.9 999.9 99+9 999,.9 6644 Sl
36.5 104.0 11254.8 '223.0  =51.4 7 99.9 218.3 58.5% 36.2 45.9 340.6 999.9 99.9 999.9 67.4 50.
36.9 105.0 11401.5 218.0 -53.1 99,9 215.5 56.0% 35.6 43.2 340.2 999.9 99«9 999.9 68.8 50.
37.3 10640 . 113529.5 214.0 -54.4 95.9 21%.9 50.3%* 32.2 38.6 340.0 999.9 99.9 999.9 70.1 S0
37.8 107.0 1166142 210.0 =55.2 99.9 22G.3 45.0% 29.1 34.3 340.6 999.9 99,9 999.9 7.2 50,
38.2 108.0 L17£4.0 206.0 -55.0 99.9 221.1 44.3% 29.1 33.4 34247 999.9 99.9 999.9 12.2 50.
38,7 . 109.0 1185746 203.0 =55.5 99.9 22Z.2 44, 1% 29.6 32.7 343.4 999.9 99.9 999.9 13.7 S0.
39.2 110.0 12016.4 158.0 =56+0 99.9 223.5 39.9* 27.4 28.9 34541 999.9 99.9 999.9 75.1 49.
39.8 111.0 12212.0 192.0 =56.3 99.9 225.2 31.5% 22.3 22.2 347.6 999.9 99.9 999.9 T 4 49.
40.1 112.0 12380.0 187.0 =55.2 99.9 225.0 28.4* 20.1 20.1 352.1 999.9 " 99.9 999.9 77.0 4S.
40,5 113.0 12483,.5 - 184,0 -54.4 99.9 222.8 27.3* 18.6 20.0 355.0 999.9 99.9 999.9 TT.1 49.
40,8 -1114.0 12624.2 180.0 =541 99.9 220.6 29.0%* 18.9 22.0 356.7 999.9 99,9 999,9 TT7.8 &9,
41.3 L15.0 1276841 176.0 ~54.5 99.9 219.0 31.3= 19.7 24,3 359.3 993.9 9%.9 999.9 78.8 49.
41.9 116.0 12952.0 171.0 -36.0 99.9 220.7 32.9* 21.5 24.9 359.9 999.9 99.9 999.9 79.9 49,
42,3 117.0 i3102.1 167.0 -57.1 99.9 223.7 34,7 24.0 25.1 360.4 999.9 99.9 999.9 80.6 49.
43.0 118.0 13216, 17 164.0 ~57.¢ 99.9 229.2 40.5% 30.7 26.5 361.4 999.9 99.9 999.9 82.4 49.
43,7 119.0 1237341 160.0 -56,3 99.9 234.9 39.,5% 32.3 22.7 366.2 999.9 99.9 999.9 84,1 49,
44.3 120.0 13534.¢ 156.0 -54.4 99.9 241.8 27.1% 23.9 12.8 372.2 ° 999.9 99.9 §99.9 85.5 49.
6449 121.0 135658.9 153.0  -54.,7 99.9 250.3 l4.6% 13.7 4.9 373.7 999.9 99.9 999.9 86.1 49,
45.3 122.0 - 12827.9 1649.0 =56.0 99.9 250.9 11.3* 10.7 3.7 374.3 999.9 99.9 999.9 86.3° 49,
45.8 123.0 12956.9 146.0 -57.1 99.9 245.8 12.1* 11.1 5.0 374.5 999.9 9949 999.9 86.3 49.
L 46s2 12440 14087.9 143.0° -58.5 99.9 241.6 16. 1% 14.2 T.6 37404 999.9 99.9 999,.9 86,7 49,
46.7 125.0 14265.9 139.0 -59.5 99.9 238.1 24.0% 20.4 12.7 3715.6 999.9 99.9 999.9 87.3 SO0.
47.4 126.0. . 14%48.3 135.0 -60.2 99.9 2317.6 3E.6* 30.7 19.5 377.6 999.9 99.9 999,.9 88.7 50.
41.9 127.0 - 14588.,1 - 132.0 -6l.1 99.9 242.9 35.38* 31.9 16.3 378.4 999.9 99.9 999.9 8.7 50.
4B.4 128.0 7 14779.3 128.0 =61l.1 59. S 256.1 25.6% 24.8 6.2 381.8 999.9 99.9 999.9 91.5 50.
49.0 129.0 14926 .4 125.0 -61.5 99.9 273.8 18.8* 18.8 -1.2 383.7 999.9 99.9 999.9 90,7 50.
C49.4 130.0 15026.% 123.0 =51.5 99.9 263.6 22.9* 22.8 2.6 385.5 999,.9 99.9 999.9 91.4 50.
50.1 131.0 15283.8 118.0 -61.5 99.9 2564 23.2% 22.6 St 390.1 959.9 99.9 999.9 92.8 51.
50.6 132.0 . 154%3.9 115.0 -60.2 99.9 2T74..4 11.3+ 11.3 ~0.9 395.13 999.9 99.9 999.9 93.6 Si.
51.1 133.0 15608.6 112.0 -6£0.8 99.9 356.0 7.2* . 0.5 -T2 397.3 999.9 99.9 999.9 93.4 S1.
51.6 134.0 1577742 109.0 - +561.5 99.9 351.6 S.t* - 0.8 -5.3 399.0 999.9 99.9 999.9 92.6 S1l.
52.2 135.0 15949.8 106.0 =62.6 99.9 25449 1t.8* 1l.4 3.1 400.1 999.9 99.9 99949 92.8 51.
52.8 136.0 16127.4 103.0 -61.3 99.9. 260.¢6 16.7 16.4 2.7 405.9 99949 99.9 999.9 93.8 5l.
53.5 137.0 16373.4 99.0  -6l.1 99.97  289.1 14.06 13,7 -4.9 410.9 999.9 99.9 999,.9 942 52
54.3 133.0 16564.5 ‘Y6.0 -5l.1 99.9 - 27l.1 15.0 15.0 ~0.3 414.5 595.9 99.9 999.9 94.5 S2.
54.9 139,00 16829.4 92.0 -60.2 99.9 255.8 14.0 13.6 3.% 421.3 999.9 99.9 999.9 95.0 52.
0.9 430.1 999.9 99.9 999.9 95.7 S2.

5547 140.0 17037.3 89.0 -57.8 99.9 260.5 5.2 5.1

Fig. 5. (Continued)




STATICN NQ. 532
PEQRTA. ILL

EL MAY 1974

2315 GMT 156  26. O

TIME CMICT. . HEIGHT PRES TEMP DEW PT DIR SPEEN 1 CoMP v COupP POT T EPOT T MX RTO |H RANGE AZ
MIN GPM. MB 06 C 9 C DG. M/SEC M/SEC M/SEC 26 K DG XK GM/KG PCY KM DG
Sbe% 141.0 - -¥T253.9 8640 ~57.1 99.9 - 283.2 2.5 2.4 ~Q0.6 435.7 999.9 95.9 959.9 95.5 52.
5742 142.0 174781 83.0 -58.2 99.9  .247.8 8.7 8.1 3.3 43B.1 999.9 99.9 $99.9 5.7 52.
58.0 143.,0 . 17789.5 7940 . =57.6& 99.9 255.8 9.5 Gt 1.7 445.4 999.9 99.9 999.9 96.3 52.
5848  144.0 18034:6 76.0 = —56.3 99.9 259.9 7.5 T4 1.3 453.1 999.9 "99.9 999.9 967 53,
597 145.D 18290.4 73.0-. =56.3 99,9 235.5 6.1 5.0 3.5 458.4 999.9 99.9 999.9 96.8 53.
60.5 146.0 1855648 T0.0 -36 .5 99.9 226.9 7.5 5.5 5.% 463.6 399.9 9.9 999.9 97.6 53.

S &1.4 0 147.0  18835.2 67.0 . ~56.C 99.9 . 247.9 IL.7 10.9 4ot - LT70.5 999.9 99,9 999.9 $7.4 S3.
£2.3 148,00  19126.4 64,0 . —56.2 §9.6 257.1 16.7 15.4 6.5 4T6.3 999.9 99.9 9599.9 98.6 53.
£3.3 149.0 - 19431.5 61.0 ~5643 99.9 33.6 11.% -643 -9.5 482.5 999.9 99.9 399.9 99.1 53.
54.3 150.0 ~ 19751.3 SBe0 [ ~57.C 99.9 36.4 6.4 -3.8 -5.2 488.1 9959.% 99.9 999.9 97.7 S53.
65.2 151.0.. 20087.3 55.0 —=57.3 99.9 238.8 13.5 11.6 7.0 494.8 999.9 99.9 999.9 %8.1 33,
66.3 152,07 20441.9 52.0 7 =57.3 5949 240.5 9.0 7.8 4.4 502.8 999.9 99.9 999.9 29,3 S53.
ATe4 153,00 20819.6 49.0 -55.0 99.9 144.1 1.5 -0.9 1.2 S16.58 299.9 %9.9 999.9 39.8 53.
&8.6 154.0 . 21224.3 45,0 . =534% 99.9  268.8 3.7 3.7 0.1 528.9 999,.9 39.9 999.9 99.2 353.

© 6948 155.0° 21658.0 43.0. =53.3 99.9 32.3 4.5 -2.4 ~-3.9  540.8 995.9 99.9 999.9 99.3 53,
T TY.l 1560 21964.2 4L.0 . =54.1 99.9 92.3 2.9 -2.9 0.t 5646.2 999.9 99.9 999.9 99.1 S3.
72.5 15740 22454.6 38.0- ~5L.6 99,9 551 4.3 ~4,0 ~2.8 - 56%.5 399.9 99.9 995.9 99.0 S3.
74.0 15B.0. 22987.6 35.0 ~=52.2 $9.9 Siel 5.0 ~-3.9 -3.1 5T6.4 999.9 99,9 999.9 98.2 53.
T5.% . 159.0 - 23568.2 32.0 . =51,7 99.9 32.6 7.6 ~4.1 ~6.% 532.6 999.9 99.9 999.9 97.8 532.
17.3 16G.0  .24205.7 - 2940 -52.4 99.9 58.2 19.4 -16.5 -10.2  607.8 999.9 99.9 999,9 97.5 53.
99.9 99.9 959.9 630.1 999.9 99.9 999.9 999.9 999.

7902 16L.00 24913470 2600 =51.3 1 99.9  999.9

Fig. 5. (Continued) -

6€
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(IIMIN = 1) instead of every one-half minute (IIMIN = 0), a statement
to this effect is printed next., The three numbers in the upper
right-hand corner are ffom left to right the number of pressure
contacts printed, the pressure at the highest contact, and the value
of IIMIN. Missing data are indicated by printing nines in the

é appropriate columns, The data transferred to magnetic tape are

described in Table 7.

D. First Differences of Contact Data

A program was written to compute first differences of the output
from the master reduction program in order to locate errors which had
not been detected when first differences were computed on the raw data.
A copy of the program is given in Appendix E. The program reads the
soﬁnding identification data and the contact data from magnetic tape
and then computes first differences of each quantity except pressure
contact number. If one of the valués is missing, the first differeqce
value is also defined to be missing;rvalﬁes marked with an asterisk in
the contact data are also marked by an asterisk in the first difference
program. Results from the first difference program are printed in the
same formatvas the resﬁlts from the master reduction program; a sample
is shown in Fig. 6; Values printed at each contact are first
differences except for pressure contact itself where the forward contact
nuﬁber is printed. The output from the program was scanned viéﬁaily
to locate possible errors. Actuél errors were éoriected by use of

the following program.
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Table 7

Data Transferred to Magnetic Tape

Quantity Dimension
' Station identification number None
Station name 7
Day of rawinsonde release None
Month of rawinsonde release (IX, IY, IZ) None
Year of rawinsonde release | None
Time of rawinsonde,feleaseg ; None
Number of pressure contaété in sounding None
Minimum sounding pressure None
Angle time identifier (I1MIN) None
Time after balloon release 230
Contact number 230
Height of pressure surface 230
Pressure 230
Temperature » 230
Interpolation indicator , 230
a Dew point temperature | - 230
. | Wwind direction | | 230
Scalar wind speed | 230
5 | Elevation angle indicator | 230
é E-W wind componént ' : - B ' ) 230
é N-S wind component o 230
% Potential tempéfétu;e; ‘ e : 230
§ Equivalent potential temperature S 230 :
. Mixing ratio 230
: . Relative humidity - | 230
Range of balloon S R o 230

Direction of balloon S ‘ 230
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; - $2FIRST CIFFERENCES*¥ STATICH NQ. 532
. o : ; PEQRLA, ILL

