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ABSTRACT

The ARTY/GWC method for providing meteorological messages for artil-
lery firings was tested in this study. In this method, Global Weather
Central (GWC) 18-hour prognostic fields are updated continuously using
Amy Corps upper-air soundings. This establishes a prognostic data base
from which meteorological messages may be extracted when required. The
testing of the method consisted of comparing actual and simulated cannon
firings, using data from the artillery field experiments that were carried
out at White Sands Missile Range in November and December of 1974. The
accuracies of the simulated artillery firings using the ARTY/GWC method
were not significantly better than those obtained using established tech-
niques. However, improved accuracies with this method should be possible
when prognostic products become available that are generated by numerical
models designed to treat regions of limited size in more detail, particu-

larly with regard to the boundary layer and mountainous terrain.
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I INTRODUCTION

The success of artillery cannon firings depends significantly on
For the purpose of improving

the accuracy of meteorological (MET) data.
on ballistic MET messages and artillery accuracies, the U.S. Armmy carried

out the Prototype Artillery Subsystem (PASS) field experiments in late
These experiments

1974 at White Sands Missile Range (Barnett, 1976).
consisted of Howitzer firings concurrent with upper-air soundings at

ten MET stations (Figure 1).
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FIGURE 1 UPPER-AIR SOUNDING STATIONS AND ARTILLERY FIRING-IMPACT
EMPLACEMENTS — PASS FIELD EXPERIMENTS




The PASS data were used recently by Blanco and Traylor (1976) to
compare different methods of providing artillery MET messages. They
found that methods based on multistation analyses did not provide signi-
ficantly better input for the artillery firings than did the standard
method of using upper-air observations of a single dedicated station.
However, the larger firing errors were during days when the wind changed
significantly over time periods of one to three hours. This indicates
that accurate forecasts of the changing meteorological conditions should
lead to significantly improved artillery accuracy. The ARTY/GWC method,
tested in this study, is an attempt to provide such forecast MET mes-
sages by utilizing the U.S. Air Force GWC prognostic products.




II THE ARTY/GWC METHOD

The ARTY/GWC wmethod was developed and implemented in the form of

computer programs in a previous study (Mancuso and Hadfield, 1976).

Flow diagrams of the various computer programs used in the present

study are shown in Figures 2 and 3.
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U.S. Armmy upper-air data for the project PASS period were first processed
using the computer programs GWCDAT and ARMDAT (Figure 2). These programs
converted the data into a form suitable for the ARTY/GWC programs. The
ARMDAT routine also decodes, identifies, selects, and orders (chronologi-
cally) the various types of meteorological sounding data that were col-

lected during project PASS.

The computer programs of the ARTY/GWC analysis method consist of

the Prognostic Data Reanalysis Routine (PDRR) and the Artillery Applica-
tions Routine (AAR) as illustrated in Figure 3. The PDRR uses U.S. Army
weather data to update the GWC prognostic fields at the mandatory levels.
The GWC analysis and prognostic data are used initially to determine the
speed and direction of the weather pattern movements by using a pattern-
tracking technique developed by Wolf (Mancuso and Wolf, 1974). The GWC
data are then interpolated onto a minigrid that provides the basic
structure for performing the remaining computations. The Army upper-air
sounding data are used to update the GWC prognostic fields. The Army
observations are grouped within 40-minute time intervals, and are treated
as sets of data occurring at the midpoint of the time intervals. The first
set of observations is used to initially update the GWC prognostic fields.,
This updating consists of obtaining new grid-point values based on both
the Army upper-air observations and GWC grid-point values. The new
grid-point values are computed by a least-squares fitting of a first-
degree polynomial to nearby data, using an elliptical distance weighting
(Mancuso and Wolf, 1974). Difference fields between the original and

| updated GWC prognostic fields are then computed. These difference fields

: are moved with the speed and direction of the GWC patterns, and are used

| to update the GWC prognostic fields at later times. Second and subsequent

i sets of Army observations are similarly used to further update the most

recently updated GWC fields.

The output of the PDRR program (updated GWC fields) is used as input
by the AAR program. In the AAR computer program, an updated GWC sounding
profile is constructed for the specified time and location of the cannon
firing. A guide profile is also used to aid in interpolating between
mandatory levels. The guide profile is obtained either from:
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e A single dedicated station
e The best available station, or by

e A multistation analysis.

The latter of these is based on a first-degree polynomial fit of distance-
weighted data as in the updating analysis. However, in the case where
only the simulated Corps stations are used (Figure 1), then the multi-
station analysis is reduced to a simpler distance-weighted averaging

of the data. The latter is similar to the distance- and time-weighted
algorithm of Blanco and Traylor (1976). The AAR program is also used

to convert the final updated GWC profile into a computer MET message
format (U.S. Armmy, 1970). The output of the AAR program (computer MET
message) is used as input by the Ballistics Research Laboratory's Bal-

listic Trajectory Simulation (BRLBTS) program.

Various improvements and corrections to the previously developed
PDRR and AAR programs (Mancuso and Hadfield, 1976) have been made in
this study, in particular to give an optimum analysis and editing of
the data. Listings for the program routines that have been modified
are given in Appendices A and B, The unlisted routines in addition

to the procedures for reading in program control parameters are identical

to those given previously.




III PASS AND GWC DATA

The PASS upper-air measurements and cannon firings were made at the
times shown in Figure 4. The PASS data for December 5th and 7th could
not be used, since the GWC prognostic data were available only through
1800 GMT of December 5th. Also, the initial firings on November 12th
and 1l4th were excluded so that the simulations could be based entirely
on the GWC prognostic products that were derived from 1200 GMT analyses.

Thus, a total of 61 firing cases were used in this study.

The PASS upper-air measurements were made at the ten different
stations shown in Figure 1, with five of these sites being used to simu-
late an operational Corps MET network. T9 radar wind measurements were
made every hour, while AN/GMD-1B rawinsonde measurements were made every
two hours; one-half hour separated the MET observations made at Corps
sites from those made at non-Corps sites. One type of data input that
was used in this study, and referred to as GMD, was based mainly on the
rawinsonde data. However, each rawinsonde observation was updated at
the following hour by replacing the rawinsonde winds with the more recent
T9 radar winds. A second type of data input that was used, and referred
to as GMD/T9, consisted of winds based entirely on the T9 radar wind
measurements., However, this latter type of input was inferior, because
the T9 winds were less complete and not as reliable as the standard

rawinsonde winds.

The PASS upper-air measurements had been converted in the field into
both computer MET messages and Air Weather Service (AWS) MET messages.
Computer MET messages were prepared using both the GMD and GMD/T9 type
data. However, the AWS MET messages were prepared using only the GMD/T9

type data.
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IV SIMULATION. APPROACH

The approach used in this study to evaluate the ARTY/GWC method
was based on the Ballistics Trajectory Simulation program developed by
the U.S. Army Ballistics Research Laboratory. With this program the
point of impact is computed in terms of the range (R) and a cross com-
ponent or deflection (D). The difference between a simulated point of
impact (Rg, Dg) and an actual point of impact (R, D,) is caused by
errors associated with the:

e Interpolation or extrapolation of meteorological data in both

time and space

e Meteorological measurements

e Location of the actual impact (R, Dj)

e Quadrant elevation and azimuth angles

e Muzzle velocity

e Projectile characteristics (weight, shape, etc.).

Measured values for these last four elements are actually based on mean
or representative values for a series of cannon shots that were made

within a relatively short time interval about a given firing time.

In order to evaluate the ARTY/GWC method, cannon firing simulations
were made for the 61 cases using MET messages from the ARTY/GWC method
and from more basic methods. The error variability of any given set of
simulations was described by the mean and standard deviation of the

quantities:

AR = R, - Rg ,

(1)

AD =D, - D .

The standard deviations of these quantities (GAR and OAD) and a probable
error (PE) are used primarily for comparing methods, assuming that the
mean deviations either are due to other sources of errors or would ap-

proach zero if the sample size was increased. It is important, however,

9




to consider the mean departures if they differ significantly. Error
ellipses were constructed for comparison purposes using standard statis-
tical theories for elliptical frequency distributions (Brooks and Carru-
thers, 1953). The probable error (PE) as defined in this report is the

radius of a circle about the mean which contains 50% of the impact points.

10




V SIMULATION RESULTS

A. GMD Data

The initial simulations of cannon firings were made using a multi-
station analysis of all available GMD type data within *20 minutes of
the firing times. This is equivalent to having instant data, and is not
realistic for Army operations with present measurement systems. However,
such simulations demonstrate the accuracy that would be possible with
accurate meteorological forecasting. The multistation analysis was
based on a first-degree polynomial fit of surrounding data weighted
inversely with distance, and is the same as the third guide profile re-
ferred to in Section II., The results for these initial simulations are
shown in Figure 5a, nevt to those that were obtained by using a standard
atmosphere with zero winds (Figure 5b). These figures show the differences
between the actual and simulated impact locations (AR,AD), computed ac-
cording to eqs (1). Since the location of the simulated impact may be
thought of as being the intended or desired target, the figures are
similar to a typical shooting target. As discussed previously, errors
from several sources cause the differences or target misses that are dis-
played in Figures 5a and b. The simulation results that were based on the
multistation analysis (Figure 5a) have a probable error (PE) of 39m, while
the results for the standard atmosphere (Figure 5b) have a PE value of
108m. The latter also has a significant mean error that is not reflected
in the PE value. These two results illustrate the importance of meteorology

in artillery ballistics,

Four different types of simulation results are shown in Figure 6,
again using data *20 minutes of the firing times. Figure 6a repeats
the firing simulation results for the multistation analysis that were
shown in Figure 6a (using an expanded scale), while Figure 6b shows
gimulation results that were based on a simple average of meteorological
profiles of the five closest stations. This latter type of analysis
gave a firing error distribution (Figure 6b) very similar to that obtained

11
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with the more delineating type of analysis (Figure 6a). This suggests
that the space interpolation errors have become relatively unimportant,
and that the scatter shown in both Figures 6a and b is principally due

either to rawinsonde measurement errors or to non-meteorological errors.