11 %Ay 1974
231% GMT 156 26. 0 ~
S

TIME CNTCT HEIGHT PEES TEMP DEW PT DIR SPEED U caMp v coup POT Y EPOT T MX RTQ RH RANGE A2
MIN : GPM M3 06 € DG C 06 ‘478t C M/SEC M/SEC DG K DG K GM/K LT Km GG
0.3 97.0 154.3 ~§.0 =1l.1 9%9.9 ~-0.7 ~1.9 ~l. & =12 G.6 999.9 99.%9 999.9 le4 =-0.
G.5 $3.9 130.7 ~5.0 ~1.1 99. ¢ —0s3 0.5 0.1 0.6 0.2 999.9 9%.9 999.9 G.1 ~-1.
0.2 <9.0 122.6 -5.0 -1s2 $9.9 -0.7 ~0.5 -0.8 -0.0 -0.0 999.9 99.9 999%.9 1.7 ~C.
0.5 100.0 1057.6 ~4.0 ~0.€ 99.9 —-2.5 —4.1 4.0 2.4 0.7 999,9 99.9 999.5 1.6 =-0.
0.5 1ni.0 164.1 -6.0 -1.3 59.9 —2+2 -46.3 -3.7 —2.9 0.4 999.9 99.9 99%.9 1.2 -1,
0.5 10zZ.¢ 139.2 ~=5.0 «1.C $9.9 3.1 3.1% 3.7 1.4 0.5 9%9.9 9%.9 9995 0.7 -0.
0.5 103.0 113.2 4.0 ~0.3 99.9 5.2 T.8% 8.2 3.9 1.2 999.9 399.9 99%. 6 1.6 =0.
0.2 104.0 144.1 -5.0 -0.2 99.9% 1.8 33> 3.4 1.5 le.7 999.9 99.9 993,.9 1.1 -0.
0.4 1u5.0 146.7 -5.0 ~1.7 99.9 1.2 —2.4% —0.6 -2.7 gV PR 1g9g,9 99.2 999.9 ls4 ~Q.
0.4 105.6G 119.0 -4.0 ~1e3 $9.9 0.4 ~5.87% -3:4 ~4 .6 -0.1 299,9 99.9 9939.¢ 1.3 -=0.
8.5 1u7.0 120.1 ~4%.0 ~-0.8 99.9 0.5 —5.2% -3.1 -4.3 0.5 999.9 99.9 999,96 1.1 -0.
0.4 1t8.0 L 122.8 ~4a0 . 0.2 99.9 0.7 ol P ~C.0 -0.9 2.1 599.9 99,9 999.¢ 0.9 -0,
0.5 1e%.0 29348 -3,0 0.5 $9.9 1.1 ~0.2" 8.5 ~0.7 0.7 $99.5 99.9 999.,9 1.5 -0.
0.5 110.0 158.8 ~=%.0 -0.5 %9.9 i.4 ~h 2% =2.1 -3,8 1.7 959.9 39.9 999.,9 1.4 -0.
0.6 1lL.D 195.6 =640 =043 99,9 1.7 ~8.4% ~5a.1 =647 25 999.9 59,9 959.9 1.4 -0.
0.3 112.0 168.0 ~5.0 i 96+ 9 ~0Ua.1 -3.0% ~2.2 ~Ze1 4e5 999.9 99.9 999.9 043 a.
0.4 113.0 103.4 -3.0 0.8 99.9 -2.3 -1.1% =1.6 ~0.0 2.3 999.9 9949 929.9 0.1 G,
D3 114. 0 146. 7 ~4.0 ~0.3 99.9 ~2.1 1.7* 0.3 1.9 1.7 969.6 9G. 9 99949 0.7 =D,
0.5 115.0 143.8 ~440 0.2 9%.9 =l.7 2.3% 0.8 2.3 2.6 999.9 99.9 999.9 1.0 -0.
0.6 1146.0 183.9 ~5.,0 =144 $9.9 l.8 1.7¥% 1.8 Q.6 0.6 999.9 99,9 G96.9 1.1 ~0.
B4 117.0 150.2 ~4.0 ~1l.2 99.9 3.0 log¥ 2.5 U2 0.5 599.9 99.9 994 ,% 0.7 =0
0.7 113.0 114.¢ ~3.0 ~0.5 99.9 5.5 5e8% 6.7 l.4 1.0 999.9 99.9 999.9 1.7 -0.
. 0.7 119.0 156.3 —2.C 1.3 99.9 5.7 -1.0% 17 ~3. 4.8 999.9 99.9 9%9.9 1.7 C.
0.6 120.0 1&1l.5 ~4.0 1.5 99.6 6.9 ~1Z.4» —-8.5 ~9.9 6.0 $99.9 99.9 99% .59 1.5 [¢38
8.5 121.0 124.3 ~3.0 ~0.3 $9.9 8.5 =~12.5% -10.1 -7.9 1.5 959.9 $9.9 $65.¢ N5 Oa
Ou4 122.0 169.0 ~440 -1s3 99.9 0.7 ~3.3% -3.1 ~1.2 0.3 999.9 99,9 994.% 0.2 0.
0.5 " 1213.0 129.0° ~3.0 -1.2 59.9 ~5.1 Q. 5% 0.4 1.2 0.2 999.3 9,9 99S.4 ~0.0 Ce
0.4 124.0 . 131.0 ~3.0 -f.3 $9.9 —4.2 4. 0% 3.1 2.7 -0l 999.9 99.9 999.9 [ P Q.
0.5 125.0 . 178.0 ~440 ~1.0" 99.9 -3.5 1.9¢% 6.2 5.1 1.2 959.9 $9.9 99%9.% 0.5 O.
0.7 125.0 182.4 -4,0 -0.7 $%.9 =0.5 12.4% 10.3 6.3 1.9 999,9 99.9 999.9 1.3 0.
0.5 127.0 139.9 -3.0 ~0.9 99.9% S.4 0.t 1.2 -3.2 6.9 959.9 99.9 999.9 lal 0.
c.5 128.0 191.1 =450 0.0 $9.9 13.1 ~10,2% ~Tel -10.1 3.3 99v.9 99.%9 99G.5 i.8 (18
0.6 129.0 147.2 -3.0 ~0.4 95.9 17.7 —b.T% ~6.0 7.4 1.9 999.9 99.9 999,9 ~0.8 0.
0.4 134.0 100.0 ~2.0 0.0 99.9 -10.2 4a.1% 420 3.8 1.8 959+ 9 99.9 99%.% 0.7 Q.
0.7 131.0 257.3 =-5.0 G.0 99.9 —-7.1 C.3¥ -0.2 2.9 4.6 299.9 99,9 99G.9 1.4 0.
0.5 32.0 165.1 -3 1.2 99.9 18.0 ~11.9% ~11.3 -56.3 5.2 959.5 9G.9 999.9 0.8 [+ 1%
0.5 1330 6647 -3,0 -0.5 99.9 8l.6 —5.1% -10.8 5.6 2.0 999.9 99.9 899S9.9 ~0.2 0.
0.5 134.0 ©168.6 ~3.0 ~0.7 99.9 ~b.4 ~1,9% 0.3 1.9 17 999.9 59,9 99%.5 —0.8 0.
0.6 135.0- 172.6 ~3.0 —~lal 99.9 ~96.8 6ik® 10.6 8.4 1.1 999.9 99.9 €99.9 0.2 0.
Oeb 13640 1776 . =3.0 1.3 99.9 5.7 4,97 5.0 -0.3 5.7 $59.9 59.9 99S.9 1.0 0.
0.7 137.0 245.9 =4.0 0.2 99.9 29.1 -2.1 2.7 ~T+b 540 999.9 9%.9 999.9 0.4 D
0.8 133.0 191.1 =3.0 0.0 99.9 ~18.5 0.5 1.3 beb 3e6 999.9 99.9 9999 C.3 O.
0.6 139.0 264.9 ~-4.0 0.5 $9.9 =15.4 -1.0 ~1l.s4 3.7 58 99%.9 99.9 999.9 0.5 0.
0.8 140.0 207.9 =340 264 99.9 4.7 ~8.8 -8.5 ~2.6 8.8 999.9 9%.9 99%.9 0.7 0.
Ga7 141.0 21646 ~3.0 0.7 99.2 2247 2.7 =27 ~1le4 5.6 999.9 99.9 99949 =-0.2 [ 2%
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®*F[RST CIFFERENCES®® STATICN NC. 522
: PEORI2, ILL

11 “AY 1374
2315 GMT 156 26. O
TIvE CNTCT HEIGHT PRES TENP DEW PT C1IR SPSER U Come v CIMP POT T E PCT T MX RTH RH RANGE &%
MIN ‘ GPM MB DG C 0G ¢ DG M/SEC M/SEC M/SEC DG X DG K GM/KG pCT KM G
U8 142.0 22441 ~3.0 ~1.0 G9.9 —-35.4% 5.2 5.6 3.9 2.4 999.9 99.9 996.9 C.2 0.
J.8 143.0 I1l.4 ~4.0 0.5 99.9 12.0 0.8 1.3 =1l.6 7.3 999.9 99.9 999.9 0.6 0.
0.8 144.0 245.1 -3.0 1.3 99.9 0.0 =2.0 ~2.0 =044 7.7 999,9 99.9 999.9 Q% 0.
G.9 145.0 255.8 -3.0 0.a 99.9 —-24.4 —t.% 2.4 2e1 Se2 999.9 99.9 599.9 0.l Ce
0.8 146.0 2664 -3.0 ~-0.2 99.6 ~8.5 L& 0.4 1.6 5.2 995 .9 99.9 9%9.9 0.8 0.
[P 147.0 278.3 -3.0 0.5 99.9 21.0 L2 Se& =07 69 999,9 99.9 959.9 -0.2 -0.
Q.9 143.0 291.3 -3.0 —-0.2 99.9 ~0.8 Sair 445 2.1 5.8 995.,9 99.9 999.9 1.2 0.
l.O¢ 149.9 305.0 -3.0 -0.2 99.9 =213.5 =5.3 —21.7 ~16.0 6.2 999.9 99.9 993.9 0.5 Ce
1.0 150.0 319.8 =-3.0 -0.7 99.9 2.8 ~5.0 2.5 4.3 5.5 959.9 99.9 999.9 ~le% 0.
0.9 i5t.0 336.0 ~-3.0 ~Ue3 99.9 202.% 7.1 15.4 12.2 6.7 969.9 99.9 999.9 0.3 Q.
1.1 152.0 354.6 —-3.0 0.0 99.9 1.7 —4.6 ~3.8 ~2e6 8.7 999.9 99.9 99949 1.2 0.
1l 153.0 3717.7 - =3.0 2e3 G99 ~-96 .4 -71.5 -8.6 =3.2 14.0 $99.9 959.9 5559 0.6 .
1.2 154.0 404547 c =3.0 1.1 99.9 7 124.7 2 4.5 ~1.1 12.1 999.9 99.9 959.9 -0.6 -Q.
1.2 1£5.0 433.7 -3.0 0.6 99.9 =236.5 0.9 ~6el —3.9 i1le8 999,99 99.9 955..9 0.1 0.
1.3 156. 0 30642 -2.0  -0.8 99.9 58,9 =17 il P 4.0 5«5 969.9 99.9 999.9 -0.1 -0.
1.4 157.0 490.4 = =3.0 2.5 S9.9 -37.1 2.0 =il.1l =2.9 18.3 399.9 99.9 9%9.9 =0.1 -0.
1.5 158.0 533.0 ~3.0 -0.& 99.9 ~4 a0 0.1 Oal 0.3 1l.8 999.9 99.9 599.9 -0.8 .
1.7 159.0 580.6 =340 0.5 $9.5 ~1845 2.% ~0.2 ~3.3 16.2 999.9 39.9 959.9 ~0.4 G.
1.6 160.0 637.5 -3.0 ' PY 99.9 25.6 11.8 ~L2+% ~-3.8 15.2 999.9 29.9 999.9 ~0e2 O.

Fig. 6. (Continued)
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E. Correct Erroxrs on Tape

Many errors in the baseline, apgle, and ordinate data were found
after output from the first difference program was examined. Since
most soundings contained at least one error, a program was written to
substitute correct data records for incorrect ones, A copy of the
program is presented in Appendix F. The originéi data were read from
tape; the corrections were read from cards; and the corrected data
were then transferred to a second tape. Three types of cards were
needed to make the corrections. The first card spegified the number
of records to be corrected within the given sounding. If no corrections
were needed, the data were simply transferred from the first tape to
the second tape ﬁithout modification. If corrections were néeded, a
second card was read for each correction that specified the location
of the record to be corrected. This location was determined by manually
counting down to the error on the raw data listing. For example, an
error may be located on the fifth record of thevsounding. Finally, a
corrected data card with the original format foilowed each error
location card. If corrections were needed in a sounding; the program
read each record from thé original tape and transferred it to the new

" tape until the location corresponding to the correction was reached;
then the corrected card was substitu;éd for the old record, and this
was transferred to tape. The prqcess continued until ail correctioﬁs
to the éounding had been madeiaﬁd all recofds of the original tape had

been transferred to the new tape.
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F. Master Reduction Program Using Corrected Data

Since many corrections were made to the original data, it was
decided to recompute each sounding using the master reduction program
described in Section II-C. No changes were made in the program or the

type of output produced.

G. Interpolation of Pressure Contact Data to 25-mb Increments

Meteorological charts are frequently plotted for constant pressure
surfaces; therefore, a program was written to interpolate the output
from the master reduction program onto surfaces that are 25 mb apart,

A copy of the program is found in Appendix G, and a flowchart is

given in Fig. 7. The program assigns all of the surface values to
‘level one (I = 1) of the new arrays (B and IB) and then linearly
interpolates quantities to 25-mb pressure surfaces from 1000 mb (I = 2)
up to 25 mb (I = 41)., Since pressure contacts used in interpolation

are oﬁly about 12 mb apart near the surface and 3 mb apart near the

top of'the sounding, it is possible to use 1ineér interpolation

instead of logarithmic fnterpolation.‘ If the particular 25-mb level
does not lie between the surface pressure value and the minimum pressure
at thektop of the sounding, the data for that 25-mb,pressure surface
~are.defined to be missing;:'Sincé wind directibn may oscillate around
360°, care must be taken to guard against fictitious directions. If
daté needed in»the interpolation of a quantity are missing5.the inter-
poléted qqanﬁity is also defined to be missing, and if quahtities marked
by>an'asﬁerisk are used]intfﬁe interpdlation process, they‘ére also

marked by an asterisk in the output of this program, A sample of the




48 f
BEGIN .

READ NO,
OF SOUNDINGS
TO
PROCESS

v

INITIALIZE
S p | OUTPUT
L ARRAYS

/  READ
SOUNDING
{ DATA

7

-‘ASSIGN SFC.
VALUES TO
LEVEL 1

>

7

PRESSURE

SURFACF, P,
SET IO

10C0 MB

()

Y
J

P . N
LESS THANS YES ;

LOWEST FRESS, OF

[ | . OUNDING? ‘ , :
e RTINS ‘ ', I ' . ’

FIND INTER-~
POLATION
FRACTION, DP

Fig. 7. TFlowchart of the program to convert pressure contact data
to 25-mb increments,




INTERPOLATE
A PARAMFTER
T0 P

USE SPECIAL

49

TNTERPOLATED
7

NO

INDICATE
STARRED
VALUES

Fig.

S XES _ SIPROCEDURE TO |—f>
INTERPOLATE
WIND
SET PRESS.
EQUAL TO t
[NTERPOLATION |
PRESSURE
A |
VALUES
MISSING?
YES
\4
PRINT
4 9's
1 <} TN\ <,\
ALL
PARAMETERS




50

, ‘ ; MORE
2 SOUNDINGS?

B
L
£
b
P

Fig, 7. (Continued)

0 S R e s b s e e s i s el




51

output is presented in Fig. 8 where the column headings are the same
‘as those described in Table 6, The results of the interpolation
program are transferred to magnetic tape in the same order as described
in Table 7, except items which had a dimension of 230 now have a

dimension of 50.

H, Errors Remaining in the Output

In spite of efforts to correct all efrors in the final output,
some remaining errors haVe been detected. Since the errors are few
in number, and since another pass through the data would be a lengthy
and costly process, these errors were not cﬁanged. They are listed |
in Appendix-H along with the necessary steps to correct each of them

where possible. Missing soundings are listed in Appendix I.
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ITI. - ERROR ANALYSIS OF THE DATA

‘Accuracy of meteorological data is an important consideration in
its use. This is especially true when small-scale temporal and spatial
features are being studied since these features may have ampiitudes
which approach the limit of accuracy of the data. The accuracy of
data is dependent on several factors ==- the type of equipment being
used at a station, the reduction procedures used to process the data,
human factors in calibrating and tracking the sonde, and handling the
data. Current estimates of errors in the input data will be given in
this section along with a discussion of how these errors affect the
final product of the master reduction program and the program to

interpolate data to constant-pressure surfaces.

A. Stated Accuracy of the Thermodynamic Data

1. Temperature. Case (1962) adopts a root-mean-square (rms) error
of 0.7C based on laboratory determination, while Weidner and Chambers
(1967) believe that a value of 1,4C is more realistic operationally.

Hodge and Harmantas (1965) found rms differences between military and

NWS sondes to be about 0.5C under field conditions. It is believed that

t¥ms errors in the AVE IIP temperature data are approximately 1G.

2, Pressure, Radiosondes are calibrated after manufacture so that

each pressure contact on ‘the baroswitch corresponds to a certain
atmospheric pressure, By comparing baroswitch pressures with those
obtained hydrostatically using radiosonde temperatures and balloon

heights measured by a high precision radar, Weidner and Chambers (1967)
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found that’baroswitch errors are generally small. The rms errors
were determined to be approximately 1.3 mb from the surface to 400 mb,
1.1 mb from 400 to 100 mb, and 0.7 mb between 100 and 10 mb., These
errors are considered representative of the AVE IIP datd.

3. Humidity. A carbon strip element is used now as the humidity
sensor in radiosondes. Case (1962) reports an rms error of 10% in the
sensor. The current specifications for the carbon element are +37% at
25C, +5% at temperature less than 25C plus an allowance for hysteresis
of #% above a value 33% relative humidity, and +5% at humidities between
10% and 33% (Brousaides, 1973). Brousaides concludes that use of
carbon humidity data at values below 20% is unwarranted except for the
trend information that is provided. AVE IIP humidity data are thought
to ‘be genérally within 107 of the true values.

4, Pressure Altitude. Altitude of the sonde is determined by

use of the hypsometric equation in which pressure, temperature, and
humidity are variables. Errors in temperature, however; are the
greatest source of error in height deterﬁination. The worst possible
situation arises when temperature errors are systematically of the same
sign through great depths of the atmosphere. Table 8 shows the height
error at various pressures due to a systematic temperature error of 1C.
These errprsvare larger than would be expected in-the AVE IIP data
inésmuch as thé erroré in'temperature generally are of both signs.

Scoggins and Smith (1973), based on a study of AVE I data, concluded

that realistic rms errors in pressure altitude are on the order of 10

™




Table 8

Errors in Altitude Due to a Systematic Temperature
Error of 1C

Pressure Al titude

mb gpm

50 87.7
100 67.5
200 47.1
300 35.3
400 , 26.8
500 20.7
: 600 15.3
i 700 10,7
800 6.7
900 3.1
1000 ' 0
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gpm at 500 mb, 20 gpm at 300 mb, and 50 gpm at 50 mb. An analysis of

the AVE TIP data suggests comparable errors.

B. Accuracy of the Wind Data

The AVE IIP wind data were computed in several stages beginning
with finite differencing over l-min intervals each 30 sec. These
“"raw'" winds were smoothed, and the smoothed wvalues were then inter-
polated to pressure contacts. The accuracy of the "raw" wind data will
be described in detail, but the effects of smoothing and interpolation
on accuracy must be described in more general terms.

1. Accuracy of the "Raw'" Winds. Scoggins (1963) developed a

statistical technigue for evaluating errors in wind data that will be
used in this section. If F is a function of X, Y, and Z, and if these
are in error by AX, AY, and AZ, then F is in error by an amount AF

which is given by the Taylor's series as:

_ OF OF OF
AF = 53 OX + 353 MY + 52 02 . | (38)

The equation is valid if AX, AY, and AZ are small compared with OF/8X,
:BF/BY; and OF/dz; it was assumed that all terms involving squares,
higher powers, and cross products of AX, AY, and AZ are negligible,
and‘that higher‘deriVatives are small in value. Aftér>squéring Both
sides of.Eq,-(SS)"and replacing each term by its average value, the
»followiﬁg equation is obtained when one assumes that errbrs in'X, Y,

and Z are independent:

2

_@dF 2, 3F .2 BF .2 e |
% =G tG&yo%) TGy - - G9

 The symbol o denotes rms error.

et
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Radar or radio direction-finding equipment is used to measure
azimuth and elevation angles of the balloon while the hypsometric
equation is used to determine its height., For the purpose of this
discussion, a flat earth will be assumed although this was not done in
the actual reduction process described earlier. The X, Y, and Z

coordinates of the balloon are given by:

X =2 coT(E) SIN(A) (40)

Y = Z COT(E) COS(A) (41)
. ' p

z = B oo (2 | (42)
g e\ p,

where Il is elevation angle, A is azimuth angle, R is the gas constant,

g is acceleration due to gravity, T* is mean virtual temperature, and

Py and p, are pressures at two levels. Errors in X, Y, and Z can then

be evaluated by use of Eq. (39). The assumptions made are that errors

in B, A, E*, and p are independent of each other, and that errors in
each parameter are normally distribﬁted. Results from the AVE I angle
data, recorded at 6-sec intervals, indicate that there is some systematic
component to the elevation angles at values bélow 10°*, but generally

the above assumptions are thought to be valid for the AVE IIP data

which was recorded at 30-sec¢ intervals, Errors in Z are mostly due to

errors in temperature and not errors in pressure or moisture, Applica=«

tion of Eq. (39). to. Eqs. (40-42) yields:

%Personal communication with Mr. W. W. Vaughan, Chief, Aerospace

Environment Division, NASA Marshall Space Flight Center; Huntsville,
Alabama, 35812,
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o’ = Erz-corcﬂ)-st(Aﬂz + cE-z-cscz(E)-szmA)]?‘
+ [cA-Z'COT(E)-COS(A] 2 (43)

oo

v ° E)‘Z'COT(E)-COS(A_)] 2 + SE‘Z-CSC‘Z(E)‘COS(AJZ

Q
|

+ EQA-Z'COT(E)°SIN(A5-2 » and (44)
6.2 = (o Riog oLy2 (45)
Z T g e p2

It is generally assumed that GA = UE = 0.05° for the GMD-1 used in the

AVE IT pilot experiment (Danielsen and Duquet, 1966); however, Weiss
and Georgian (1969) indicate that these values are not equal, are
larger than those generally assumed, and greatly dependent on elevation

angle. A value of 1C is assumed for O If one assumes that A = 90°,

the value of GX will be a maximum, while if A = 0°, the value of GY is

a maximum. The rms error of wind speed components wa and Gwy is given

by
: 1.
[Giz + "il] i o
dwx = = X - , and (46)
‘ X
022 + "‘21] ’
e v 47

where subscripts 2 and 1 refer to consecutive measurements. These

. . L . 2. .2 2 2 .
quatlons can be simplified by assumlng Oy = 0&1 and qu _>Gy1’ Whlch

is reasonable over short time periods. The '"raw'" winds computed by

the AVE IIP reduction program are based on angle measurements that are
60 sec apart (At = 60). Finally, the rms error of the scalar wind (G,v’)

-

is given by:
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T = [rtz + 02 :]% . (48)

vl WX wy

o, is a maximum at either 0° or 90°,

Figure 9 shows the results of the computations at various eleva=-
tion angles and pressures; heights used for corresponding pressure
values are those of a standard atmosphere., RMS errors increase with
increasing height and with decreasing elevation angle., Maximum rms
errors for AVE IIP data at 700 mb range from about 2.5 m/sec at an
elevation angle of 10° to about 0.5 m/sec at an elevation angle of 40°,
At 500 mb the errors are 4,5 m/sec and 0.8 m/sec at the same elevation
angles; while at 300 mb the errors are 7.8 m/sec and 1.0 m/sec,
respectively. Users of the data should remember that these values are
maxima since the azimuth angle was assumed to bhe either 0" or 90°,

These errors of the "raw! wind are in agreement with those cited
for the AVE I data by Scoggins and Smith (1973 ). Data published by
the Air Force Missile Test Center (1963) are also in good agreement
with those of the AVE II pilot experiment. RMS vector errors were given
as a Euncti;n of altitude and constant mean wind speed through a layer,
By assuming an ascent rate of l,OQO ft/min, the eievation angle of the
sonde at each altitude could.be déterﬁineda RMS vector errors for an
elevation angle of 12,5° are plotted on Fig. 9. The results agree well
with the AVE IT results. ResUlté by Reiter (1963), giVen in Fig. 9
for an elevation angle of 10°, are also consistent with those of the
AVE- T bilnt experiment.  The errors cited by Reiter are bésed on a time

intecrval of 2 min and an ¢rror in angle measurement of 0.075°.
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When 6 is small, sin 6 R tan 6; therefore, rms errors in wind

direction (0 dir) may be approximated by:

(6)
~ =1 wy ,
Oqip ~ SIN (,V‘ . : (49)

where |V| is the scalar wind speed. Since the error is dependent on
the azimuth angle of the sonde, maximum errors can be given by making
A = 0°. Results for the AVE IIP data are plotted as a function of
pressure and elevation angle in Fig., 10. At 700 mb the scalar wind
speed is assumed to be 15 m/sec, while at 500 mk, 3u0 mb, and 100 mb,
it is assumed to be 20 m/sec, 25 m/sec, and 20 m/sec, respectively.
Errors for other geometric conditions and wind speeds would be different.
The errors increase with decreasing pressure and decreasing elevation
angle. Errors in AVE IIP wind direction at 700 mb range from about
9.5° at an elevation angle of 10° to about 1.3° at an elevation angle
of 40°. At 500 mb the errors are 13.4° and 1.8 at the same elevation
angle, while at 300 mb the errors are 18.0 and 2.5, respectively. If
the azimuth angle at 300 mb were 90° instead of 0°, the rms error would
be 2.4° at an elevation angle of 10°, The results are in agreement
with those cited for the AVE I data by Scogginé and Smith (1973), and
those obtained oy personal commﬁnication with Mr. W. W. Vaughan of

NASA - Huntsville, Alabama. If one assumes tﬁat the rms vector errors
given by the Air Force Missile Test Center (1963) are maximum errors,

the maximum rms direction error will be given by:

=1 Uvect' ’
Tgir é‘TAN‘ (—Tvri) . (50)
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pressures. Results at 12,5° are based on data
supplied by the Air Force Missile Test Center
(1963). :
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, RMS errors for an slevation angle of 12,5° are given in Fig. 10 for
the same scalar wind speeds that were used previously. Good agrezment
can be seen between these values and those cited for the AVE ILP data.

The results presented above are not strictly valid when angle
data are available at only l-min intervals. These angle data are
interpolated to 0.5-min intervals which constitutes a smoothing process
on the input values., The degree of smoothing is dependent on the angle
profile, but generally, the accuracy statements made earlier are still
applicable,

In conclusion, it may be.stated fhat the rms errors cited above
for the "raw'" winds are in general agreement with those obtained from
other sources and are highly dependent on balloon location and ambient
wind speed,

2. Accuracy of the Smoothed Winds. Figure 11 shows '"raw'" wind

speed plotted as a function of time from release for Eglin Air Force

Baée, Florida at 1200 GMT on 11 May; 1974. In this example elevation

angles ranged from 16° shortly after release to 30° near the top of the

sounding. The figure indicates many small-scale variations in wind

speed that become more appareﬁt with increasing altitude. While some

of these variations are iﬁdeed mesoscalevmeteorological phenomena,; many

are simply due to inaécuraéies in’thé angle data which were truncated

to the nearest 0.1° at 30-éec intervals. It was felt desifable to

smoothbthese winds sb,that very small-scale features would,be suppresséd.
.V”Raw” wind speeds for Rapid City, South Dakota at OBdQIGMT on 12

i ~ May, 1974 are shown in Fig. 12 where the elevation angle ranges from




Time From Release (min)

90 L

70+~

50 -

40 -

30

20

10t

Elevation Pressure
Angle
<T">’ 30°
c

. 50 mb
| | 20° |
100 mb

;/ 300 mb

500 mb

. 800 mb
16°

5 10 15 20 257 30 35 40 45 50
- Wind Speed (m/sec)

Fig. 1l. ' "Raw'" wind speeds at Eglin Air Force Base, Florida
: © at 1200 GMT on 11 May, 1974. ‘




65

90}~ Elevation  Pressure
f Angle
80§~ (,,.)
Z_, a
—~ 10*
lg .
560#— 50 mb
v S -
g9 ~ §.0°
o —é
gSO*— - : 100 mb
g e 7.0°
P = —— :
g 401 [
(B -
; - ——— , a
, : ~— 6.5
i 30} . o | - = — ) 300 mb
: 7 X m—— g° ‘
o _ 10°
| 500 mb
1o ; 15°
— ' 20° 850 mb
0 1 gg;;r. i ] { 1 L 1 i i i 1 ) i L |

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
Wind Speed '(m/sec)

Fig. 12.  "Raw" wind speeds at Rapid City, South Dakota at
: 0300 GMT on 12 May, 1974, : ‘




66

about 20° near the surface to 6,5° at about 40 min after release to
12° near the top of the sounding. The wind speeds are observed to
become very erratic at elevation angles below about 10° with most of
these fluctuations undoubtedly being non-meteorological in nature.
Similar results were obtained in the AVE I data when elevation angles
were less than lO°.* Danielsen and Duquet (1966) found that errors
in the elevation angles increase to 10 and 15 times the generally
accepted rms error of 0.05° when the elevation angle is less than 10°,
They concluded that the increase in error was due to the inability of
the tracking unit to discriminate between direct and ground~reflected
or refracted signals. Some method of smoothing is clearly needed to
suppress the large oscillations in wind speed associated with low
elevation angles.

Several smoothing techniqueé were investigated in order to find
a procedure which would perform the types of smoothing needed, be
practical from a programming and cost viewpoint, and lend itself to
error analysis procedures: Smoothing the angle databy least square
polynomial fitting was considered, but results obtained when this
procedure was used on AVE I .data were not satisfactory according to
personal communication with NASA personnél. The application of

smoothing functions to the elevation angles and finite differencing

over larger time intervals were considered but not used.

~*Personal communication with Mr. W. W. Vaughan, Chief, Aerospace

Environment Division, NASA Marshall Space Flight Center, Huntsville,
Alabama, 35812,
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It was finally decided to apply 5-point binomial coefficients to
the '"raw'" wind components that were obtained at 30-sec intervals, and
then to recompute scalar wind speed and direction using the smoothed
components., The response function for the 5-point weighted average is
shown in Fig. 13. Changes in speed with a frequency higher than 1 cycle/
min are completely eliminated by the smoothing process while events of
lower frequency are smoothed to a lesser extent. For example, 81% of
the amplitude of changes in speed with a frequency of 1 cycle/5 min
would be retained by the procedure, and 25% of the amplitude of changes
in speed with a frequency of 1 cycle/2 min would be retained. Assuming
an ascent rate of 1000 ft/min, this means that 817% of the measured
ghear in a 2500-ft layer of the atmosphere would be retained by the
smoothing technique, and 257 of the measured shear in a 1000-ft layer
would be retained. Angle data were available at 0.5~min (approximately
500-ft) intervals. Based on an analysis of the wind data, it was
decided not to begin the smoothing process until the balloon was 2.0 km
above the ground. Figure 14 shows the results of the smoothing process
which for purpose of illustration was not begun until 23 min after
release. A comparison of Fig; 11 with Fig; 14 reveals the effect of
smoothing. The accuracy of the smoothed winds is greater than that of
the original winds although an exact comparison of the accuracies cannot
be made.

3. Accuracy of Pressure Contact Winds. Smoothed wind components

at 0.5-min intervals were interpolated on the basis of time from release

“to correspond to data given for the pressure contacts. New scalar wind
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speeds and directions were then computed. Near the surface, pressure
contacts occur at approximately 0.5-min intervals so that no great
amount of smoothing is involved in matching the winds with the contact
data. At higher altitudes, the difference in time between successive
pressure contacts increases so that at 200 mb the difference is about
0.6 min, at 50 mb about 1.0 min, and at 25 mb about 1.5 min. At these
higher levels, more and more smoothing is involved in the interpolation
process. Figure 15 shows the results of the interpolation process on
the smoothed winds in Fig. 1l4. The added smoothing due to the larger
time interval between pressure contacts is evident near the top of the
sounding. This is not undesirable because the elevation angle generally
decreases with altitude causing poorer quality wind data.