The results shown in Figures 6c and d are for cannon firing simula-
tions that were based on MET measurements from the best available* sta-
tion and a dedicated station (station 1, Fig. 1). The probable errors
(PE = 44 and 47m) are slightly larger than those of Figures 6a and b. The
results given in Figure 6 are consistent with those reported by Blanco

and Traylor (1976) that were based on only rawinsonde data.

B. GMD and GMD/T9 Data

The previous results were all based on the GMD type of data that were
described in Section III. When the simulations were made using a multi-
station analysis of the GMD/T9 type data, the cannon firing errors in-
creased by about 20%, as illustrated in Figure 7. Figures 7a and c show
results based on data 20 minutes of firings, while Figures 7b and d
show more realistic results based on data 40 to 80 minutes prior to the

firing time.

€. GWC Data

Computer simulations of the 61 cannon firings were also made using

MET messages that were derived completely from the GWC prognostic fields. 2
The results for these simulations were included in Figure 5 (c and d).
Figure 5c gives the results that were obtained based on the GWC products
in their original form. The probable error (106m) is comparable to that
obtained using the standard atmosphere; however, the mean error is sig-
nificantly lower. Since the GWC numerical model was not designed for
forecasting mesoscale features (particularly over complex terrain), it

was believed that improved results might be obtained by replacing the

*
The best available is defined as the observation with the lowest 6,
where 8§ = (time in minutes between observation and firing) plus
(distance in kilometers from cannon to observation, divided by 2).

14
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wind fields at the surface (~880 mb) and at 850 mb with ones that were

estimated from the 700 mb wind field. To account in an approximate
fashion for surface friction effect on wind speed (S) and direction (9),

these estimations were made as follows:

Sgso = 2/3 S99 8850 = ®700 -10°>

S

sfc 1/3 8

700’ Betc = %300 20" -

Figure 5d shows the results that were based on GWC fields modified in
this manner. Since a slightly lower probable error (99m) was obtained
using these modified GWC prognostic products, they were used with the
ARTY/GWC method.

D. GWC and GMD/T9 Data

Computer simulations of the cannon firings were made based on
meteorological input as provided by the ARTY/GWC method. Since the
PDRR program of the ARTY/GWC method was programmed to use AWS MET mes-
sages, the simulations were made using the GMD/T9 type data:

e At the time (20 min) of firing (61 cannon firings)
e One hour (40 to 80 min) prior to firing (61 cannon firings), and
e Two hours (100 to 140 min) prior to firing (48 cannon firings).

The results for the first of these are not illustrated since they were
the same (except for minor differences) as those shown in Figure 7c;
the ARTY/GWC and multistation methods are essentially equivalent when
there is no time difference (At) between the MET observations and cannon
firings. The simulation results that were obtained using MET data both
1 and 2 hours prior to firings (At = -1 and -2hr) are shown in Figures
8a and b, For comparison purposes, simulation results are also shown
for a multistation analysis of the same data (Figures 8c and d). The
probable errors associated with the ARTY/GWC method (PE = 55 and 57m)
were slightly larger than those associated with the multistation method
(PE = 52 and 54m).
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USING GMD/T9 TYPE DATA
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In the above experiments, all of the MET stations in Figure 1 were
utilized. When the more realistic set of simulated Corps stations de-
signated in Figure 1 was used, then the results shown in Figure 9 were
obtained. In these simulation experiments, the ARTY/GWC gave comparable
results to those of the multistation method (54 and 56m versus 53 and
57m), but the mean errors for the ARTY/GWC method were slightly larger.

In the results shown in both Figures 9 and 8, the ARTY/GWC method actually
provided superior temperature MET messages which resulted in lower range
errors but larger deflection errors, since temperature affects only the

range.

E. GWC and GMD Data

The GWC prognostic products influence the final artillery MET mes-
sage in the following three ways:

e The GWC values are included in the update analyses, but with a
weighting that becomes significant only at large distances
from the Corps data.

e The updated GWC fields are displaced in time using the motions
of the GWC patterns.

e The time changes in the GWC fields are added directly onto
the displaced updated fields at later times.
Inspection of the individual cases showed that the ARTY/GWC approach
failed when there were large time changes in the wind fields predicted
by GWC. This occurred noticeably on December 2nd, when the GWC prognostic
fields showed suspiciously large changes over a three hour period, that

were inconsistent with the Corps rawinsonde data.

Therefore, final computer simulations were made in which the third
of GWC influences mentioned above was excluded from the ARTY/GWC method.
In these final simulations, the GMD data were used rather than the GMD/T9,
since the errors associated with the latter tend to obscure the results.
This required a special program for converting computer MET messages
into AWS MET messages. The firing errors that were associated with using
data both 1 and 2 hours prior to the firings (At = -lhr and -2hr) are
shown in Figures 10a to d. The ARTY/GWC forecast method gave only slightly
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GMD/T9 DATA, RESTRICTED TO CORPS STATIONS (See Figure 1)
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smaller probable errovs than did the multistation persistence method
(47 and 52m versus 48 and 53m).

The AR and AD values for individual cases are listed in Appendix C

for the results shown in Figures 5, 6, and 10,




VI CONCLUSIONS AND RECOMMENDATIONS

This study showed that a significant reduction (25% to 50%) in artil-
lery firing errors is possible, if wind and temperature profiles for the
time and location of the artillery firing can be accurately determined,
either by direct measurements or by accurate forecasting. The ARTY/GWC
method for providing forecast artillery MET messages, that was tested,
provided results statistically equivalent to simpler persistence methods.
This indicates that the GWC prognostic products are not yet sufficiently
accurate and detailed for use in artillery ballistics. If more advanced
GWC models become available, which are designed to treat limited and re-
locatable window regions on a mesoscale basis, then the ARTY/GWC or similar

method could prove to be highly effective.

In this study, no attempt was made to include the influence of com-
plex terrain in the ARTY/GWC updating analyses. In actual military oper-
ations, this would frequently be of greater importance than it is in the
White Sands areas. Theoretical and diagnostic techniques such as those
that have been developed by Estoque and Bhumralkar (see Estoque et al.,
1976), can be used to investigate the influence that terrain has upon
the meteorological fields, with regard both to roughness and surface
heating. Research along this line is currently being carried out at

SRI International.
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E Appendix A
LISTING OF MODIFIED PDRR PROGRAM

PROGRAM PDRR(INPUT,OUTPUT TAPE] +TAPE2,TAPE3,TAPEA4 (TAPES=INPUT,
2 TAPE9 ,PUNCH)

THIS PROGRAM IS THE PROGNOSTIC DATA REANALYSIS ROUTINE (PDRR)e IT IS
USED FOR REANALYZING OR UPDATING THE GLOBAL WEATHER CENTER (Gw(C)
PROGNOSTIC DATA USING THE MOST RECENTLY AVAILABLE ARMY UPPER AIR
OBSERVATIONS. |

AUG 1977 VERSION: - CONTAINS IMPROVEMENTS SUCH AS TEMPERATURE EDITING, |
OPTIMIZED PARAMETER VALUESe AND MORE ACCURATE COMPUTATION OF GwC
PATTERN MOTIONS.