Figure 16 shows the results of smoothing and interpolation to
pressure contacts of the wind speeds shown in Fig. 12 where the
elevation angle becomes as low as 6.5°. A great improvement is evident
although there are still fluctuations with periods of several minutes
and amplitudes of several tens of m/sec. Figure 17 shows a time series
of wind profiles for Topeka, Kansas, in which the minimum elevation
angle for each profile decreased from 10.1° at the first time period
to 6.8° at'the last time period. Major features of the wind field can
be tracked with time in spite of the decreasing elevation angle.

Figure 18 reveals the same tracking capability in cases of higher
elevation angles. Instead of resorting to even more powerful and
éomplicated smoothing techniques, it was decided to mark wind vélues'

on the output with an asterisk if they were based on an elevation angle
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that was less than 9°. This action seems justified based on Figs. 17
and 18 and the accuracy of data presented earlier for winds based on
low elevation angles. Users can then determine their own use of the
particular plece of information. Xt sﬁould be noted that there are
relatively few soundings which contain elevation angles as low as those
described in Figs. 12, 16, and 17,

The accuracy of the AVE IIP (average) wind data on pressure contacts
is greater than that stated for the "raw" winds because of the added
smoothing and interpolation of this stage. In addition, errors cited
for the "raw" winds were maxima for the stated elevation angles and
pressure surfaces,

4. Accuracy of the Winds at 25-mb Intervals. Linear interpolation

was used to obtain winds at 25-mb intervals., The winds being interpolated
had previously been smoothed and interpolated to pressure contacts as
described earlier. The accuracy of the winds is similar to the values
Eited p  .lously.

C. * Comparison of AVE IIP Results with that Obtained by the National
Weather Service

It is desirable that the results of the AVE IIP reduction pfocess
be compatible with those obtained by the National Weather Service sé
that, if‘required, data from both soufces may be used interchangeably.
' This section will not seek to demonstrate the superiority of either
féduction procedure although the breésure contact fesults'that are‘
derived ffom AVE IIP data contain fér more information than that

received from the NWS. Figures 19-21 contain sounding data processed

o
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Fig. 20, AVE IIP and National Weather Service soundings for Flint,
Michigan at 1200 GMT on 11 May, 1974. The minirum antenna
elevation angle was 12.0°,
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by the AVE II procedure and data that is transmitted nationally over
teletypewriter circuits by the NWS. Figures 22-35 show constant-pressufe
charts obtained from either AVE IIP data or NWS data for the 850-, 700~,
500-, 400-, 300-, 200-, and 100-mb levels for 1200 GMT on 12 May, 1974.
The two sets of figures will be the basis of comparison between the two
methods of data reduction.

1. Temperature Comparisons. The temperature computation scheme

used in AVE IIP is the same as that currently used by the NWS and
previously described in Section II-C of this report. A comparison of
Figs. 19-35 reveals a very close agreement between the two sources of
data, The similarity is especially evident in the three soundings.

" 2, Humidity Comparisons. The procedure used by the NWS for

computing humidity is somewhat different from that used in AVE IIP
(Section II-C). The NWS system uses a baseline ordinate corresponding

to a relative humidity of 50% after the baseline data has been locked

in on their evaluator. Their reduction equations make use of constants
in all computations with the constants being derived from the baseline
check. Separate equations, depending on wilether kigh or low ordinate
values are encountered, afe used in the evaluation process. Different
procedures are used By the NWS to evaluate the dew point temperature
askwell. The NWS procedure sets humidity at 20% if the computed value

is less than 20% while the AVE IIP procedure outputs the computed valﬁe
down to a vélue nf 5% where it is théﬁ defined to be missing. Dew point
: depressién is set at 30G at relatiVe Humidities lower than 20% in the |
NWS prdcedure while the AVE IIP scheme computes’values until. the relative -

humidity is below 5%.
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Fig. 22. 850-mb chart for 1200 GMI on 12 May, 1974 using AVE IIP
" data. ' R ’
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Fig. 23, 850-mb chart for 1200 GMT on 12 May, 1974 using National
Weather Service data. T
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Fig. 24.

700-mb chart for 1200 GMT on 12 May, 1974 using AVE IIP
data. :
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Fig. 25. 700-mb chart for 1200 GMT on 12 May, 1974 using National
Weather Service data. , :
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Fig. 26. 500-mb chart for 1200 GMT on 12 May, 1974 using AVE IIP
data,
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Fig. 28. 400-mb chart for 1200 GMT on 12 May, 1974 using AVE IIP
data. ‘

e
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Fig., 29. 400-mb chart for 1200 GMT on 12 May, 1974 usging National
Weather Service data,
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i _ Fig. 31. 300-mb chart for 1200 GMT on 12 May, 1974
; - using National Weather Service data. :
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§ig. 32. 200-mb chart for 1200 GMI on 12 May, 1974 using AVE ILP
o data. o ' : ,
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- Fig. 34.

- data.

100-mb chart for 1200 GMT on 12 May, 1974 using AVE IIP
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Fig. 35.

100-mb chart for 1200 GMT on 12 May, 1974 using National
Weather Service data,
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These differences in computational procedure appear as slight
differences in dew point temperature in Figs. 19-21; the difference
in data detail is quite noticeable, The constant pressure charts shown
in Figs. 22-35 show slight differences in the results of the two .
procedures as well., ©No large systematic differences between results
of the two procedures are indicated although NWS humidity values appear
to be slightly lower than AVE IIP values in some cases, espécially at
low values of relative humidity. No significant probiems should be
eﬁcountered, however, in using NWS data around the borders of the AVE -
IT pilot experiment area.

3. Height Comparisons. The same procedures for computing height

are used in both the NWS and AVE ITP reduction schemes. Many more data
points are used in the AVE IIP procedure so that these results should‘
be superior to those obtained by the NWS. TFigures 22-35 reveal only
slight differences between heights, and there does not appear to be

any systematic difference between results of the two procedures.

4, Wind Direction and Speed. The wind reduction procedure of the

NWS differs from that used in AVE’IIP which is described in Section II-C
of this report.  The NWS receives angle daté at l-min intervals instead
‘of 30-sec intervals aé obtained in the AVE IT piiot experimeﬁt. The NWS
scheme involveé finite differencing over 2-min intervals Below 14 km

and over 4-min intervals ébove 14 km. ‘If tﬁe elevation anglé is lesé
than 12°, it is smoothed by Qse of a 3-min average béfore the differéncing
‘ proCess’bégins; the redﬁction process terminates at elevation angles ; - :

below 6°. Figures 19-22 reveal no large differences between results of
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the two procedures, even in afeas of high wind speed such as in Fig. 19
for Peoria, Illinois.

In conclusion, the results of this section indicate that Matching
AVE IIP and NWS values of temperature, moisture, height, and wind at

the borders of the AVE II data should pose no problems.
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APPENDIX A

General Features of the Reduction Programs

]

i

The reduction programs used at Texas A&M University were written
using WATFIV, a FORTRAN IV compatible language developed at the
University of Waterloo, Ontario, Canada. WATFIV is almost completely
compatible with FORTRAN G and H, but the CHARACTER * declaration state-
ment used in some of the programs cannot be used in FORTRAN G or H,
Other restrictions between the various cumpilers may be found in texts
on computer programming.

The data reduction process athexas A&M University was performed
using an IBM 360/65 computer with OS/MVT (Multiprogramming with a
Variable Number of Tasks) and HASP (Houston Automatic Spooling Prbgram).
Use of these programs on other machines may require considerable program
modification. |

The comments made in the following appendices are meant. to
supplement the pfogram descriptions that have previously been given énd

are mainly concerned with required input data and core allocation for

the programs,

e g L T e s
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APPENDIX B

Use of the Card to Tape Program

Card decks described in Tables 2-4 aré transferred to nine track
tapes that are non-labeled. The DCB (Data Control Block) parameters
are DCB = (RECFM = FB, LRECL = 80, BLKSIZE = 1600, DEN = 3). An
object code of 5;608,bytes an& an array area of‘40,160 bytes are
required. The data required for the program are one card specifying
the number of soundings to be processed followed by the stated number
of complete sounding decks. No printed output is produced by the

execution of this program,
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aooOn

con

e Na¥a)

100

(a2 N alal [eXaXql [alaNel a0

e alNe)
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e e e g e
aon

! ~ 15
1 20

TRANSFER THE CARDS TO TAPE
SUMMER 1974--HENRY FUELBERG
CHARACTER * IS AN IMPORTANT FEATURE. OF WATFIV

CHARACTER*1 CI{80),IN(80),ONE/ LY/
CHARACTERSBO CARD{500}),CARDI
EQUIVALENCE (CI,CARDI)

REWIND

READ THE NUMBER OF SOUNDINGS TO TRANSFER

READ,NSOUND
PN 20 M=1, NSOUND
1=1

READ THE CARD

READ({5,100) CARDI
FORMAY (A80)
IF(I.NESLY GO 7O 7

COMPUTE THE NEW *LEADER CARD' WSING BASELINE INFORMATION

D0 6 L=50,69

LL=L 49
I0LLI=CI{L)
CARD (1 }=CARDI!
IFII.EQ.L) GO YO 2
At

A *1' IN COLUMN 72 OF THE BASELINE CARD [S NOTV CONSIDERED

- IF{CI(72).EQ.ONE) GO YO 3

COUNT THE NUMZER-OF CARDS IN THE ORDINATE DECK

I=le¢l .
GO 1O 4

ADD THE NUMBER OF CARDS IN THE ANGLE DECK
I=I+l
READ THE CARD

READ{5,100}). CARDI
CARD{1)=CARD!

A '1t IN COLUMN 72 INDICATES THE END OF THE ANGLE DECK

IF{CI(T72).EQ.ONE) GO TO 10
G0 70 3

WRITE THE *LEADER CARD' ON.TAPE

WRITE{1,5) (ID(LL)+LL=1,20),1
FORMAT (20A 14 14)

TRANSFER THE REMAINING CARDS TU TAPE
WRITE(21,15) (CARD(J),J=1,1)

FORMAT (A8Q)
CONT INUE
REWIND1
sTQP .
END

IN CALUMN 72 INDICATES THE END OF THE ORDINATE DECK-
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APPENDIX C

Use of the Tape to Print Program

No input data cards are required since the tape is read and printed
until an END O FILE mark is encountered. The same tape parameters that
were used In creating the tape are used to read from it., The object
code is 4,864 bytes while the array area is 80 bytes. The printed

output resembles the original data decks.
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M

OO

10
11

12
13

THIS PRNGRAM PRINTS. THE RAQ DATA TAPE
SUMMER 1974--HENRY FUELBERG

CIMENSION NCARD(20}

REWINDL :
READ (1,11, END=13) (NCARD(1)y1=1,20)
FORMAT (20A4) R
WRITE(6,12) (NCARD{I)sI=1,20)
FORMAT(1X, 2044)

GO TO 10

REWINDY

STOP

END




103

: APPENDIX D

Use of the Master Reduction Program

Angle, ordinate, an& baseline data afe read  from magnetic tape
with the DCB parameters described in Appendix B, The input format is
5 » described in Tables 2-5. The output data is placed on a non-labeled
tape with DCB = (RECFM = VS, DEN = 3); no length of fecord or block éize is
specified. Data read from cards include the number of stations in the
station roster, in ghis case 54, followed by a card describing each of t
the stﬁtidns. The ig;t card réaémgpecifies the number of consecutive
soundingsxéo be procéssed; The object code of thevprogram~is 29,840
'byte; with an array area of 39,136 bytes, Pfinted output from the
program is described in Séction 11-C and.Eig.kS; the ident;cal output
is transferrv? to magnetic tape and is de;éribedAin Tabie 7. The sounding
idenﬁification data is followed by a series of 18 arrays in the order
given in Table 6 that correspond to the c0ntact‘data. Each array has

: a dimension of 230.
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THIS PROGRAM REDUCES RAW RAWINSINDE DATA TO A FINISHED PRODUCT.
SUMMER 197 4=—-==- HENRY FUELBERG

SONDES ARE WFATHER SERVICE TYPE WITH CARBON HUMIDITY ELEMENTS
CIMENSION NECESSARY ARRAYS

e XeRaRaEa]

O0OUBLE PRECISION DEXP

DIMENSION R{230),ATH(230),XXS{230),225(230)

CIMENSION WOD(230),WSS{230),CD1(5)

DIMENSINN TMOR(230), P(230),TORD{230)y HORD( 230), TMNG(270),
LTHETA(270) + AZC270),XS(230),25(230),HM{(230), TC(230),4WD(230),
2nS512301,C(40),HC(20),TV{230),TD{(230) yWI230),PTK(230)+HINT{230),
3STHT(60),STLALGO) ,STLG(&0T,EPOT (230),PHI(230),LTC(230)

DIMENSION YS{230), WwdE(230) WSN{230),WE(230),WN{230)

INTEGER STTID(60) ,ISTOP,ASTOP I ASM(270),IEP{270), I0RIN(230)

INTEGFR BLANK,AST

INTEGER IFP (2301 ,NAME(7)yNMS{T0,7),NZ(6)

CIMENSION U(230),V(230)

QFSIST{TORD) = DEXP(16.0082991-0.9966256%AL0OG{2%TORD)) ~ 48000.

XVIRTIXTMP y XE, XPI=XTMP /(1.0-(0.379%({ XE/XP)))

DEFINE HUMIDITY CONSTANTS TO BE USED

ooo

; : : DATA C/1220.7+-19455,8.312,-41273871249.8,-19.307,11.732,-.17732,
' ~16872842648199-6.1439,4096159y=-2015,2+30.6859-12.115,.17848,

3475 2+=5.8167y-1e9779,.02492,774.05,~11.773,1.1014,-,01397,
224327+1~+407634431303,~.00344,~112.874146712,-.04262,
~a00017,-57.854) 53914 9-e158839.00234,8,0627,.,97356y
«13845,.00032/ '

CATA AST,BLANK/L1H%,1H /

RD=6.85T7E-2

N W N

CEFINITION CF.IMPORTANT VARIABLES
ASTOP THE LASY CARD IN THE ANGLE DECK 1S INDICATED BY A *1' IN

COLUMN 72
ATH 1S AZIMUTH OF SONDE MEASURED CLOCKWISE FROM NORTH
Az IS ELEVATION ANGLE -
ce . IS SPECIFIC HEAT OF MDIST AIR
cTe IS PRESSURE CONTACT NUMBER
cTY IS THE INTSRPOLATION WEIGHTING FACTOR
E- IS VAPGR PRESSURE .
EL IS LATENT HEAT OF EVAPORATION
EPQT IS EQUIVALENT POTENTIAL TEMPERATURE
HINY IS FEIGHT AT THE ANGLE TIMES, 30 SEC APART
RM IS RELATIVE HUMIOTTY
HORD 7 IS HUMIDITY ORDINATE

[1MIN IF EQUAL .TO 0 ANGLES ARE EVERY 30 SEC
IF. EQUAL TO 1 ANGLES ARE EVERY '1 MIN

TASH A vl IN COLUMN 732 INDICATES THAT: MANUAL SMOOTHING HWAS
ODNNE-NN. THE DATA CONTAINED ON THAT CARD

101t IS THE DAY 0OF THE SOUNOING
102 IS .THE MONTH OF THE SOUNDING .
103 IS THE YEAR OF THE SOUNDING
N4 IS THE TIME OF THE SGUNDING
Ins IS THF STATION NUMBER
1EP A C1' TN COLUMN 74 THDICATES THAT THE ELEVATION ANGLE IS
LESS THAN 4 DG. - THESE ARE ALSO CHECKED 8Y THE PROGRAM A e
IFp IS- USED TO MARK WINDS THAY WERE COMPUTED WITH ELEVATION v

ANGLES LESS THAN 9 DG
IORIN A '1% INDICATES THAT:VALUES CN THIS CARD HAVE BEEN RERRIEN
INTERPOLATED .
~ISTOP A '1t IN COLUMN 72 TO INDICATE THE END OF THE ORDINATE . . 4

nnhnnn‘nnnnnnnnnﬁnnnnnnnnnnnnnnn
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c NATA
c 4 15 AIMOSPHERIC PRESSURE
. t PTH 1S POTENTIAL TEMPERATURE

C R IS RANGE NF SONNDE FROV RELEASE
c RESIST 1S A FUNCTION USED' YO COMPUTE TEMPERATURE
c RHD IS HUMIDITY AT ORDINATE (46 AND TEMP=-40C
c RHSFC 1S SURFACE RELATEVE HUMIDITY - -

: c sC 1S THE SONDE'S DISTANCE OVER 'A CURVED EARTH

| C 1C 1S TEMPERATURE
C 10 IS DEW POINT TEMP
< THETA IS ELEVATION ANGLE
c, M1 IS MEAN VIRTUAL TEMPERATURE
c THMNG IS TIME DF THE ANGLE OBSERVATION
o T™OPR IS TIMF OF THE CONTACY
d m IS THE BASELINE TEMPERATURE AT 37.6 ORDINATES

A e T3 HAS AN IMPLIED NEGATIVE VALUE

; c TORD 1S TEMPERATURE ORDINATE
C 156 1S THE APPROXIMATE TEMP AT THE LCL
N 157¢C 1S SURFACE' TEMPERATURE
c TV 15 VIRTUAL TEMPERATURE ! :
c u IS THE EAST-WEST WIND COFPONFNT AFTER INTERPOLATION !
C v : J5 THE NORTH-SOUTH WIND COMPONENT AFTER INTERPOLATION
¢ W L. IS MIXING RATIO IN GM/KG - = )
¢ WO o 1S WIND DJRFCTION -
f. RDN© IS WIND DIRECTION :
9 wot 1S SURFACE WIND DIRECTION-... .
c WE IS THE EAST-WEST WIND CNMPONENT AFTER SMOOTHING
f WA 1S THE MNORTH-SAUTH WIND CAMPONENT AFTER.SMOOTHING
¢ "SH IS SURFACE WIND SPEED ‘
r " S 15 SCALAR, WIND SPFED
c w55 15 SCALAR WIND SPEED .
c WHE IS VTHF EAST-WEST. WIND COMPONENT BEFORE SMOOTHING
¢ WSN IS THE NDRTH-SOUTH WIND. COMPONENY BEFORE SMOOTHING
c X IS MIXTNG RATIQ [N GM/GM
c XS 1S THE X LOCATION COMPONENT
L XVIRT ~ IS A FUNCTION USED TO COMPUTE THE VlRTUAL TEMPERATURE .
£ Xx$5 IS THE X LOCATTON OF THE SONDE ON A PRESSURE CONTACT
c Ys 1S BALLOON HEIGHT
¢ 5 IS THE Y LOCAYION COMPONENTY
C s IS THE Y LOCATION OF THE SONDE ON A PRESSURE CONTACY
c

REWIND1
REWIND3

[ X e Rai

DEFINE ALL‘AR&AYS TO BE PRINTED LATER

DN 345 1=l 230
TYOR 11 )=0.0
CTCI1)=0.0

Ut11=0.0
Vi1 =0.0
PIK{1)=0.0 .
EPNT(1120,0




345

A ONOD

501
111

aNaNaNaEalel

[aXeEaXaEnEaXakyl

i0

[aRaNalal

274

[eXaNe]

AOOOO0

106

WlI1)=0.0
FMUT }=0.0
R{1)=0.0
ATH{1)=0.0
CONT INUE

READ THESTATION ROSTER CONTAINING WMO NUMBER, STATION ELEVATION,
STATION LATITUDE, AND STAYION NAME
NR 1S THE NUMBER OF STATIONS IN THE ROSTER

READJNR

0N 11l J=1,NR
READ(s.ﬁOl)‘STID(J)vSTHT(J)vSTLA(J)’(NHS(J'K)'K’1v7)
FORMAT (I541XsF4e091XsF4a2924X,7A%)

CCNT INUE

READ NSOUND

NSOUND IS THE NUMBER OF SOUNDINGS YO COMPUTE
BEGIN THE GRAND LOOP

DO 999 [5=1,NSOUND

READ THE BASELINE DATA

THE FIRST BASELINE 'CARD® NEED NOT BE READ UNLESS ONE INTENDS TO
SEARCH THE TAPE, THE TOTAL NUMBER OF CARDS IN THE SOUNDING DECK
IS CCNTAINED ON THIS.CARD

READ (1410} (NZ(I),1=1,6)
FORMAT (£AW) K

READ. THE SECOND 'CARD' WHICH CONTAINS BASELINE CALIBRATIONS AND
SURFACE MEASUREMENTS

READ(1+2743ERR=9366) CTC{1),P( 1) +TSFC,RHSFCyTQ,RHOyWSI WD,
102,101,103, ID%, IN5, [LMIN

FORMAT (TXy Faaly LXeF6al11XsFaol sl XeFle lleyF4 1oiXeFéholylXyFloly
1XeF3e002%y 12, 1X g 129 1X 4125 1Xs1 491X, 1593Xs11)

TMOR(1)=0.0

—

-

THE BASELINE TEMP (TO) CORRESPONDS TO AN ORDINATE (TCAL) OF 37.6

T0==1.0%T0 -
TCAL=3T7.6
IORIN{1)=0

SET UP THE BASELINE REFERENCE
WEATHER SERVICE TEMPERATURE ELEMENT

"

RTB=RESIST{TCAL)

RK1=TO+273.15

RM1=5.3018981*(1.0/303,0~1.0/8K1)
RM2={=2.4T7991E=345QRT(2.47991E=3%%2-4,%5,89986E~ S*RMX))/
1(2.%5.83926€6-5)

RM3=14000. /RTB*EXP(RM2)




SET UP CONSTANTS TO BE USED
CARBON HUMIDITY ELEMENT

(2 Xa X2}

* KX=20 )
DD 103 J=1440,2
KX = KX + 1

103 KC(KX) =

READ THE ORDNINATE DATA

OO

00 233 10=2,230
READ(l+2344ERR=9366) CTC(IO)
LISTOP, IORINTIO)
IF(ISTUPNELO) GO TO 235
CONT I'1UE

KLM=10-1
FORMAT({F3.0¢1XsF4: 00 1XoFa.ly

23
235
234

USE LINEMR

[a XaYeNuNo¥al

LTIN=0

1TJ=0

DO 11ll T=1,KEM

IFILTINGEQWO) 1TU=0 .

IF(TMNRL 1) . NEL999,9) GO

TFLTMIR(T) . EQ
CMFOLLTINGNELO) 60 T0 1115

DN L1112 J=14KLM

ITd=170¢1

(SR
1113

CONT INUE. |

T2=TMIR (YY)

or=T2-TL )

ADT=0DT/1YJ

TMOR (1) =TMOR( =1 1»ADT -
PN )=99.9
HORD (1) =99.9

1115

INDICATE THAT INTERPOLATION

(2 ¥aTe})

102N T) =1

LTIN=1TJ~1

CONT INUE

IFCTIMINGNELO) 60O 7O 3333

1111

PEAD THE -ANGLE DATA IF HALF
15 TUNG (1) .NE.O»
ANGLES WITH 915

AN OOO

C0 237 1A=1,270

READ(14238 yFRR29366) THNGITA ), THETACTFAYAZIT A yASTOP,

1LIEPLTA)
IF(THNG( 1A ) 4€Q.999,9) 6O TO
ING= (TMNG{.1)/045)¢0. 1

CLI) ¢ (CLIEL)*RHO)

107

IN HUMIDITY CALCULATIONS

'P"o"TORD('O’QHORD"U"YHOR‘ID"

IXoF&, Lot XoFSelyaTXe Lol 1)

KLM 1S THE NUMBER OF CCNTACTS

CHECK NRDINATES FOR MISSING TIME VALUES
INTERPDLATICN TO FILL IN GAPS

PRESSURE 1S ALWAYS GIVEN FVEN 1F TIME 1S NOT GIVEN

0“0 1111
«999.9) TL=TMOR(I~1)

TFETMIR () «NEL999:9) GO YO 1113

WAS DONE

MINUTE VALUES

INTERPOLATE THE TIMES BUY FILL IN THE MISSING

TASMUIAD

3T

)
i
{
f

3
i
]
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2378

3177
237
3454

[2Nele)

2377
228

239

i
H
i
i

c
c
c

3333

i
k4
H
i

5555
2388
2399

[N aRel

i

TMNG(TMG+L)=TMNG( TA)
THET AL ING+1)=THETA(TA)
AZLING+L)I=AZ{TAY
TASMUING+Y )=TASM(1A)
LEPLING+1)=1EP(IA)
TIME=0.0

IF(ING.EQ.Q0) GO TO 3454
DN 2378 1Z=1,ING
TMNG (T Z)=T IME
THETA(IZ)=99,.9
(Fe(12)=0

AZIL11)=999.9

TASM{TZ)}=0
TIME=TIME+0.5

GONTINUE
GO TD 3454
IF{ASTOP.NE.O) GO TO 239
CONT [NUE

ING=ING+2

READ THE ANGLES IN THE NORMAL FASHION NOW

0N 2377 14=1NG,270
READ(1,+238,ERR=93656) THUNGITIA), THETA(TA) s AZ{1 A) yASTOP,

1 IEP{ 1A)

IF(ASTOP.NE.O) GO .TQ 239

CONT INUE
FOPM?\T(FS-111X'F‘0.111X0F5-1'55X1119[1111)
KAT=T1A~1

{FIKAT.GT. 230} KAT=228

GO TO 4444

READ THE ANGLE DATA [F WHOLE MINUTE VALUES
00 5555 1A=1,270,2

TASMULA)},

READ(Ly2388,ERR=9366) TMNG(T1A) yTHETA(IA), AZ(IA)}yJASTOP,LASMIIA),

LIEP(TA)

TMNG(1A+1) = TMNG{TA) +0.5

THET AL 1A+1)=99.9

AZ(1A+1)=999.9

LASM{1A+1) =0

1EP( 1A+1)=0

IF{ASTOP.NE.O} GO TO 2399

CONTINUE & .

FORMAT (F5. 13 1XsF4e LolXsF 521455 %Xy 11,100 11)
KAT=TA=1

IF(KAT.GT.230) KAT=228

INTERPOLATE WHOLE MINUTE ANGLES TO HALF MINUTE VALUES

DO 6666 K=2,KAT,2

IF{THETA(K+1}.EQ.99.9) GO YO 6667
IF{THETA(K=~11.EQ.99.9) GO TO 6667
IF(AZ{K+1).EQ.999.9) GO YO 6667
IF{AZIK-1}.EN.999:9) GO TO 6667 .
TRETA{K)=THETA(K=L)+0, S*{THETA(K+1)~THETA(K=1))
CAZ=AZIK+LY=AZIK=1) - .

CAZAKISAZIK=1)+0.5%0AZ

IF(ABS{DAZ ) 4GT .180.) AZ(K)=AZ{K)+¢180.
IFLAZIK)Y«GE3604) AZIKI=AZ{K)=360C.
GN TO 6666

AT ST S e S T R B ¥ on b g e R

VST

b

[
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6667 THETA(KI=99,.9
AT(K)=999.9
6666 CONTINUE

CHECK THE ROSTER FOR THE PARTICULAR SYATION TO ASSIGN
ELEVATION AND LATITUDE

s XaEaRal

4444 NO 112 J=1,NR
Js5=J .
[FUIDS.EQ.STID(J)) GO VO 113

112 CONTY INUE
WRITE(6y566)

966 FORMAT (1ML, 34HERROR~~STATION 1D IS NOT IN ROSTER)
GD TN 999

113 . HT=STHY(JIS)
00 26 §=1,7

o NAME(T)=N4S (JSy 1)

26 CONTINUE

IF{105.6Q.259) 1N5=260

AZIMUTH ANGLES AT NSSL STATIONS ARE 180 DEG OFF

OO

IFEIN5.LT, 22002) GO TO 1213

[FL1D5.G7.22005) GO T2 1213

P 1212 NSSL=1,KAT

1FLAZINSSL )Y .EQ.999.9) GO TO 1212

AZINSSL)=AZINSSL)+1BO.O

TF{AZINSSL ) «GE «360.0) AZ{NSSL) =AZ{NSSL)-360.0
1212 CONTINUE .
1213 CONT INUE

G
C CONVERY MUMERICAL MONTH TO ALPHABETICAL
C ) '

CALL MOPAT(ID2,IXe1Y412)

JCU1¥=TSFC
C
C
C COMPUTE TEMPERATURE AT THE PRESSURE CONTACTYS
C WEATHER SERVICE TEMPERATURE EQUATIONS
c . . )
G

00 444 K=2,KLM
IFL{TOROIK) »EQ.99.9) GO TO 443
RE = PESISTITORDIK))
RO=ALDGIRYI*RE/14000.0)
PR=Z1e/{La/ 30346467 14E-6*R441,1127BE~5%R4*22)
TP=RK-273,15
TCIK)=TP
GO 1O 444
443  TCIK)=99.9
444 - CONTINUE

¢
c CHEGK FOR MISSING TEMPERATURES
C USE LINEAR INTERPOLATICN TO FILL TN GAPS
. c .
00 4411 1=1,KLM
IFETCIT) NELD99.9) GO TO 4411
N0 441291 KLM
. R KDY=y
‘ S e IFCTORDUJ)Y « NEL99.9) GO TO 4413

46412 CONTINUE -
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" 4413

44l

[e¥aBekaXe]

(s Nelal

OoOn

. 52

521

QOO0

522
523

787

[aXaXaEal

532

anoo

533
534

(s N g N e

DYKT=(TMOR ( 1)=TMOR{ [~1))/LTMOR (KCJ)=TMOR (I=1))
TCALI=TC(I~1Y+DTKT* (TC (KOJ)=TC(1-1))
IORIN(I)=1

CONT INUE

COMPUTE OTHER THERMODYNAMIC VARTABLES AT THE CONTACTS

D0 44 K=1,KLM
TP=TCI{K}
TK=TC(K)+273.16
IF(K.EQ.1) GO YO 787

IF HUMIDITY ORDINATE £QUALS 99.9, PRINT 9's FOR MOISTURE VARIABLES
IF(HORND(K) . €Q.99.9) GO TO 523 '
IF{HORD(K) ) 523,523,52

X AS USED HERE IS NOT MIXING RATIO

X = (HORD(K)-464)/41.