DIMENSION AND COMMON STATMENTS

OO OOODN

INTEGER DATA(12000)

DIMENSION U(100)sV(100)sH{100)+sT(100)+VOR(100),DIV(100),BAL(100)
DIMENSION US(25)+VS(25)9HS(25)sTS(25)eXS(25)+YS(25)9£S5(25)
DIMENSION X(10),Y(10),DSX(100),DSY(100)LDATE(S+25),IMD(12)
DIMENSION CM(10)+sTM(10)s TRU(100)sTRV(100)¢XRU(100) (XRV{(100)
DIMENSION DAT1(400),GAT1(100)+GAT2(100)+VAT(2S5)+WAT(25)+GAS(100,4)
DIMENSION UR(100),VR(100)+HR(100)sTR(100)

COMMON/CIS/ 1S(1000)

COMMON/CCHK/ CRTY,,SIM,GIM, IWND

COMMON/CGD/ M9sN99s I9sMByNBy YBe XBsDD

COMMON/CPTS/ KS oWl sC2sRMAX s KSSSe IDSeKSWsALPH

EQUIVALENCE (UsGAS(1¢1))9(VeGAS(192))e(HeGAS(163))e(TeGAS(1,4)),
2 (URSDAT1(1))s(VRsDAT1(101))+(HR+DAT1I(201)),
3 (TRyDAT1(301))+(VOR<DSX)(DIV,0SY)

C

C SET BASIC CONSTANTS (INITIALLY SET CORE TO ZERO)

C

DATA XNILsTMAX, TMIN/=999¢69,31009,23060/

DATA IBCK, IDIF,,IGMT /0920,-420/

DATA 10+11,12/0+1,+2/

DATA NVARPJNSIZE /3,5/

DATA CRTsSIMIGIMS,IWND/ 0¢3+40¢10,060541/

DATA W1 sC2sRMAX ¢sKSeKSSSeKSWsIDSsALPH/0601500600591060510:59401,2¢0/
DATA 120sL1+LA,L100,KAsNSsN25 /1691549100+4,+5,257
DATA XP,YPsROTsDTSeACR/284¢09260098060+s1¢0,040174533/
DATA IMD/0531¢59+904120+151,181+212+243,273+3044334/
FORMAT(10X,7110)

FORMAT(10X,2110+5F10.2)

FORMAT(10X,110)

FORMAT(14X,312+6Xs212)

FORMAT(10X,110)

FORMAT(10X¢3F10.2)

FORMAT(2Xes6110s2E1543)

FORMAT(2X+4E1543)

FORMAT(2Xs6HDELETE»1104+4F7,2)

FORMAT(10X,5F10.2)

CVONOOUNLWN=

C
C READ IN CONTROL PARAMETERS
C

READ (5+1) ICHKsIANA,IDIV,IBAL+IFORs IPRINT,ITAPE
READ (S5+2)IN9¢MI¢XBeY¥BeDDsXCoYC
READ (S5+5) JY
READ (5¢6) (XSCJ)eYS(J)ES(I) ed=1+JT)
A-2




C

C

C

C

20

22

23

24

C PRINT OUT CONTRAOL PARAMETERS

PRINT 9000

PRINT 9100

PRINY 9000

PRINT 9050

PRINT 9001 +ICHK+IANALIDIV,IBALIFOR, IPRINT,ITAPE
PRINY 9002¢NIeMI¢XBoeYBeDDoXCsYC

PRINY 900S.J4T

PRINT 9056

PRINT 9006+ (JesXS(JI)sYSIJIDIES(I)eI=1,JT)

C PERFORM BASIC COMPUTATIONS

IF (JTeGT.25) GO TO 999

IF (M9 eGTe10e0ReNI9eGTe10) GO TO 999
ACRI=1,07ACR

GIM=GIMS

X100=DTS*60.,0

19=M9%N9

M8=M9-1

N8=N9-1

N49S=19

N9 8=Na&9+N4a9

N4 7=N98+NA49S

K3=K4~-1

I0=LA4*K3%NS9

DO 20 N=1,N9

X{N)=XB+DD*(N~-1)
XAVE=ACR%®(=-X{NS5)-ROT)
SAVE=SIN(XAVE) v
CAVE=COS({XAVE)

DO 22 M=1,M9

Y(M)=YB-DD*(M=-1)

ANG=ACRXY (M)

CM(M)=COS (ANG)

TM(M)=TAN(ANG)

XNS=~X(NS)

CGD=1¢0+Y(NS) /90.0

CALL MESHUIOeJT )YSeXSeVSeUSsHSsTSesYeXsVeUsHsT)

IH20=(120-1) %60

00 23 1=1,100

TRU(I)=0.0

TRV(1)=0.0

1=0

DO 284 M=1,M9
TLA=TAN((90.0-Y (M) ) *ACR*0.5)%31.,2042
DO 24 N=1,N9

I[=1+1

XLO=ACR¥* (=X (N)~-ROT)
DSX(I)I=(XP-TLA*SINC(XLO)=XC)*2:.0¢10
DSY(I)=(YP+TLA*COS(XLO)~YC)*®2,0+1,0
READ (5,3) 1IT

A-3
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READ (5,4) ((LDATE(LeI)eL=1+5)s1=1,IT)
i PRINT 900317

PRINT 9054
PRINT 9004, ((LDATE(LsI1)eL=145)sI=1,+1IT)

LOOP THROUGH ALL GWC FORECASTING TIMES

(o NN ale)

DO SO 16=1,120
c
C READ IN GWC DATA
c
CALL GWCIN(IG+EGWCsJOATE s JTIME,DAT1,IMD)
31 DO 45 L=L1,La
N1=(L-1)%L100
IP=((IG-1)$LA+L -1 )*[9%K3 i
JP=0
DO 42 K=1.K4
IF (KeEQ.K&) IP=IP-N49Q
DO 36 N=1,N25
N1=N1+1
DATN=DAT1(N1)
WAT(N)=DATN
IF (KeGTe2) GO TO 35
N3=N1
i IF (KeEQe2) N3=N1-N25
i DATN=DAT1(N3)
VATN=DAT1(N3+N25S)
WAT(N)=DATN ) 4
IF (KeEQe2) WATINI=VATN
IF (KeEQe2) DATN=VATN
35 JP=JP#1
GAT1(JP)=GAS(JP,L) , ;
GAS(JP,L)=DATN ﬂ
GAT2(JP)=DATN i
, 36 VAT(NI=DATN
£ DO 40 I=1,19
OLX=DSX (1)
OLY=DSY(I)
NX=INT(DLX)
MY=INT(OLY) :
NM=(MY=-1 ) ENS+NX 3
DLX=DLX=-NX
OLY=0LY-MY

C
C INTERPOLATE TO MINI GRID
C
1 CALL INTPTUNMsNS+VAT sDLX+DLY+BAT) i
A IP=IP¢1 i
IBAT=INT(BAT#10.0)

IF (KeEQe3) IBAT=IBAT%*10000
IF(KeNEed) GO TO 40
IF(DATA(IP) eLTe0) IBAT==(BAT
IBAT=DATA(IP) +IBAT

40 DATACIPI=IBAT

A-4




C

42

CONT INUE

C COMPUTE TRENDS

C

C

aa
45
50

S3

Se

55

56

END

IF (IFOReLTe1e0ReIGelLTe2) GO TO 4S5
LIG=(IG-1)®L 4+

NVARS=NVARP

CALL TREND(NVARSNSIZE+TRUCLIG) »TRVILIG) ¢GAT1,GAT2,1IG)
TRU(LIG)=TRU(LIG)*CGD
TRVILIG)=-TRVILIG) *CGD

CALL UVCONVITRUILIG) +sTRV(L1IG) ¢XNS)
TRU(LIG)I=TRU(LIG)/7DD
TRVILIG)=TRVILIG)/DD
TRUV=TRU(LIG)®TRU(LIG)+TRVILIG)*TRVILIG)
IF (TRUV.LT,16.0) GO TO 44
TRFC=4,0/SAQRT(TRUYV)
TRU(LIG)=TRU(LIG)*TRFC
TRVI(LIG)=TRV(LIG)*TRFC
CONTINUE

CONT INVE

CONT INUE

ILT=120%L4

DO SS L=L1,L4

DO SS 16=2,120
LIG=(IG-1)%LA+L

SUM=2.0

USUM=TRU(LIG)*2.0
VSUM=TRV(LIG)*2.0

DO S4 IGX=1,3

XIGX=1e0/(GX

LID=LIG*+IGX*LA

IF (LID«GT,LILT) GO TO S3
SUM=SUM+X IGX
USUM=USUM+TRU(LID)*XIGX
VSUM=VSUM+TRVILID)*X IGX
LIO=LIG-IGX*L &

IF (LID«LTe1) GO TO Sa
SUM=SUM+X IGX
USUM=USUM+TRUILID) X IGX
VSUM=VSUM+TRV(LID)®XIGX

CONT INUE

SUM=1 .0/ SUM

XRU(LIG)=USUMSSUM
XRV(LIG)=VSUMESUM

CONT INUE

PRINT 9025

DO 56 L=L1.LA

DO 56 16=2,120
LIG=(1G-1)%LASL
TYRU(LIG)=XRU(LIG)
TRVILIG)=XRVILIG)

PRINT 2¢IGsL e TRU(LIG) TRV(LIG.,
CONT INVE

OF GwC LOOP




c

PRINT 24J4P,IP
Cc
C LOOP THROUGH ARMY RAWINSONDE OBSERVATION TIMES
C
DO 100 IR=1,IT
IF (IANA.LT.1) GO TO 101
I=IR
LO2=LDATE(2,1)
IDATE=LDATE(S .1 )+60%(LDATE(4+1)424¢(LDATE(3,1)+IMD(LD2)
2 +365*%LDATE(1+1)-366))-18CK
PRINT 1,1GWC, IDATE
IF (IDATE.LT.IGWC) GO TO 999
IF (IDATE.GT«IGWC#+IH20) GO TO 999
ICOMP=1IGWC+X100 <
DO 60 1G6=2,120
IF (IOATE-ICOMP) 58+60,60
58 FG1=( ICOMP-IDATE)*0.1/X100
FG2=0+.1-FG1
GO TO 61
60 ICOMP=ICOMP#X100
GO TO 999
61 I1G=1G-1
IG1I=IG+!1
IL=(1G~-1)%ID
PRINT 1+ ICOMP,IDAYE,IG
PRINT 6,FG1.,FG2
C
C READ IN RAWINSONDE DATA
C
I=IR+IGD~1
CALL RAWIN(JITols ESsUReVRIHR TR IMDo IDATE, IDIF, IGMT)
C
C LOOP THROUGH MANDATORY LEVELS
C
DO 95 L=L1,LA4
LI=(L=-1)&JT
DO 68 J=1,JT
US(JI=UR(JI+LY)
VS(JI=VR(J+LJ)
HS(J)=HR(JI&#LJ)
68 TS(JI=TR{J*LI)

N1I=IL#+(L~1)*NA9*K3+1
N2=N1#N49-1

1=1

DO 70 N=N1,N2
UCI)=DATA(N)*FG1+DATA(N+ID) *FG2
V(I)=DATA(N+NAS )I*FG1+DATA(N+NAO+ID)*FG2
IH1=INT(DATA(N#+NI8 )%0,0001)
IH2=INT(DATA(N+NI8+ID)*0,0001)
IT1=DATA(N#NI98 )-IH1%10000
IT2=DATA(N+N98+ID)~-1H2%10000
ITL=1ABS(LT1)

IT2=1ABS(IT2)




H(I)= IH1%FG1¢INH2%FG2
TY(I)= IT1*FG1+IT2%FG2
70 I=1+1
PRINY 9000
PRINTY 9059,.L
SUMT=0.,0
NUMT=0
DO 166 J=1,JT7
IF (TS(J)eLToTMIN oOReTS{J)eGTeTMAX ) GO TO 166
SUMT=SUMT+TS( J)
NUMT=NUMT+1
166 CONTINUE
IF (NUMT LT.1) GO TO 169
SUMT=SUMT/NUMT
D0 168 J=1,,JT
ABTS=ABS(TS(J)-SUNMT)
IF (ABTSeLTe8¢0) GO TO 168
IF (TS(J)elTe0e0) GO TO 167
PRINT 99JeTS(JIIeHS{JDIUS(JI)eVS(I)
167 TS(JI=XNIL
HS(J)=XNIL
USC(JI=XNIL
VS(J)=XNIL
168 CONTINUE
169 CONTINUE
IF (ICHKoLE 0O eOReL «EQGel) GO TO 170
CALL CHECK(JTsYSsXSeVSsUSeYeXsV,eU)
170 CONTINUE
PRINT 9057
PRINT 9007 ¢{JosHS{JI) e TSLJIDIsUS(I)eVSLJI)sI=14JT)
IF (IPRINT.LT.1) GO TO 71
PRINT 9060
PRINT 9062
PRINT 9010+{H(I)sI=1,19)
PRINY 9064 {
PRINT 9010+(TC(I)sI=1,19) f
PRINY 9066 §
PRINT 9010+,(UlI)eI=1419) ;
PRINT 9068 }
PRINTY 9010,(VI(I),eI=1,19)
71 CONTINUE
IF (IANA) 95,95,73 i
73 D0 173 1=1,19 é
VOR(I)=0.0 ¢
DIV(I)=0.0
173 BAL(I1)=0.0 ¥
IF (IDIVeGTeO0) i
1CALL KID(IOs11+10+sVORsDIVBALsUsVeCMeTM) ;
CALL MESH(I2sJTeYSeXSeVSeUSeHSeTSeYeXsVeUsHeT) 1
IF (10IVeLTe0) GO TO 75 ;
c i
C ADJUSTMENT OF WIND FIELD TO THE GWC DIVERGENCE FIELD i
C

CALL KID(I11410¢610sVORIBAL ¢DIVeUeVeCM,TM)
CALL ALTERS(25¢0¢050¢5,TMy, CM, UsVeVORDIV)




C

75

IF (IBAL.LTe1) GO TO 85

C COMPUTATION OF BALANCED HEIGHY FIELD

C

C

C UPDATE ALL GWC FORECAST FIELDS BY ADVECTING WIVTH COMPUTED TRENDS

C

80

85

86

186

187

CALL KID{IOs10,113sVOReODIVIBALsUsVICMsTM)
SUM=0.0

00 80 I=1,19

SUM=SUM+H(T)

AVE=SUM/ 19

CALL BALHGT(MI¢N9sDDs10100162900¢01+AVEsCMeTMoHBAL)

CONTINUE

IF (IPRINT.LT.,1) GO TO 86
PRINY 9000

PRINT 9070

PRINT 9062

PRINT 9010, (H(I),I=1,19)
PRINT 9064

PRINT 9010,(T(I),sI=1,19)
PRINTY 9066

PRINT 9010,(U(l),I=1,19)
PRINT 9068

PRINTY 9010,(V(I)eI=1,19)
CONTINUE

IF (IFOR..LTel) GO YO 95

DO 90 IH=1G.,I120
NI=(IH=1)&ID+(L-1)%K3%N49+1
NZ2=N{+N4g-1|

DT=DTS

LIH=C(IH=-1)%LA44L

IF (IHGT.IG1) GO TO 88
LIH=LIH+LA

OT==FG2%]10,0%DTS

IF (IHeEQ.IG) GO TO 187

OT= FGI1%10,0%0TS

D0 186 I=1,19

UCI)=XRU(I)

VII)=XRV(I)

H(I)=VOR(1)

TC(I)=01IV(1)

GO TO 88

I=1

D0 87 N=N1sN2
UCI)=DATA/N)*FGL+DATA(N®ID) *FG2-U(TI)
V(I)=DATA(N+NAI I *FGL+DATA(N+NAI+ID)*FG2-V(1)
IHLI=INT(DATA(N¢NO8 )%0,0001)
IH2=INT(DATAIN®NIB+ID)*0,0001)
ITI=DATA(N+N98 )~1IH1%10000
IT2=DATA(N+NIB+10)~IH2%*10000
ITI=1ABS(IT1)

IT2=1ABS(1T2)

H(I)= [H1*FGl1+IH2%FG2-H(1)
T(l)= ITI13FG1+4IT2%FG2~-T(1)

A-8
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XRUCTII=U(T)
XRV(I)=v(l)
VOR(I)=H(I)
DIV(I)=T(I)
I=1¢1
CONTINUE

87
88
ADVEC(DT sTRUCLIH) ¢ TRV(LIH) ¢U,BAL.CM)
ADVEC(DT+sTRUCLIH) ¢ TRVILIH) sV+sBAL,CM)
ADVECH(DT s TRUCLIH) ¢+ TRV(LIH)sHsBAL+CM)
ADVECI{OT s TRU(LIH) ¢TRVILIH) ¢T+sBALCM)

CALL
CALL
CALL
CALL
I1=1
DO 89 N=N1,N2

DATA( N)I=DATA( N)-U(I)=%*10
DATAIN®NA9)=DATA(N+N49)-V(I)=%*10
IHI=INT(DATA(N+N9S8 )*0,0001)
ITI=DATA(N#N98 )-1IH1%10000
ITI=1ABS(IT1)

IH2=IH1-H(1)*10.0
IT2=1IT1-T(1)0%10.0

IF(IH2.LTe0) IT2=-IT2
DATA(N#N98)=1H2%10000+1IT2

I=1+1

CONTINUE

CONTINUE

89
90
95
C
C END
C
C
C WRITE OUY UPDATAD FIELDS ON TAPE3
C

OF LEVEL LOOP

101 CONTINUE

IF (ITAPE+LTe1) GO TO 99
PRINT 1, JDATEJTIME,.120
WRITE (3) JDATE.JTIME, 120
DO 98 IH=1,120

DO 98 L=L1l,.LA4
NI=(IH=1)%ID+(L-1)*K3%Na9+1
N2=N1#N49-1

WRITE (3) (DATA(N) sDATA(NENAG9),DATA(NENGS) sN=N1sN2)
CONTINUE

CONT INVE

98
99
100

C END OF ARMY LOOP

END FILE 3

READ (1) IDUM

IF (EOF(1)) 200,197

CONTINUE

GO TO 1000

PRINT 9999

CONT INUE

FORMAT(1H1)

197
200
999

1000
9000

9001
9002
9003

FORMAT(2X+8HCARD A
FORMAT(2X,8HCARD B
FORMAT(2X+8HCARD C

27110/7)
22110+5F10e277)
of110/77)




9004 FORMAT(8X.5110/)

9005 FORMAT(/2X+8HCARD E +110+7/)

9006 FORMAT(10XsI15+5Xs3F10e27)

Q007 FORMAT(16Xe12:2X34F10.2)

9010 FORMAT(1IP 10X 7F640)

9025 FORMAT(1H )

9050 FORMAT(30X,27HINPUT DATA FOR PDRR ROUTINE///)

9054 FORMAT(2X+S7HCARDS D YEAR MONTH DAY HOUR
2 MIN/Z)

9056 FORMAT(2X+8HCARDS F +9Xe20HSTATION INFORMATION//12X, 10HNUMBER
2 ¢30HLONGITUTE LATITUTE ELEVATION/)

90S7 FORMAT(2SX,13HSTATION DATA// 9X+33H NUMBER D VALUE TEMPERAT
2URE, 194 U COmP vV COMP o7)