HP = 0.

DN 521 KK=1,17,2

HP = (HP+HC (KK) + HC{KKr1}eTP) % X
HP = HP + HC(19) + HC(20) * TP

MOISTURE VARTABLES BASED ON A RELATIVE HUMIOITY LESS THAN 5 PCT
ARE PRINTED AS 9°S ) :

1F{HP=5.) 523,532,532

HP=999.9

TVIKY) = TK

TDIK) = 99.9

E = 0.0

PTKIKI=TK®( (100047 (P(K)) )%, 286)
EPOT(K1=999.9

WK} =99.9 ;
HM (K )= HP B
GO TO 537 .
HP =R HSFC

THIS SECTION COMPUTES THERMODYNAMIC VARIABLES WHERE HUMIDITY IS
GREATER. THAN 5 PCT

HM (K ) =HP
[F(HP-100.) 534,534,533

PRINT HUMIDIfY EVEN IF GREATER THAN 100
CTHER. VALUES BASED ON A MAX VALUE OF 100

kP = 100. :
E = HP ¥ .0611 % 10.##({7.5%TP)/{237.3+TP}))

X USED HERE IS MIXING RATIO

X= (. £23%E) ZLPIKI-E)

CP=0240% (1 40+0484%X) -

oo

THIS WILL GIVE DEW POINT




i
{
1
i

537

a¥a R Ealal

OOOND

(s Ealsia¥aNul

(aNoNal

53

61
62

63

44

102
703

701
m

ELOG = AWLNGILOLF)

TO(K) = (0 237.3*ELUG)~186.52T) /1B.286-ELNG)
D=TCAK}=TO LK)

15C=TD(K)-10,21240, OOI5711TDlKD~0.000h36‘TC|K’l.D

. 1SA=T5C+273.16

FL=597,3~, 5664 TSC
PTKIKI=TK*{ (1000, /{PIK)-E))¢&(RD/CP))
EPOT{K)=PTK (K} *EXP {(EL#X}/(CP*TSA))
WIK)eX#1000.

TVIKY = XVIRTUTKE,PIK))

CONT INUE

IF(K=1161y 61,62

COMPUTE HE IGHT AT EACH CONTACT .

SYS$=0.0

GO TN 63

TI=(TVIK)#TVIK=-1))/2,
0YS$=29,29085¢TMI*ALOG(PIK=-1) /P (K]}
SYS=SYS+DY S

NON'T COMPUTE NiNDS IF LESS THAN 10 ANGLE PEPORTS
INDICATE THIS BY DEFINING VALUES TO BE PRINTED WITH 9'S

YSIK)=SYS

IF(KAT L TL10) WSSIKI=99,9
TFIKAT.LT. 10) WODIK)=2999.9
TFIKAT LT, LO) TEPIKI=O
IF{KAT LT, 10) 1ASUIK)=Q
IF(KAT.LT. 10) UIK)=99,9
TF(KAT LT, 10) V(K)I=99,9
1E{KAT LT, 10) R{K)=999,9
IF{KATLLT, 10) ATH(K}=999,
CANT INUE

IF{KAT.LY. 10} GO TO 921

INTERPOLATE HEIGHTS TO CORRESPOND YO ANGLE TIMES (30 SEC}
LENEAR. INTERPOLATION BASED ON TIME 1S USED

1J71=1

HINT(1¥=0.0

DD T0L [=2,KAY

[ELTMNGUE) . GT. TMUR(KLH)’ 60 10 177
17=1

B0 702 1J=1JT,300
IF(TMOR(1J#+1).GE. YMNG(!)! GO 10 703
CONT INUE

T1=TMOR(TI3+1)

T2=TMDR( 1Y)

OT=C TUNG LT ) =TL}H/(T1=T2)

HINT (D)= !YS(lJtll ~YSUTJ})eDT+YSLE I+ 1)
1J7=1J

CONT INUE

KT=f71-1

) COMPUTE WINDS AT 30 SEC INTERVALS, 1 MIN OVERLAP

DN

111

‘
;
:
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N0 750 K=1,4KT

CHANGE ANGLES TO RADIANS -
IF AN ANGLE TO BE USED IS MISSING (9°'S)y WIND VARIABLES AND SONOE
LOCATION WILL BE PRINTED AS $'S

anO00 oo |

[F{THETA(K) .EQ.99.,9) GO TO 748
IF{AZIK) LEQ.999.9) GO TO 748
THETA(K) =THETA(K)/57.295178
AZ(K)=AZ(K)/57.29578
A=COSUTHETA(R) Y/ {1a ¢{HINTIK)/63T71229.))
SC=6371229.*(ARCOS(A)=-THEYA(K) )
GO YO 749 .
748  XS{K}=99.9
15(K)=99.,9
IF(K-3) 67,68,69 .
749 XS(K)=SC*SIN(AZIK))
2S(K)=SC*COS(AZLIK))
IF(K=-3)67,68,69
68 DT=30.

WIND AT THE FIRST LEVEL {2) ABOVE GRCUND 1S A 30-SEC FORWARD
CIFFERENCE USING LEVELS 3 AND 2

OO0

XS(13=XS512)
7S(1)=25(2)
GO TQ'T1L

69  Dr=40.0 ,

71 IF(XS(K).EQ.99.9) GO TO 751
[F{XS(K-2) .£Q.99.9) GO TO 751
IF{ZSIK).EQ.99.9) GO TO 751
IF{ZS(K=2) «£0.99.9) GO TQ 751

COMPUTE THE WIND COMPONENTS

DO

WHE{K=1)={ XS(K)=XS{K-2)1/DT
WSN(K=1)={ZS(K)=2S{K=2))/0T
IF (ABS(WSN{K=1})+GT.1l. 0E~5) GO TO 5151
TT=WSN(K=1) ‘
WSN(K=11=1,0E~5 ,
IF(TTeLT.0.0) WSN{K=-1)==1.0%WSN{K=1)
5151 WSIK=13=SQRT{(WWE(K=1) }¥%2 + {WSN(K=1})*%2)
B= WA E(K~=1) /WSNIK=1)
A=ATAN(ABS(8))%57,29578
IF(B) 671,671,672
6TL  TF(MWE(K=1)) 673,673,674
673  A=360.-A
G0.T0 676
674 A=180.-4
G0 TN 676 :
672 - IF(AWELK=1)) 67846784676
678  A=A+180. :
676 CCNT INUE

C : S -
c MODIFY WIND DIRECTION YO THE GENERAL MET CONVENTION
("

A=A + 180 ' ’

IF{ALGT«350.) A = A = 360,

WD(K=1) = A * :
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67 CONTINUE

751

750

[a XN aNal el

X Ne¥eRaNeNel

325

3 X2 ¥e] [aNa¥e]

(aNaNalal

oy

‘DO 325 1=

G 1O 750
WHE(K~1)1299.9
WSN{K-1}1299,9
WS{K=1)=99,9
WOLK=1)=999,9
CONTINUF

WIND AT THE SURFACE IS DEFINED FROM THE BASELINE CARD

WOl )=WDI

IF{WO1.EQ0.999.) HWD(1)=999.9
WS(L)=WS1T

IFIHSE:EQa99.9) WS{1)=299,.9

SURFACE WIND COMPONENTS ARE DEFINED

hadE(1)=WWE(2)
WSN{ 1) =WsN(2)
KT=KT-1

PERFORM A 5-POYNT WEIGHTED AVERAGE ON 30 SEC 3iNDS~~HIND
CCMPCNENTS ARE SMOOTHED
TRANSFER 5TORAGE 0IF WINDS

Ly KT
“O00( 1} =wDI 1)

RSSETY=WSLT)

CONT 1MUE

BINOMIAL WEIGHT COEFFICIENTS ARE USED

CDUL)=04006

tN{21=0.25

CD(31=0,38

CN(4)=0.25

CotS51=0.06

07393 1=L4KT

KT1=KT-1

TE(KTILLEL 2} GO T2 306

SMOOTHENG DOES NOT BEGIN UNTIL 2000 M ABOVE GROUND LEVEL

IF(HINT(1),LT42000.) GO TO 306
Ki=1=2

K2=1+2

K4=0

$120.0

$2=0.0

D0 322 K=K14K2

Ka=Kae ]

IR . AWSND VALUE INVOLVED IN THE SMOOTH 1S MESSINGy DON'TY
SMO0OTH THAT POINT ) :

IF{WWE(¥ ). EC.99.9) GO TO 306
IF{WSNIK1.EQ:99.9) GO TO 306

LOCATE WINDS BASED ON AN ELEVATIDN ANGLE LESS THEN 9 DG
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IF(THETA(K) 21 Te0.157) TEP(T) =]
S1=S1eWWRE( K }3CD(Ka)
© S2=S2+WSN(K)*CD(K4)
322 CONTINUE

INDICATE THAT SMOOTHING WAS PERFCRMED (TASM=1)

QOOn

5 TASMI(I}=1

! WE(L)=S1

i WNI(T)=52
IF(ABS(S2).GT.1.0E-5) GO TO 5152
TT=SZ .
$2=1.0E-5
IF{TT.LT.0.0) $2=-1,0%S2

5152 WS{I)=30RT(S1¥*2¢S24%2)

B=S1/82

; : A=AT AN (ABS{B))%57.29578

; \ IF{B)4TLs4 71,472

{ 4TL  IF(S1) 473,473,474

i 473 A=360.-A

; GO TC 476
474 A=180.~A

! GO TO 476

| 472 IF(S1) 478,478,476

i ‘ 478  A=A+180.

g 476  CONTINUE

“ODIFY WIND DIRECTION TO THE GENERAL MEYT CONVENTION

[N aNe)

A=A+180,

IF{A.G7.360.) A=A=-360.

WOl )=A

GO TO 393
366 WD(D)=wWDD( 1

hS({T)=WSS( I

WE{L)=WWE(T

WNLT )=WSN('I
393 CONTINUE

LTNEARLY INTERPOLATE WINDS ON BASIS OF TIME TO PLACE ON CONTACTS
SURFACE VALUES ARE CO4PUTED FIRST

[aXeleNuNaXal

WONt 1}=WD{ 1)
WSSE1)=WS({1) :
[F(WND(1). EN.999.9) GO TO 888
IF({WSS{1).£0Q0.99.9). GO TO 888
T=180.+WD( 1)
IF(T.GE.360.) T=T7-3640.
UL1)=W5(1)*SIN{T/57.29578)
VL) =We{1) #COS(T/57.29578)
GO TO 889
888 U(1)=99.9
vi1)=99.9
889 R{1)=0.0
ATH{1)=0.0
ICT=1
NO 613 1=2,3G0 :
IF{TMOR(I) 4 GY.TMNGI(KT) )} GO TO 921

i
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I * NG 514 J=1C Y¥¢300
KzJ

LOCATE LEVELS ON WHICH TO INVTERPCLATE

[aNaNal

TEITMNGE U+ 1) GE.THORTT)) GO TO 615
614  CONT INUE
615 1CT=K

CON'T TRY TO INTERPOLATE MISSING NATA (9'S)

oo

~ IFINGIK) .EQ.999.9) GO TN 3766
! IF(WNIK+1) «EQ.999.9) GO TO 3766

KEEP UP WITH EL, ANGLES LESS THAN 10 DG AND POINTS THAT HAVE BEEN
SMOOTHED

[aRaNeNe?

TF(TASY¥IK) L EQ. 1) TASMITY=])
TELTASMEKE L) CEQWL) TASMUT) =1
IFLTEP iK1 ) LFQ. L) LFPLLY=1
TE(IED (R )LEQLL) TFP( 1) =1

NT=CTMORLE J=TMNGIK I} /ETMNG IR+ 1)=TMNG (K} )

CQMPUYF LOCATION COMPNENTS ON PRESSURE CONTACTS

o0

XXSEI1=XSIK)4DT*IXS{Ke 1) XSIK) )
LZSUT)=2SIK)#NTH(ISIKe1)=251K))
TRUARSTZ2S 1)1 .GTal.0E~5) GO O 5153
TT=215(1)

225( 1) =Y. 0E~-5 ‘

"y IFITTelT40,0) 22501 )==-2,0¢22S¢13

COM PTE RANGE (R) AND AZIMUTH (ATH) OF SONDE

[aNeRgi

5153 IF(XXSUI)aNEL2ZZS(1)) GO TO 3033
IFIXXSUI)eER.99,9) R{11=999,.9
TFIXXS{1).EQ.29,9) ATH{I1)=999,
GN T 3034

3033 RUIN={SORTLAXXSII))*e24(22S([))%%2}) /1000,
FXXSUIM/7Z2S801)
C=ATAN(ABS(F))%57.29578
[FIF}6T11y671L,6T21

6TLL JF(XXSUI)) €731,673146741

6731 0=360.-D
GO 70 6761

Lo 6741 0=180,=D

e GO TO 6761

Do 6721 IF(XXStI1)) 678L,6781,6761

i 6781 D=0+180.

- 6761 D=D+180. :

i IFIDGTa360.) D=D-360,

g . ATH(1)=D

- BRI . . 3034 CONTINUE

COMPUTE NEW WIND COMPONENTS, DIRECTldN AND SPEED

2Rl

ULT)=WE(K) +DTH(WE(K+ 1) -WE{K))
VETY=WNIK) +DTe{WNIK* 1) =WNIK))
IF(ABSIVII)).GTal.06~=5) GO TO 5154
S TT=VLI)
' o : Vit)21,.0E=5

L R S T, Ty e S ST T e T T TR RIS 2 i B e T T L 8 LG e e TR e L R S Rt i
: : 7
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371
373

374
372

378
370

aOno

[aNe¥el

3766

613

[sXeNeRa R el

921

OO0 000

[F(TTelTe0.0) VII)==1.0%V{1)
LSE %SS AND WDD FOR SPEED AND DIRECTION NOW

WSSEIF=SQRT(LUCT) I *¥2+(V{]))#%2)
B=UL T /V(1)
A=ATAN(ABS(B))Y#57.29578
1F(B8) 371,371,372
IFLULT Y)Y 373,373,374
Az360.~A

GO TC 276

A=180.-A

GD TN 376

IF(UCL Y)Y 378,378,376
A=A+180.

A=A+180.,

IF{A.GT360.) A=A-360.
WORL L) =A

MODIFY WIND DIRECTION TO THE GéNERAL MET -CONVENTION

WOR{ 11 =WOD(T1}+180.
IF(ADNL1).GE.360,) WOD(I)=WDD(1)-360.