9059 FORMAT(10X+22HRESULTS FOR LEVEL L = ,»11//)

9060 FORMAT(20X,21HGWC DATA ON MINI GRID//)

9062 FORMAT(/24X.,8HD VALUES/)

9064 FORMAT(/23X,11HTEMPERATURE/)

9066 FORMAT(/26X,6HU COMP/)

9068 FORMAT(/26X,6HV COMP/)

9070 FORMAT(15X,29HUPDATED GWC DATA ON MINI GRID//)

9100 FORMAT(//7/45Xs34HPROGNOSTIC DATA REANALYSIS ROUTINEe////7/77
2777 » STXeSHUNITSe/7// 53X 1 1HSPEED =~ MPS//+53Xs1SHDIRECTION - DE
3Ge//e S3X315HHEIGHT = METERS//+53Xs 19HTEMPERATURE ~ DEG K)

9999 FORMAT(10Xe23HINCONSISTENT INPUT DATA)

sSTOP
END
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SUBROUTINE RAWIN(JT.IsESsURsVRIHR ¢TRIMD,IDATEIDIF, IGMT)

C THIS SUBROUTINE READS IN THE U S ARMY RAWINSONDE DATA.
C AUG 1977 VERSION: - MODIFIED TO SELECT DATA TYPES IT=4 OR S ONLY, AND

C TO INTERPOLATE AND EXTRAPOLATE WHEN WIND PROFILES ARE INCOMPLETE.
C
DIMENSION UR(1)sVR{1)eHR(1) TR(1),ES(1),IMDI(1)
DIMENSION DAT(S12)eIS(25),H0OZ(17),PRS(6),STD(6),COR(6)
DIMENSION IR(S0)
DATA ACRICKMCC o XNIL/0e¢0174533¢0¢5148¢296299-999.9/
DATA J10,J17:J2493289J519K4/10612,28,28+51,4/
DATA STD/ 0000145709301 2¢0+5574¢00000+060/
DATA PRS/ 870¢0+85000470060¢50000930060,200.,0/7
DATA HOZ/0¢09100005350¢00750¢05125000+17500052250005275060+325060
2 93750000425000048750¢0955000066500609750060,850000,9500.0/
DATA COR/=3e8+-3¢19-05150655060,0,0/
SPDMX=100.0
ESST=1300.0
DO 18 L=1,JT
18 IS(L)=11
JK= JT*%K4
DO 19 L=1sJK
IR(L)=0
HR{L)=XNIL
TR(L)=XNIL
UR(L)=XNIL
19 VRIL)=XNIL
IFIL=0
IF (1.GT.1) GO TO 22
C
C READS IN DATA SET
C
20 READ (9) DAT
IF (EOF(9))124,21
124 IFIL=IFIL¢]
IF (IFIL«GTel1) GO TO 32
GO TO 20
€
C LOOP THROUGH DATA SET [IN RECORD
C
21 CONTINUE
DO 30 J=1,J10
22 JC=(J4-1)%JS1+1}
(o
C CHECKS DATA FOR DATE,TIME,AND TYPE
C

IF (DAT(JC)eLT.00) GO TO 30

IPI=INT(DAT(JC) *1.0E-4)

DATJ=DAT(JC)-1P1#%]1,0E4

IP2=INT(DATJU%1,0E-2)

IP3 =DATJ-IP2%1.,0E2

IPA=INT(DAT(JC+1)%0,01)

IPS=DAT(JC+1)-IPA%]100

JOATE=IPS+60%(IP4+24%( [P34+IMD(IP2)+365%IP1-366))~-IGMT
5 FORMAT(2X,5112)




IF (JDATE. TLIDATE-IDIF) GO TO 30
IF (JDATESGT,,IDATE+IDIF) GO TO 32
JS=INT(DAT{JC+2)%0.1)

IT =DAT(JC#+2)-JS%¥10

IF (ITelTe4e0ReIToGTe6) GO TO 30
NDATE=INT(DAY(J4C))
NTIME=INT(DAT(JC#1))

ESJS=ES(J4S)

C
C SELECTS OUYT HEIGHTS AND TEMPERATURES FCR THE MANDATORY LEVELS
Cc
K=1
DO 26 JQ=4,J24,4
JK=(K=-1)%JT +JS
JCQ=JC+JQ
IF (KeEQel) GO TO 25
IF (KeGTeK&) GO TO 27
IF (DAT(JCQ) s NEsPRS{(K)) GO TO 26
25 IF (DAT(JCQ-1)eLT.04s0) GO TO 1285
IF (ITeGT oIS(IUS)eANDeTR(UK)eGTe0e0) GO TO 125
HR(JK)=DAT{JCQ~-1)-STD(K)
TRIJK)I=DAT(JCQ+1)4273.16
IF (KeNEel) GO TO 125
PRSI=((ESJS-ESST)I/{(TRIJUK)*CC)+1.,0)*DAT(JICQ)
HR(JK)==(DAT(JCQ)~- PRS1 )*TR(JUK)I*CC/DAT(JICQ)
125 K=K+1
26 CONTINUE
27 KT=K-1
C
] C INTERPOLATES ZONAL wIND VALUES TO OBTAIN VALUES FOR MANDATORY LEVELS
1 C
JCJU=J4C+JU28-1
IF (ABS(DAT(JCJ+1)) «GT+SPOMX) GO TO 127
ANG=ACR*DAT(JCI)
1F (I7eGTeIS(JUS)eANDe ABS(UR(JUS) ) LT .SPDMX) GO TO 127
UR(JS)==DAT(JCJI+1)%SIN(ANG) *CKM
VR({JS)==DAT(JCJ+]1)*COS(ANG)%CKM
127 J2=2
D0 29 K=2,KT
IK=(K=1)%JT +JS
HRJIK=HR( JK)+STD(K)
DO 28 JH=J2+,J17
JG=JCJI+(JH-1) %2
JI=JG+]
IF (ABS(DAT{ JI))eLE.SPDMX) GO TO 128
IF (ABS(DAT(JI-2))eGT«SPOMX) GO TO 28
DAT(JG)=DAT(JG=-2)
DAT(JI)=DAT(JI-2)
GO TO 129
128 IR(JK)=1
IF (ABS(DAT(J1-2)  :LE+SPDMX)GO TO 129
DAT(JG=2)=DAT(JG)
DAT{JI-2)=DATI(J])
129 1IF (HOZ(JH)+ESJISLT.HRIK) GO TO 28
1F {ITeGToIS(JUS)eANDIR(JUKD)EQe1) GO TO 29
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RH= (HRJK~=HOZ(JH=1)=ESJIS)/(HOZ(JIH)-HOZ(JIH-1))
UR( JK)=(-RH*DAT(JI)*SIN(ACR*DAT(JG) I+DAT(JL-2)*SIN(ACR*DAT(JIG-2))*
2(RH~-1¢0) ) *CKM
VREJK )I=(=RH*CAT(JI)*COS(ACR*DAT(JG)I*DAT(II-2)SCOS(ACR*DAT(JG-2))*
2(RH~-160) ) *CKM
GO TO 29
28 CONTINUE
GO TO 130
29 J2=JH
CONT INUE
IF (ITelLTeIS(JS)) IS(IS)I=IT
CONTINUE
GO YO 20
CONT INUE
JSM=0
DO 1S5S0 L=1,J7
IF (IS(L)eLT+11)JSM=JSM+1
CONTINUE
PRINT 1.,JSM
1 FORMAT(10X,37HU S ARMY RAWINSONDE DATA READ IN FOR +12,9H-STATIONS
2 /7))
RETURN
END




N

DO AODOONOAND

C

SUBROUTINE CHECK (JJeYSsXSeVSeUS,YL XL eVNeUN)

THE SUBROUTINE CHECKS THE OBSERVED WIND VALUES BY COMPARING THEM
TO ANALYZED WIND VALUES (THE U AND V OF THE INCONSISTENT DATA ARE
SET AT 9999 ).
AUG 1977 VERSION: - MOOIFIED SO THAY ANALYZED WINDS ARE BASED ON A
WEIGHTED AVERAGING OF DATA, WHICH IS MORE SUITABLE FOR USE WITH THE
PDRR PROGRAM.

JJ = NUMBER OF WIND DATA

YSeXS = LATITUDE AND LONGITUDE OF WIND DATA (DEG)

USs VS U AND V CONMPONENTS OF WIND DATA

YL o XL LATITUDE AND LONGITUDE OF ROWS AND COLUMNS

UNsVN = GRID POINT U AND V WIND COMPONENTS

CRT= CRITICAL VALUE USED IN TESTING WIND DATA

WIM= WEIGHT GIVEN TO A WIND IN ANALYZING A VALUE AT ITS LOCATION
AND WEIGHT GIVEN TO NEAREST GRIO POINT VALUE (NOW CALLED SIM AND
GIM)

LOGICAL DEBUG

DIMENSION JST( 26).0STU 26),WwTS( 25),DVR(20)

DIMENSION XSC 1)eYS( 1)sVS( 1),US( 1)

DIMENSION XL 1)eYL( 1)oUN( 1),VN{ 1)

COMMON/CIS/ 1S(1000)

COMMON/CCHK/ CRT,SIMsGIM, IWND

COMMON/CPTS/ KSeWl ,C2sRMAXsKSSSsIDSeKSWHALPH

COMMON/CGD/ M9¢N9s19+M8sN8+YBsXB»DD

EQUIVALENCE (USK»USJ)s(VSK,VSJ)

EQUIVALENCE (DVR{1)sDNH) s (DVR(2)+sDHH) s (DVR(3)sDUH) +(DVR(4),0VH),
2 (DVR(S5)sDTH) e (DVR{6)eDXH) , (DVR(7)sDYH) s (DVR(B)sDXYH),
3 (DVR(9)sOXXH) e (OVR(10)sDYYH)s (DVR{11)eDXHH)» (DVR(12),DXUH),
4 (DVR({13)sDXVH)+(DVR(14) ¢DYHH) ¢+ {DVR(15) +DYUH) s+ (DVR(16),DYVH),
5 (DVR(17)+sDXTH)s (DVR(18),4+DYTH)

DATA DEBUG/ +FALSE/

DEBUG=TRUE»

4 FORMAT(21X+513H DELETED DATA/)
S FORMAT (49H LAT(DEG) LON(DEG) U(KTS) V(KTS) TESTs/)
6 FORMAT(1Xs10F1042)

PRINT &

PRINT 5

C BASIC COMPUTATIONS

C

C

JT=4J

ACR=3,1416/7180.0
YDI=1.0/D00D

XDI=1.,0/DD

KQ5=KSS5+2

IF (IWND.GT0) KQAS5=KGS5+1
SPH1I=ALPH*ALPH
CRS=16¢25%CRT

C ANALYSIS OF WINDS AT MEASUREMENT LOCATIONS (SIMILAR TO METHOD USED

C
C

IN SUBROUTINE MESH)e
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KG=0
20 JX=0
LX=0
CRW=CRS
IF (KGeEQe2) CRW=CRT
80 LX=LX¢1
IF (LX=JT) B82:82,100
82 L=LX
IF (KGeNESO) L= JSTILX)
IF (ABS(US(L))eGT100.0) GO TO 80
YLM=YS(L)
XLN=XS(L)
M=(YL(1)-YLM)*YDI[+1.5
N=(XLN-XL(1))*XDI+1.5
IF (MelLToel) M=1
IF (M.GTeM9) M=M9
IF (NeLTel) N=1
IF (NeGTeN9) N=N9
LI=N9*(M-1)+N
I=(LI-1)%*KS
CM=COS(ACRS$YLM)
NOD=0
K=0
DO 182 IK=1,18
182 DVR(IK)=0,0
IF (IWNDSLE.O) GO TO 84
XSJ=XL(N)
YSJ=YLIN)
USJ=UNI(LI)
VSJ=VN(LI)
DYS=YSJ=-YLM
DXS=(XSJ=XLN) *CM
W=GIM
GO TO 89
84 K=K+1
IF (K-KS) 85,85,90
85 [=[+#1%
IF (NOD-KQS) 86,84 ,84
86 J=1S(1)
IF (J) 84,84,87
87 IF (ABS(US(J))eGTe100.0) GO TO 84
UsSJ=usiJ)
vSJ=vSsS(J)
XSJI=XS(J)
YSJ=YS(J)
DYS=YSJ-YLM
DXS=( XSJ=XLN) *CM
=SIM
IF (Je¢EQelL) GO TO 389
DXS2=0.0
DYS2=DYS*DYS4DXS*DXS
IF (IDSLTel) GO TO 88
OXS1=USK#USK+VSK*VSK+0,01
1 DXS2=(USK*DYS~VSK*DXS)
‘ DXS2=DXS2*DXS2/0xS1
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C

88
389
89

90

wW=C2/(DYS2+DXS2*%SPH1¢C2)
iF (KGeNE«O) w=wewTS(J)
NOD=NQD+1

DNH=DNH+W

DUH=DUH+US J*W
ODVH=DVH¢+VSJ*w

GO TO 84

IF (NCD.LT«3) GO TO 80
IF (DNH.LE«.0.0) GO TO 80
DNH=1 «0/DNH

ULL=DUH#*DNH

VLL=0DVH=%*DNH

£ CHECK FOR FOR INCONSISTENCY BETWEEN ANALYZED AND MEASURED WINDS

C

C

C ORDER SUSPECT DATA ACCCRDING TO HIGHEST

C

99

100

150

2PRINT 6,

ALTHI= ULL*ULL+VLLE®VLL

ALTH2= US(L)*US(L)+VSIL)=VS(L)

BLTH=ALTHI1

IF(ALTH2 «GTe ALTH1) BLTH=
PERP1=(ULL*®US(L) +VLL*VS(L))/BLTH

IF (DEBUG)

DLS=PERP1

wTS(L)=1.0

IF (DLS«GT.CRS) GO TO 80
WTS(L)=0e5

IF (DLS«GT.CRW) GO TO 80
IF (KGeEQe2) GO TO 99
WTS(L)=SIM

IF (JUXeGTe25) GO TO 100
IX=JX+1
JST(JIX)
DST(JX)
GO TO 80

L
PERP1

ALTH2

YS(L) e XSIL)oUSIL) s VS(L)sPERP1 sULLsVLL +CRW ¢CRS5,CRT

PRINT 6, YS(L)sXS(L)sUS(L)yVS(L),,PERPI]

US(L) =-999.9
VS(L) =-999.9
GO YO 80
CONT INUE

IF (JXe.LE.O) GO TO 300
JT=J4X

I1F (KG«EQeO) GO TO 202
IF (KGeNEel) GO TO 300
DO 200 J1=1,JT

J3=J1

DO 150 J2=J1,J7

IF (DST(J2) oLTe DST(U3))
CONTINUE

I1ST=JST(J1)
XST=DST(J1)
JST(J1)=JST(JI3)
DST(J1)=DST(J3)

J3=J42
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JST(J3)=IST

DST(J3)=XST
200 CONTINUE
202 KG=KG*1

GO TO 20
300 CONTINUE

RETURN

END
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SUBROUTINE ADVEC(DT,US+VSsQl1+Q2,CM)

THIS SUBROUTINE ADVECTS THE FIELD Ql WITH A SPECIFIED WINDe.
AUG 1977 VERSION: - MODIFIED TO GIVE A STABLE ADVECTION COMPUTATION
UNDER ALL INPUT CONDITIONSe

DT = TIME STEP OVER WHICH ADVECTION IS MADE
USsVS = COMPONENTYS OF WIND USED TO ADVECT Q1 FIELD
Q1 = FIELD THAT IS ADVECTED
Q2 = DUMMY FIELD
= COSINES OF ROW LATITUDES

DIMENSION Q1(1),Q2(1),CM(1)
COMMON/CGD/ M9eN99 I9:M8:sNBeY¥Bs XBsDD
XID=10
Y ID=XID%N9S
T7T=0T7
uT=uUs
vT=VvS
1T=1
DO 20 IR=1,10
IF (ABS(UT) eLEel1e0¢ANDeABS(VT)elLEel140) GO TO 22
UT=0e5%UT
VT=0e5*VT
TT=0e5*7T

20 IT=IT#+IT

22 CON =ABSI{(TT)
DO 200 IR=1,1T7
1=1
DO 100 M=1,M9
CMI=1e0/CM(M)
DO 100 N=1,N9
Q1I=Q1(1)
UA=ABS(UT)*CMI
VA=ABS(VT)
IF (DT.LT.0.0) GO YO 80
IU=SN=-SIGN{XID,UT)
IV=I14+SIGN(YID,VT)
GO 7O 90

80 IU=N4SIGN(XID,UT)
IV=I=-SIGN(YID,VT)

90 Q1v=0.0
Qlu=0.0
IF (IVeGTe0sANDeIVeLESI9) QLIV=QI(IV)
JU=TU+(M=1)ENS
IF (IUGTe0eANDsIUSLESNI) QlU=QLI(JU)
Q2(1)=Q11-((Q1I1-Q1U J&UA+(QLIT=-QLlYV ) ®VAR*CON

100 I=1+1
00 150 I=1,19

150 Q1¢1)=Q2(1)

200 CONTINUE
RETURN
END
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Appendix B

LISTING OF MODIFIED AAR PROGRAM

PROGRAM AAR( INPUT OUTPUT+TAPEL s TAPE3,TAPES=INPUT,
1 TAPE6=0UTPUT,»TAPE7)

PROGRAM AAR READS VARIOUS INPUT DATA DESCRIBEU AS COMMENTS I[N

IN PROGRAM ANC COMPUTES A FINAL FURECAST CURVE (HEIGHT,VIRTUAL
TEMP IN DEGeCe +U AND V CUMP.) FOR A SPECIFIED FIRING TIME AND
FIRING LOCATICN

1977 VERSION: = CONTAINS IMPROVEMENTS SUCH AS THE ADDITION OF SuB-
UTINE BEST THAT PROVIDES AN ANALYZEC GUIDE PROFILEe AND OPTIMIZED

PARAMETER VALUES.