MAKE U POSITIVE POINTING EASY AND vV POSITIVE POINTING NORTHWARD

UI)=—1.0%U(1)
VIT)==1,0¢V(I)
COoO 7D 613
WON(1)=997.9
wSS{1)=99.9
ull11=99,9

V1) =99.9
IFP{1)=0
R{11=999,.9
ATH({ 11 =999,
CONT INUE

PRINT THE RESULTS

KH = 0
IF(KAT LT+ 10) KT=KAT
D0 55 K=1yKLM

ADD STATION ELEVATION TO HEIGHT CF SONDE
YSUK )= YS(K) +HT
PRINT.9'S IF WIND VALUES END BEFCRE THERMO DATA

TFITMOR (K)o GELTHNG (KT=1)) UK} £99.9
IF(THOR (K} s GELTMNG(KT=11) VIK}=99.9
IF(TMAOR{K) s GELTMNGAKT=1)} R{K}=999,9
[F(TMOR(K) «HETHMNGLIKT~1}) ATH{K)=999.
IFATMOP[K) « GELTMNGIKT=1)) WDD(K)=993.9
IF(TMOR (K)o GECTMNG(KT=-1}) WSS(K)=%99.9
IF(TMOR(KY GELTMNG(KT=1)) IFP{K})=0
[E(TMORIK) s GELTMNGIKT=1)) TASM(K)=0
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30
917
962

963

94

60

55

oo

997

9366
9367
9266

[3 Xa
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PRINT A * TC SHOW SMODTYHING AND INVTERPOLATION INSTEAD OF A 1

IFCIORINGK ) LEQ.0) TORINUK)=BLANK

IFLIORINGK ) o ED.1) FORIN(K) =AST

IF(IFPIK)LEQ.D) IFP LK) =BLANK

IF{IFPLK)VEQLL) IFPIK)=AST

JF(TASMIK) JEN.0) TASMUK) =BLANK

IFLTASMEK) JEQ.1) TASM{KI=AST

TFIMODIKHL 45)) 94,93,94 )

WPITELG6+90) DS ANAMECE) y1=1 T2y IDLe IXe 1Y 0200034104 ,KLMP(KLMYy
1EIMEN

FORMAT (1HL 4 56X, *STATION NOo *:154/451X4TA4y//y
LSTX,y (202X, 3A34 019" v 12970 6EXe 141 Xe 'GMT 350X [391XsF5.042Xs 11}

IF {1 IMINJNE.O) WRITEL649T77)

FORMATLY *, *ANGLES ON THE HALF MIMUTE HAVE BEEN LINEARLY INTERPOLA
1TED FUOM WHOLF MIMUTE VALUES')

YRITELH,962)

FUOMAT (10 y P TIME y4X P CNTCTY (4 X, "HETGHT' 44X, '"PRES®
ISX ' TREMP 93X "DEK PY y4X s "DIRY 94Xy 'SPEED Y9 3X
2% CO%PIyax, ' COYPY,3X, 'POT T*,3X,'€ POT T,

B MY RTIYGX, TRHY, 4X ' RANGEY 42X, 1AZY)

thTE(6'963l

FRM AT (¢ .lX,'MlN'.lsx.'GPM',6X;'MB'v6X.'DG Cty
LaX DG CV6Xe NG 34X+ H/SECT 44Xy tM/SECY, 4X,
2V/SEC T 34X 0 T06 KTy AX P DG KV 96X P GM/KGY 94Xy
ALDLT Ao TKM! ¢ 3X DGy /)

WP ITEL 6y 60) IMJR(K)VCTC(KD'VS(Kl.P(K)vTClK),XORIN(KDv
PYNIK) s WIDOK Y oASSUKY s IFPEK D oUIK Yo VIKD oPTKIK), EPOT UKD,
2WUK) yHVTK) o PLK D ATHIK)

FORMAT LY P 5 FS. 193X sF 54 193%0FTals3XsFbelo3XyESaly
LAG FS Ly 3XaFSe LodXeF 5. 19AL92X, F6aly3XsFboly
23X 1FSe 1o AX g F5a195XK1Flhe Ly 4XeFSa1y3XsFS5ely 1XyFba0)

KH=KHel

CONT INUE

WP ITE THE. [AFORMATINN ON TAPE USING NO FORMAY

WRITEL3) : [OSINAME» TDLr IXoTYy 22 ED34 1D%,
LKLMy PUKLM)  TIMINGTHOR, CTCyYS4P,TCy
2IPRINY TDWNDD sWSSeIFEP UV o PTKHEPOT,
AN HM YR WATH

CONTINUE

GO TN 9266

WRITE(6y9367)

FORMAT (' 1! o "ERROR IN READING TAPE')

CONT INUF

REWINDL

REWIND3

sTRP

END

‘SUBRTUTINE MOPRT(IX+ 1A 18, 1C)

DIMENSTON TML(12),1M20120,1M3(12)

CATA IMI/3HJAN, BHFEB.BHMAﬁ,3HﬁPR,3HMAY,3HJUNo3HJUL'BHAUGqBHSEPO
13HNC Ty 3HNIV 3 3HDEC/

CATA TM2/3HUAR; 3HRUAG3HCH y3HlL +3H v3HE  ¢3HY Q3HUST'
L3MTEM, 3HOB E, 3HEMB, IHEMA/

CATA TM3/3HY 3IHRY ,6%3H +IHBER¢IHR - ¢3HER »3HER /

1t=1X : : SR :

1A= IMICT LD
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[aNeNal

11001
22001
22002
220023
22004
22005
201t
202
208
211
213
221
226
232
238
2410
248
250
255
259
261
265
304
311
317
327
1340
349
363
402
405
425
429
433
451
456
486
494
518
520
‘528
532
© 553
562
606
637
645
654
655 .
642
72
734
764

747

IB=IM2{1T1)
1IC=IM3(11)
RETURN
END

//$DATA

ClS2 3466
€362 0524
C3¢L2 3466
C449 3479
0423 3515
€eEl 3510
0003 2458
€004 2583
Co13 3291
c0C8 2792
G044 3125
€022 3050
CeS7T 3225
CO0L 2933
o1co 3233
£0C5.3008
CG79 3250
COCT 2592
€033 2833
0399 3233
0314 2933
€873 3193
C004 9526
G246 3394
€275 3508
€180 3625
079 3474
€438 3690
1065 3524
C0C4 3784
CO0E5 3898
C246 3836
€298 3986
Cl175 3866
C7%1 3776
C268 3907
0007 4036
0016 4167
C086 4275
€359 4053

€218 4293

€200 4067
C4C3 4136
€847 4114
0020 4366
C236 4297
0210 4449
€292 4439
08316 4558
€966 4405
C191 4696
€221 4686
(503 4676

C359 4857
/#END

08670
09746
09881
09769
09847
09796
08168
08027
08002
08252
08241
08652
08641
0EG4L
09008
09318
06382
09743
09692
09825
1C092
10219
075%7
08332
07995
03657
08224
093291
1CLle9
07549
07748
08254
08410
08898
09998
09562
Q7377
06598
07378
08024
07874
08968
09601
100&8
07032

08375

088ts

09820 -

09418
10307
06801
07435
10075

09337

MARSHALL SPACE FLIGHT CENTER
NORMAN, OKLA
FTe STLL, OKLA
LINDSAY, NKLA
FT. COBB, OKLA
CHICKASHA, OKLA
KEY WEST, FLA
MIAMI, FLA
CHARLESTON, SC
"TAMPA, FLA
WAYCROSS, GA
EGLIN AFB, FLA
MONTGOMERY, ALA
800THVILLE, LA
JACKSON, "MISS
LAKE CHARLES, LA
SHREVEPNRYT, LA
RROWNSVILLE, TEX
VICTORTA, TEX
STEPHENVILLE, TEX
DEL RID, TEX
MIDLAND, TEX
HATTERAS , NC
ATHENS, GA
GREENSBOR0O, NC
NASHVILLE, TENN
LITTLE ROCK, ARK
MONETTE, MO
AMARILLD, TEX
WALLOPS ISLAND, VA
DULLES AIRPORT, VA
HUNTINGTON, WVA
DAYTON, OHIO
SALEM, ILL
DODGE CITY, KAN
TOPEKA, KAN )
KENNEDY ATRPORT, N Y
CHAT A, ‘MASS
ALBANY, N Y
PLTTSBURG, PA
BUFFALO, N Y
PEORI Ay - ILL
OMAHA, NEB
NORTH PLATTE, NEB
PORTLAND, ME
FLINT, MICH
GREEN BAY, "WIS
HURON, § D
ST CLOUD,  MINN
RAPID CITY, S-D
CARIBOU, ME :
SAULT STE MARIE, MICH
BISMARCKs; N D

INTERNATIONAL FALLS, MINN
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APPENDIX E

Use of the First Difference Program

The number of soundings beginning with the first on which first
differences are computed is read from a card; results from the master
reduction program are read from,magnetic tape using DCB = (REGFM = VS,
DEN = 3). The program has an object code of 8,240 bytes and an array
area of 33,148 bytes. Results are printed using the same format that

was used for the master reduction program (Fig. 6).

119
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i : C THIS PROGRAM COMPUTES FIRST DIFFERENCES OF
‘ C QUANTITIES (OMPUTED AT PRESSURE CONTACTS

C SUMMER 19T4==HENRY FUELRERG. . | :

C ARRAYS A AND 1A ARE CRIGINAL SOUNDIN® DATA .

C ARRAYS B AND IB ARE FIRST DIFFERENCE DATA : .

c

CIMENSION A(230,16),8{230+16),1A(230,2)+18(230,2)
: INTEGER AST, BLANK, NAME(7}

CATA ASTy BLANK/lH#*,1H /

REWINDL

i
{
i
{
!

c -
C N IS THE NUMBER OF SOUNDINGS TO COMPUTE
c

READy N
00 500 lSOUND-l-

READ IN THE DATA

[aXaNal

READ(1yERR=GL,END=501) IDS{;NAME, ID1,IX,1Ys12,1D3,1ID4%, ;
lKLM PMIN'IIM“\H(A(lyJ)vl*le:iO)yJ 1yS5)e({TACT,1)+1514230),

RACALL, )0 T=1,230)5d%608) o LTA(I42)41=14230), . ’ o
3((A(11J)'I"1v230) J=9,16) ' &

COMPULTE FIRST. DIFFERENCES
KLML=KLM=1
COMPUTE BY ROWS

CO 400 I=2,KLM1

faXakal e XaKal s XaXel

INITIALIZE IB ARRAYS WITH BLANKS

IB{T,1)=BLANK
IB(1,2)=BLANK
K=1
C
C COMPUTE BY COLUMNS
C !
DO 300 L=1,16

C .
C DON'T COMPUTE FIRST DIFFERENCES [F A VALUE WAS MISSING (9°S)
G ' A
TF(A(K¢L)sEC.999.91G0 TO 313
IF(A(K L) EC.99.9160 TO 314
TF(A(K=1,L) .E0.999.91G0 TO 313
IF(A(K=1¢L) . EQs99.91G0 TO 314
BUK LI=ALK, LY=AK=1yL)
GQ TC 300 L
313 B(K,L)=999.9
GO TO 300 = - ‘ -
Lo 316 BIK, L) =999 ' S : : .
L 300 CONTINUE
e
! " ¢ KEEP WP WITH $TARRED VALUES : ~ ;
C INDICATE INTERPOLATED VALUES BY A : .
C INDICATE WINDS THAT WERE COMPUTED WITH ELEVAIION ANGLES LESS THAN 10 DG.
c

; TF(TA(Ky 1) o EQ. ASTHB(K'l) ASY
i S IFATALK=192 L) GEQ.AST)IIB(Ky 1) =AST
j CIF{TALK,2) eEQeASTIIB(K2)=AST
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TFETAIK-19)2) oEQeASTIIB(K,2)=AST
400 CONT INUE
C PRINY THE RESULTS AS BEFORE
KH=0
NO 55 K=2,KLML
FF(MND(KHy 45)) 54,93,94
93 WREITE(G,90)INS5,INAME(T Do I=0sT) ol0L,IXs1YelZ,10D341D%,
LKLM, PMIN, I IMIN
00 FOFMAT (LML, **%FIRST DIFFERENCES*#! ,36X,?STATION NO, ?
SISy /7 oSUK g TAG /7 9STXe1202X%93A34 119" 41207961 Xs 14 ¢l Xy
2'GHT 'y 5NXe I3¢1XsF5.Ce2%, 1)
TFLTAIMITINE LOIWRITE(64,97T7) .
977 FORMATL(Y ', 'HALF MINUTE ANGLES WERE LINEARLY INVERPOLATED')
WRLTELG6,902)
962 FOPMAT{ 90" FTIMES AX,VCNTCT? 44X, "HEIGHT" 14Xy "PRESY,
ESXe ' TEMP Y3 3X'DEW PTY:4X"DIRY 44X, "SPEED?y3X
2 CCUPY,3X, 'V COMPY ,3X,'POT T',3X,'E PNT T',
F3X TMX RTD" 45X 'RHY L 4X o' RANGE® 12X, 'AZ')
C WRITE (64963)
963 EDRMAT(Y 1, Xy "MIN' 15X, 'GPMYy6X 4" MB',6X,°0DG C*,
14Xy DG CY'0Xe'DGYyaX9"M/SECG' +4 Xe *M/SECT, 4X,y
2'M/SECY 44X DG K p4aXy'0DG Kty 6X,y*GM/KG' 94Xy
I'PCT's6Xe* KM 43X DGy /)

C
C THE PRESSUPE CONTACY A(K,2) IS NOT DIFFERENCED BUT THE FORWARD
C VALUE IS PRINTEC IN‘- ORTGINAL FORM
c B
9% WEITF(6060) BIKs1)oA(K2) o (BIKyL)sL23,50,IBIKy1)y
LIRIK L) o =6,8) 0 IB{Ky 2! y({BiKelL) 3L =916}
L0 FORMATLY ¥ [ FS. 19 3XpFS. 1y 3XiFTalyIXsFOs103XsF501y
184yF5.192X1F6el93XsFS5ebo192X1F6e193XeF6ly
23X F S5 Ly aXyFSely 5X0F&ely4XyFSels3X9FSel o IX9F%e0)
KH=XH+1
5% CONTINUE
500 CONT INUE
GO Tn 501
91 WRITE(6,911)
911 FORMATIY1', "ERROR IN READING THE TAPE')
6070 501 . :
501 REWINDI
: sTnep
END
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APPENDIX F

Use of the Correction Program

Two tapes are needed; the first contains the original angle,
ordinate, and baseline data. The tape is non-labeled and has DCB =
(RECFM = FB, LRECL = 80, BLKSIZE = 1600, DEN = 3). The second tape
will contain the corrected data and has the same tape parameters as
the first. The program has an dbject code of 7,040 bytes and an array
area of 40,000 bytes. The first data card read specifies the total
number of soundings for which data are to be transfefred to the new
tape. This card is followed by a sequence of cards for each sounding.
One card specifies the number of corrections to be made on each sounding

which is followed by a series of locator cards and correction cards that
were described in Section II-E. If no corrections are made to a
sounding, only the date and time 6frthe sounding is printed on paper,
but if corrections ére made, the new éoﬁnding data is printed until two
recordsbafﬁef the final correction, The ?rinted output facilitates é

verification that the corrections have been made.

i

AR W)




e NaXeXa)

00

OO0 (g Na)

102

la¥aNalal

(a2 NelaleRelel

951

OO Aao0on

THIS PROGRAM REPLACES INCORRECT RECORDS ON THE RAW DATA TAPE
WITH THE CORRECT RECORDS

SUMMER 19764=--HENRY FURLBERG

CHARACTER®80 OCARD(500),NCARD

REWIND L

REWIND3

'NSNUND IS THE NUMBER OF SOUNDINGS TO CHECK

READ ¢ NSOUND
DO 100 TSIUND=1y NSOUND .