DOUBLE PRECISION XX VY oXLoYLsRAD

INTEGER ABCDEF(14)sGHIJKL(10)+MNGPQR(10)

INTEGER H1(767)sT147:7)sUL(T7e7)eVI(T,7)

DIMENSIUN HH{49:4¢2)eTV(A499402)eU(89,4892)9sV(4994e2)sXMILS1(21),
THHFENAL{S02) e TVFNAL (4,52 ) sUFINAL(G62) VFINALC4+2)¢XNOTS1(21)
DIMENSION JSAVIS) +sTIM(S) ¢CDIS(21)eXNDU(21) ¢ AINDV(21)eXNDTC(21),
1 XNDT(21)¢ XNDH(21) ¢ XNOTS2(21) ¢ XMILS2(21)+,DIFSEC(21)

DIMENSION UF(21)eVF(21) s TF(21)sHF(21)sPF(21)¢PFD(S)eX(7)eY(T7)
DIMENS ION UR(12612),VR(12+12)sHR(12,12)sTR(12,12)

DIMENSION UZ(144):VZ(144),TZ(144),HZ(144),PZ(144)

DIMENSION IUM(147)sXS(25)+YS(25),ES(25)sIMD(12)ePR(12,12)
DIMENSION HHTFG(S)+STVI(S), HHTF(S) s TVTF(S) sUTF(S ) VTF(S)
DIMENSION US(12)9sVS(12)sHS(12)5TS(12),PS(12)

DIMENSION STTYF(12)+STPF(12)+STHF(12)

COMMON /FMT/ XLAB

COMMQON/CPTS/ KS oWl gC2¢eRMAX s KSSSe IDSeKSWe ALPH
EQUIVALENCE(IZsNXD)e(JT7sNY)

EQUIVALENCE (URJUZ) 2o (VReVZ)e(TReTZ)e(HReHZ)e(PR,PZ)

DATA STV/1116091457¢05301260+5574¢0,040/

DATA [BCK, IDIF,IGMT/0+20+-420/

OATA L1l.L4eL12/7158,012/

DATA INDsYMAX,YMIN/21+300.0,1000.0/

DATA JSAV/10+1,9+10,10/

DATA TIM /170Ce+2183069+20000¢21300+2300e/

DATA PFD/883¢05850¢0470000¢50000+30060/

DATA IMD/0+31+959990+12061516181+2129243+273+3040334/

DATA W1,C2sKSeKSSSeIDSsALPH/0604+040050106¢105s1+2+,0/

DATA NIL o XNIL/=999+=-999.9/

DATA STHF/0¢00100600635060+75060+125000¢17500002250¢0¢275000+43250.0
2 9375000042500 0,4750.0/

DATA STPF/878¢0¢863000837¢0,797¢007489¢09703600659¢00618¢0+0579e0
2 54200+¢506604473.0/

DATA STTF/28062+27905027769527563+27260+268¢8+265¢5,262¢3,25940
2 0255089252¢50249¢3/

FORMAT(1Xe19H NO DATA FOR TFIRE=sF7e1)
FORMAT(1H1)

FORMAT(8F10.2)

FORMAT(10Xs3F10.2)

FORMAT(2X9s12F10.2)

FORMAT(1H )

FORMAT(2X,7F10.2)

FORMAT (13A6,A2)

FORMAT(/65H LATITUDE LONGITUDE
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3

30

4
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onnoonn

2

43
44
45

o/ 02F15.2)
FORMAT (/15X e 9MNORTHING=9020¢8+ 1 8H EASTING=,D020.8)
FORMAT(1XoI2eF7e2sF1062:F562:15012XesF8e2¢F10e2:FS5e2,15)
FORMAT(5X215:2F10¢2,2110)
FORMAT({5X+31I5)
FORMAT(5XeIS59110,F1062)
FORMAT(5X.3110)

PRINT 3
PRINT 1100
PRINT 3

THE NEXT DATA SET IS INPUT READ FROM DATA CARDS (VARIABLES ARE
DESCRIBED IN COMMENT CARDS THAT FOLLOW

DEFT=7.5

READ(S.,10) ABCOEF

WRITE(6+,10) ABCOEF

READ(S+30) IQeXFIRE ¢ XUL ¢ XDaNXeYFIRE ¢ YUL s YDoNY
WRITE(6+30) I1QeXFIREeXUL ¢ XDeNXoYFIRE » YUL o YDoNY
PRINT 1002

READ(S+10) GHIJUKL
READ(S+82)NToNLoTFCSToTFIRE 2 IDATE s JSTAT

PRINT 1002

PRINT 1002

WRITE(6+1005)

PRINT 1002

READ(S+10) MNCPQR

WRITE(6.10) MNOPAR
READ(SeS)IXS(J)sYSC(J)eES(J)eJ=1eJSTAT)

PRINT Se(XS(JDeYS(JDIIES(JI)eJI=14+JSTAT)

NEF=0

THE FCST OATE (JDATE) AND TIME (JTIME) OF GWC DATA [S NOW READ IN

PRINT 3

READ(1) JDATEZJTIVMEWNT
PRINTA4S,JOATE s JTIMESNT
XTIME=FLOAT(JTIME )*0.01

ITS1=1

TLATE=TFIRE=-1.0

WRITE(6.,10)GHIJKL

WRITE(G6+42INT oNLTFCSTTFIRE ¢+ IDATE, JSTAT

ABCDEF=HEADER LABEL CARD FOR FOLLOWING DATA
I0=INDICATOR SHOWING HOW FINAL DATA IS TO BE PRINTED
1 PRINTS HARC CCPY OF CURVES AND DATA FOR CURVES

=1 PRINTS DATA FOR CURVES ONLY

XFIRE=LONGITUDE OF CENTER OF FIRING PATH (DEGREES AND TENTHS)
XUL=LONGITUDE OF UPPER LEFT HAND CORNER OF GRID

XD=DISTANCE (DEGREES AND TENTHS) BETWEEN GRID POINTS IN X (LONG.)
NX=NUMBER OF MINI GRID ARRAY POINTS IN X DIRECTION (LONGITUOE)
YFIRE=LATITUDE OF CENTER OF FIRING PATH (DEGREES AND TENTHS)
YUL=LATITUDE OF UPPER LEFT HAND CORNER OF GRID

-3 |




C
C
C
C
C
Cc
C
C
C
C
C
C

198

200

202

205

YD=DISTANCE IN DEGe AND TENTHS BETWEEN GRID POINTS IN Y DIRe (LAT)
NY=NUMBER OF MINI GRID ARRAY POINTS IN Y DIRECTION (LATITUDE)
GHIJKL=HEADER LABEL CARD FOR FOLLOWING DATA

NT=NUMBER OF 1 HR FCST ARRAY PERIODS INCLUDING TIME OF FCST
NL=NUMBER OF LEVELS

YFCST=GMT TIME UOF FIRST ARRAY OF UPDATED GwC FORECAST
TFIRE=GMT TIME OF FIRING (HRS AND MIN)

IDATE=DATE OF GWC FORECAST

JSTAT=NUMBER CF OBSERVATION STATIONS

XS(J)=LONGITUDE OF REPORTING STATION IN DEG AND HNDTHS
YS(J)=LATITUDE CF REPCRTING STATION IN DEG AND HNDTHS
ES(J)=ELEVATION OF REPORTING STATION IN METERS

IY=INT(IDATE*0.0001)

IM=INT(IDATE*0.01)-1Y*100

ID=IDATE-IY*10000-IM*100

IH=INT(TLATE)

IMN=(TLATE~-IH)*60

IMDATE=IMN+60%( [H+24%(ID+IMD(IM)+36S*1Y-366))-18CK
REX=0.0

REX1=0.0

XEND=TFCST#NT~-1

CALL TIME (TFIRE+TFCSTsTTSeTLWITS,ITLsXENDSREX1)
IF (REX1¢EQe¢S9) GO TO 600

CALL CENTER(XFIREsYFIREsXULeYUL ¢ XDsYDsNXsNYsPNosPE ,PPSPW,
11PN, IPE, iPS,IPW,REX)

IF (REX+EQe71) GO TO 600

ITSS=1TS~-1

IF(JOATE «NE S IDATE JPRINT 1001

IF(XTIME«NE.TFCST) PRINTY 1001

IF(JDATE.NE«IDATE)GO TO 600

IF (TFIRE eGT e XENDeORCTFIRE LT TFCST) PRINT2,TFIRE

THE GWC FCST CATA IS SCANNED AS (DUM) TO DETERMINE THE FCST DATA
ON EACH SIDE COF THE TIME OF FIRING

IF(ITSS.LTL.ITS1) GO TO 202
DO 200 JT=[ITS1,I1TSS

DO 200 JL=L1,LA

READ(1) IUM

IN THE 211,210 DO LOOPS, THE GWC FCST DATA FOR LEVELS L1 TO L4 1Is
NOw READ FOR THE FCST TIME ON EACH SIDE OF THE TIME OF FIRING

ITS1=1ITSS+3
PRINT 43,ITSSeITS1,JT
DG 211 JUT=1.2
DO 210 JL=L1,LS
READ(C1) (dULCJSsID)oVI(Jol)oHI(JeI)oI=14617),44=1,47)
DO 205 1=1,17
DO 205 J=1,J7
IHI=INT{H1(Js1)*0.0001)
T1(Je1)=1ABS(H1(Js[)~-IH1%10000)
H1(J,1)=1IH1

CONTINUE

B-4




208
209
210
211

ono

250

(aNa N3l

DO 209 JX=1,17

DO 208 JY=1,J7
JXY=JX$(JY=1)%NX

HHC XY o JL o JTI=HI(JIY o IX )06 )
TVUJIXYsJL o JTI=T1(JY 9 JX)%0el
ULJIXYedL o JTI=UL(JY 2 JX) %001
VIIXY oL o JTI=V1(JY+ JX) %061
CONTINUE