NCOR 1S THE NUMBER OF CORRECTIONS IN THE GIVEN SOUNDING
READyNCOR
PEAD THF ' LEADER CARD'

READ(L+1C2yERR=900) IMO, IDA, I7YR, ITMy ISTA,ICDS
FORMATET 2y DXp 129 2X0 020 1Xy Ty 1Xy15:2X413)

1F CORRECT [OMS ARE TO BE WADE ON THE 'LEADER CARD',
HERE IS5 THE PLACE 70 0O IT

WRITE(3,102) IMO,IDALIYR,ETM,ISTA,ICDS

WO IYE THE 'LEADER CARD' ON TAPE AND PAPER -

IF NO CORRECTIONS ARE 7O BE MADF ON THIS SOUNDING,
THIS IS THE ONLY PRINTED INFORMATIDN THAT HILL APPEAR
FOR THIS SOUNDING

WRITEL64102) lHOoIDAvIYvaTH.lSTlthDS
CONT INUF -

1ICDS IS THE NUMBER OF "RECORDS. IN:-THE SOUNDING
REAND ALL THE RECORDS IN.THE SOUNDING

DO 200 1=1,1CDS
NCARD IS THE RECORD CURRENTLY ON TAPE
READ (14202 ERR=906) OC ARD( I}

123
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202 FORMAT {A80)
200 CONT INUE ' .
IF(NCOR.NE.O) GO TO 300

WRITE THE RECNRNS ON A NEW TAPE IF NO CORRECTIONS ARE NEENED

OO0

; Cn 250 I=1,1CDS
| WHITE(3,251) OCARO(1)
; 251 FORMAT(4B80)
: 250 CONTINUE
i GO TO 100
300 IST=1
MAKE SUBSTITUTIONS FOR INCORRECT RECORDS
BO 400 J=]1,NCOR
CAROND IS THE NUMBER OF THE RECORD TO CORRECT
READ,C ARDNO

NCARD IS THE CORRECT RECORD YO BE PLACED . ON TAPE

QOO0 o000 o0

FEAD(5,40L) NCARD
401 FORMAT(A80)
0O 450 K=1ST,1CDS
KL =K ,
IF (K .EQ.CARDND) OCARD(K)=NCARD

WRITE ON TAPE AND PAPER ALL RECORDS UP TO THE LAST CORRECTION
OF THE SOQUNDING

OO0

WP ITE(6,481) OCARD(K)
481  FORMAT{1X, A8D)
‘ WRITE(3,451) OCARD(K)
! 451 FORMAT{ABD) :
IF(K.EQ.CARDNG) GO TO 455
450 CONTINUE
455 CONTINUE
IST=KL+1
400 CONTINUE .
IF(IST.GT.ICNDS) GO TO 100

WRITE THE REMAINING RECORDS ON .TAPE
HRITE(3v451’V(OCARD(KZKIKZ;IST’ICDS’
WRITE TWO MORE RECORDS ON PAPER AFTER THE 'LAST INCORRECT RECORD

OO0 000

WOITE(6y481JCCARDIIST) R _ T o
WRITE(6,481 3 NCARD(IST+1) o Sl .
Lo 100 CONTINUE L ; :
! G0 TO 901 . S N
] ‘ 906 WRITE(6,907)" : ERRRI - : ,
907 FORMAT ('1¢, *ERROR IN READING TAPE®)
901 REWINDI .
REWIND3
stTap
FND
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APPENDIX G

Use of the Pressure Interpolation Program

Data from the master reduction program is read from a non-labeled .
tape with DCB = (RECFM = VS, DEN = 3). A card is read that specifies
the number of soundings that will be interpolated beginning with the
first sounding on tape. The program has an object code of 9,768 bytes
and an array area of 20,188 bytes. Results are printed on paper with
the same format that was used in the méstef reduction program (Fig. 8),
and they are transferred to a second non-labeled tape with DCB = (RECFM =
VS, DEN = 3)., The format of the‘tape is described in Table 7; quantities

have a dimension of 50 instead of 230 which was used in the master

reduction program.
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c CONVERT DATA TO 25-MB INCREMENTS
¢ SUMMER 197 4--HENRY FUELBERG
e . B IS THE 25-MB DATA
€ . A IS ORIGINNAL DATA
¢ ‘

_:U“ENSION Al230,16)y B(50+16), TA(23042)s 1B(50,2)
INTEGER AST, BLANKNAME(T)
CATA AST,SLANK/LH®y 1H /

f REWINDL
; REWIND3
c \
¢ N IS THE NUMBER OF SOUNDINGS TO COMPUTE
¢ .
READ N
DO 530 LS=1,N
c
c INITIALIZE THE NEW B ARRAY
c

00 503 1=1,50

00 504 J=1,16

8(1,J)=0.0
S04 CONTINUE

IR({1,1)=BLANK

18(142)=BLANK
503 CONTINUF

READ IN THE DATA

o000

READ(LyERRI=G1;END=501) 1D5/NAME, IDL1, IX, 1Y, 12,103,104,
LRLMy PUIN, TIMINS ((ACT5d )al=14230) 3021 95)e{TALLs1)41=1,230),
2UCALT ) e1=142300,J=6,8)9(1A4142),1=14230),
3U0ACI9d)¢1=14230),459,16) .

i

LEVELL ON NEW SCHEME I'S THE SURFACE

OO0

C2 200 LA=1,16
B{l,LA)}=A(1,LA)
200 CONTINUE
a(1,1)=1401,1}
1B(1,2)=1A(1,2)

¢
< BEGIN LINEAR INTERPOLATION STARTING AT 1000 M8
C 5
P=1000.
N0 300 1=2,41
c ,
C IF SURFACE PRESSURE IS LESS THAN THE PARTICULAR 25-M8 LEVEL,
c PRINT 9+S INSTEAD OF VALUES
c R
IFLP.GF.ALL,4)) GO TO 550
c
< {F THE 25-MB PRESSURE IS LOWER THAN THE MINI MUM SOUNDING PRESSURE, -
C PRINT 91S INSTEAD OF ACTUAL VALUES
c
IF(P.LT.PMIN) GO TO 550 o
; =1 . , \
: c , :
| C FIND PRESSURE LLVELS OM WHICH TO INTERPOLATE

| c
: on 301 J=1CT;230 . :
i . K=y : : 4
e IF(A(J*144).LE.F) GO TN 302 :

©301. CONTINUE
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302 1CT=K ,
Bl Yy 4)=p

c
o c DP IS THE INTERPOLATION FRACYION
c .

DP=(P-A(Ky &) )/IAIK L 0 )=A(K &) )
€0 305 1=1,16

DON' T INTERPOLATE PRESSURE (L.EQ.4)

YO

IF{L.EQ.4) GO TO 305

(e XaKal

IF A VALUE USED IN THE INTERPOLATION 1S MISSING PRINY 9'S

JFLA(K41,L).FQe999.9) GO TO 313
IF(A{K*+1,L).EQ.99.9) GO TO 314
IFLA(K,1L):FC.999.9) GO TO 313
TF(AIK, LY. EC.99.9) GO TO 314

A SPECTAL SCHEME 1S USED YO INTERPOLATE WIND DIRECTION
fL.EQ.T) SENCE IT MAY OSCILLATE ARCUND 360 DEG

OO0

IFIL.ERQ.T) GO TO 320
TE(LLaFRo06) eANDGIA(KSL,16).E0.9G6F,)) GO TO 324
TFUILAER L) ANDlALKy 16).,EQ.,999.)) GO TO 3264
BULeLISALK LIYDP*EALKS L, L)=ATK,L))
G0 T 305

313 8L1,L)=999.9
60 TO 305

314 B(1,01)=99.9
GN 10 305

324 P(1,16)=999.

: GO TD 305

320 LCAZ=A{Kel,L}-A{K,L]}
Bl L)=A(K,L)+DPRDAL
IF[ABS{NAZ)«GT.180.) BUI,L)=B(T1,L)+180.
IE13(14LYaGE.360.) BiI,LI=B{1,L)=360,

305 CONTINUF

KEEP UP WITH STARZED QUANTITIES

[z ¥ e}

. ; 1E(TA(K#1; 1) JEQ.AST) IBII,1)=AST
| , ' 1FLEAIK) 1} o EQ.AST) 1811,1)=AST
1: | IFCIALKeL, 20 .FQ.AST) [BU142) =AST
| , © . TF(UAUK 2) JEQ.AST) IB(1,2)=AST

| ; _ GO TO 309 .

FILL IN MISSING DATA WITH 9¢§

SO0

| { ) $50 . CO 307 L=1,13
| BLI,L)=99,9
i 307  CONTINUE
AL L, al=p
; BT, 12)=2999.9
3 BlI,14)=2999.9
: BTy 151=2999.9
8( 1y 161=999,

SUBTRACT 25 MB FROM P AND INTERPOLATE AGAIN

OO

309 PxpP=25,
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300 CONTINUE
PRINT THE RESULTS

la¥s¥2}

WRITE(6,90) IDS,{NAME(T) 31=1473, 101y IXy1Y,12,1D3,1D4,KLM,PMIN,
1 I1IMIN
G0 FORMAT(LHL, 56X, *STATION NO. *, 154/ 451Xy TA%s/ /s
187Xy §292Xp 383,019 )12+ /361K 144 L% 'OMTY 450X e I341XeF5.002%911)
IFUIIMINNE.O) WRITE(6,977)
977 FORMAY(* ', YANGLES ON THE RALF MINUTE HAVE BEEN LINEARLY INTERPDLA
LTED FROM 5/HOLE MINUTE VALUESY)
WRITE(6,%62)
962  FORMAT(10', *TIME®,4X " CNTCT*,4X, "HEIGHT! 44X, 'PRES"
LOX o' TEMP Yy 3X+'DEW PY 204X "DIRY »& Xy '*SPEED*#3X
21 GOMP* 33X,V COMPH 33X, 'POT T4, 3X,'€ POT T7,
33Xy *MX RTO® 3 SXy *RHY , X s "RANGE* 42X, VA2 )
WRITE(64963)
963 FORMAT(* 1, IXy *MIN', 15X, 'GPM?, 6Xo'MB Y 6X4'DG C*y
14Xy'06 Cry6Xy' 00 19X M/SECH 4 Xy "M/SECY, 4X,y |
2M/SECY 4%, '06 K'y4X DG KOy6X,* GM/KG y4 Xy
3IPCT 66Xy "KMt 43X o' DG 9 /)
DN 55 12=1, 41 )
WP ITE(6+60) (BUIZel) T=LyS)eIR{IZy1)o{BLIZy1)y1=648),
LIB{1Z,2),(8(1Z,1),1=9, 16)
60 FORMAT(Y ' 3 F5. 193X F5e 1e3XeFTale3X9Fbely3X4FSaly
184 ,)F5.1y3X 3 FSs1s3XeF5¢ 13AL12X9F6ely3XsFbaly
23X1F5- 1"'XOF5~115X|F’" LeisXsF Se 103x1F5.llevF4oo’
55 CONT INUE -
WRITEL3) 105 /NAME, 1D, IX, 1Y, 12,103,104y
TRLMyPMINe T I MING LBl 403, I=LaC50  9d=195),y (181141} 412140500,
2. ({B(1,J1,1=1,050),4=6,8)s(18(1,2),1=1,050),
UBLT,J)01=19050)9d=29y16)
500 CONTINUE
GO 10 S0l
91 WRITE(6,911)
GL1. FORMAT(*1*, *ERROR IN READING THE TAPE')
501 REWINDL
REWIND3
sTQP
END

|
{
!
i
i
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APPENDIX H

Known Errors Remaining in the Reduced Data

Locations of errors in the basic parameters =-- temperature,
pressure, humidity, time =- are given by date and time. Errors in the
basic parameters will be reflected in the quantities derived from them
such as pressure-altitude, winds, potential temperature, etc. Suggested
corrections are given where possible for some of the derived parameters;
other corrections can be calculated from the corrected basic parameters

and the appropriate equations,

Station Date/GMT
221 ; All time Azimuth angles are 180° out of phase,
Eglin AFB, periods Correct derived wind direction and
Florida balloon azimuth location by 180°, U and
V wind components are 180° out of phase,
250 12/0600 The baseline (sirface) wind direction
Brownsville, should be 140°, Correct U and V wind
Texas components  accovdingly.
260 All time SEP on the raw data tape is indicated as
. Stephenville, periods station 259 instead of station 260, The
Texas error does not exist in other tapes.
261 11/1500 The surface pressure should be 966.9 mb,
Del Rio, Pressure-altitude may be corrected by
Texas™ subtracting 268 m from each value given,
261 11/2100 The surface wind direction should be 330°,
Del Rio, , Correct U and V wind components accordingly.
Texas '
494 12/1200 The surface pressure should be 1013.7 mb.
Chatam, - ‘ Pressure~altitude may be corrected by

Massachusetts ‘ ' subtracting 34 m from each value given,

S SR 10 e et e e et T - i T e e s e e E T D LD M e A
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Station

520
Pittsburg,
Pennsylvania

520
Pittsburg,
Pennsylvania

528
. Buffalo,
VNew York

637
Flint,
Michigan

734
Sault St.

Marie;,
Michigan

747
International
Falls, Montana

11001
Marshall
Space Flight
Center, Ala.

22004
Ft. Cobb,
Cklahoma

All
stdations

Date/GMT

11/1800

12/1200

12/0900

11/1500

All time
periods

All time
periods

All time
periods

12/0100

ALl time
periods

The surface pressure should be 968,8 mb

at contact 8.2. Correct pressure-altitude
by subtracting 104 m from each value given.
Contact 8 is non-existent.

The surface pressure should be 961.3 mb.
Pressure-altitude may be corrected by
subtracting 21 m from each value given.

Abrupt change in elevation angle at 46
min after release, . Cause unknown,

The surface pressure should be 979.3 mb.
Add 52 m to correct pressure-altitude.

Sondes were released during light rain
and/or fog in near freezing temperatures.
Very high humidity values may be due to
a faulty sensor, and cannot be corrected..

Incorrect station elevation was used;
subtract 12 m from all heights,

The surface pressure should be 961.7 mb.
Add 93 m to all heights to correct
pressure altitude.

Station number, date, and time should not
be read from ordinate or angle records on

the raw data tape since:these values are

often incorrect, These values should only

. be read from the baseline record,’
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APPENDIX I

Missing Soundings

Soundings were not computed at the following stations and times for the
stated reasons. Soundings are available at other stations for each of

the 9-time periods.

Station Date/Time - Reason_for Omission
208, Charleston 12/0252 Techﬁical problems in. the reduction
process.
226, Montgomery 11/1500 Ordinate data not available due to
a malfunction in equipment.
255, Victoria 12/1115 Technical iproblems in the reduction
process.
265, Midland 11/1200 Ordinate data not available due to
a malfunction in equipment.
22003, Lindsay 12/0300- Soundings not taken.,
. ‘ 12/1200
22004, Ft. Cobb 12/0300~ Soundings not taken.
12/1200
22005, Chickasha 12/0300- Soundings not taken.
12/1200 ,
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