CONT INUVE

CONT INUE

JX=IPW

JY=IPS

JIXY=UX+(JIY~1) *NX

JES=JXY

JX=IPE

JXY=JIX+(JIY~1)#NX

JES=JXY

JY=1IPN

JXY=JX+(JY=1) ENX

JEN=J XY

JX=IPW

JXY=JUX+(JY~1) %NX

JUN=JXY

IN THE 250 DC LCOPSs HEIGHTSs TEMPERATURES. U AND V COMPONENTS FOR
THE VARIOUS LEVELS (JL=L1.,L4) ARE COMPUTED FOR THE LOCATIOUON
OF XFIRE AND YFIRE

DO 250 JT=1,2

DO 250 JL=L1.LS

CALL INTERP(PWePE sHH{ JWS s JL s JT) e HH(JES s JL e 4T ) o XF IRE,
1HHXFS)

CALL INTERP{PUIPE sHHIJWNsJL s JT ) s HHEJEN s JL + 4T ) o XF IRE,
1HHXFN)

CALL INTERP(PPS PNy HHXFS yHHXFN,YFIRE HHF IN)
HHFNAL(JL s JT )=HHF IN

CALL INTERP(PWIPEsTVIJIWS s JLeJT) o TVIJESsJLeJT) s XFIRE,
1TVXFS)

CALL INTERP(PW,PEs TVIJUWNGJLsJT) s TVIJIEN,JL+JT) « XFIRE,
1TVXFN)

CALL INTERP(PPSsPNsTVXFSeTVXFNsYFIREeTVFIN)

TVENAL(JL »JT)=TVFIN

CALL INTECRP(PWIPEsUCJIWSsJLoJT) o U(JESsJLsJIT) o XFIREWUXFS)
CALL INTERP(PWIPEIULGJIWNs JLsJT ) UCJIENSJL sJT ) o XFIREUXFN)
CALL INTERP(PPSPNSsUXFS UXFNsYFIRE JUFIN)

UF INAL(JL s JT)=UFIN

CALL INTERP(PWIPEsV(JIWSsJLoJT) s VIJESeJLsJT D)o XFIRE.VXFS)

CALL INTERP(PWoPEsVIJWNIJILsJIT)s VIJENJL ¢JT ) o XF IRE+ VXFN)
CALL INTERPUPPSPNIVXFSsVXFNsYFIREVFIN)
VFINAL(JL o JT)=VFIN

CONTINUE

1
IN THE 260 DO LOOP, HEIGHTSs TEMPERATURESs U AND V COMPONENTS FOR
THE VARIOUS LEVELS (JL=L1sL4) AT LOCATION XFIRE.7FIRE ARE COMPUTED 1

FOR THE TIME OF FIRING (TFIRE) E




260

435

311

320

aNalal

389

DO 260 JL=L1,L4

CALL INTERP (TTSeTLoHHFNAL(JLe1)sHHFNAL(JL+2) s TFIREWHHTF(JL))
CALL INTERP (TTUS,TLoTVFNALCJL 1) sTVFNALIJILS2)eTFIRE«TVTF(JL))
CALL INTERP (TTSeTLIUFINAL(JLeL)sUFINAL(JIL2)+TFIRELUTF(JL))
CALL INTERP (TTS TLoVFINALGJIL ol )sVFINALLJL+2)TFIREL.VTF(IL))
CONTINUE

DO 435 LHT=L1.L4%

HHTFGI(LHT )=HHTF(LHT )#STV(LHT)-ES(1A)

CONT INVE

WRITE(6+,1045) JDATE,JTIME

PRINT 1112,UTF

PRINT 1112.,VTF

PRINT 1112,TVTF

PRINT 1112,HHTFG

SOUNDINGS OF THE AVAILABLE Ue.Se ARMY RAWINSONDE STATIONS (ON TAPE)
ARE REAL IN IN SUBROUTINE RAWIN

I=1
JT=JSTAT
CALL RAWINII ¢ JT4DIFSEC,ESeUZeVZIeHZsPZ4sTZsIMDs IMDATESIDIF, IGMT)

IN DC LOOP 311, THE BEST AVAILABLE STATION IS LOCATED BASED ON THE
TIME AND LOCATION OF THE SOUNDINGS AVAILAGLE

DO 311 J=1.,JT7
XLOD=(XS(J)=-XFIRE)*111.137%COS(YFIRE*0.01745)
YLAD={(YS(JU)-YFIRE)*111.,137
CDIS(J)=ABS(DIFSEC(J))+S5*SQRT( XLOD*XLOD+YLAD*YLAD)
CONT INVE

1A=1

CMIN=1.E+06

D0 320 J=1,J7

IF(COIS(J) eGTeCMINCORWUR(99J) oL Te=-200.0) GO TO 320
CMIN=CDIS(J)

1A=)

CONTINUE

PRINT 42,1A

AT THIS POINT, THE CURVE OF THE BEST AVAILABLE SOUNDING IS
PRINTED AND THE CURVES ARE MAPPEC FOR BOTH THE BEST AVAILABLE AND
THE UPDATED SCUNDING

KQT=2

DO 400 L=1,L12
UF(L)=XNIL

VF (L )=XNIL
TF(L)=XNIL
PF(L)=XNIL

HF (L)=XNIL

DO 390 J=1.J47
US(J)=UR(L+J)
VS(J)=VRIL+J)
TS(J)I=TR(L+J)




390

393

394

39S

396

400

425

427

HS(J)=HR(L,J)

PS{(J)=PR(L,J)

IF (US(J)eLT,=-200,0) GO YO 390

IF (PSCJ)elLTe100e60e0RePS1U)eGTel1000e0) PS(JI)=STPF(L)

IF (TS(J)elTe23060e0ReTS(J)eGTe300e0) TS(JII=STTF(L )+DEFT

CONTINUE

CALL BEST(KQT eJT eYSeXSsVSsUS,PSesTS,YFIRESXFIRE,
VFE(L ) JUFIL ) sPF (L)« TFLL))

HF{L)=STHF (L)

IF (TF(L) eLTe23060e0ReTF (L )eGTe300e0) TFUIL)I=STTFIL )+DEFT

IF (PF(L) eLTo100e0e0RePF{L)eGT100060) PF(L)=STPF(L)

IF (UF(L) «GT.-200.0) GO TO 396

IF (L+EQel) GC TO 395

UF(L)=UF(L=-1)

VF(L)=VF{L-1)

GO YO 400

UF(L)=200.0

VF(LI=200.0

GO TO 400

UF(L)=UF(L)+200.0

VF(L)=VF(L)+200.0

CONT INUE

PFD(1)=PF(1)

X(1)=xuL

Y(1)=YUL

DO 410 [=2,7

X{1)=X{l-1)+#XD

Y(I)=Y(l-1)-YD

CONT INUE

DO 417 L=L1.LA4

UTF(L)=UTF(L)+200.0

VTF(L)=VTF(L)+200.0

CALL MOVCUR{UF +PF yUTF 4 PFD, XNDU)

CALL MCVCURC(VF yPF o VTF sPFD+XNDV)

DO 425 L=1,L12

IF (UF(L) L Te-200¢0) GO TO 425

UF(L)=UF(L)-200.0

VF(L)I=VF(L)=-200.0

XNDU{L)=XNDU(L)=-200,0

XNDV(L )=XNDV(L)-200.0

CONTINUE

DO 427 L=L1,L48

UTF(L)=UTFIL)=-200.0

VIF(L)I=VTFI(L)=-200.0

CALL MOVCUR(TF.PFoeTVTF+sPFDyXNDT)

CALL MOVCUR(HF PFeHHETFGoPFD ¢ XNDH)

IF(IQ..T+1) GO TO 450

XMAX=20,

XMIN==20+

XLAB=6HU-COMP

PRINT 1010

CALL PNTDAT(UF ¢PFsXNOUsPF ¢ INDs INDos XMAX ¢ XMINo YMAX 3 YMIN+bOB)
XLAB=6HV-COMP

PRINT 1011

CALL PNTDAT(VF sPFsXNDVePF 4 INDe INDs XMAX s XMIN+s YMAXs YMIN,B808)




450

460
500

NnoN

{ 523

XMAX=310.

XMIN=210.

XLAB=6H TEMP

PRINT 1012

CALL PNTDAT(TF+sPF o XNCT oPF o INDoIND XMAX ¢ XMIN: YMAX, YMIN,BOB)
XMAX=16000.

XMIN=0.0

XLAB=6HHEIGHTYT

PRINT 1013

CALL PNTDAT(HF ¢PF o XNCHsPF ¢« INDo INDosXMAX e XMINsYMAX s YMIN,BOB)
CONT INUE

PRINT 6,(UF(L)sL=1,12)

PRINT 6.(VF(LisL=1,12)

PRINY 6, (TFIL)sL=1,12)

PRINT 64(HF{L)»L=1,12)

PRINT 6 (PF(L)sL=1,12)

PRINT 7

PRINT 6,(XNDUCL)sL=1612)

PRINT 64 (XNDVIL)eL=1,12)

PRINT 6+4(XNDT(L)sL=1+12)

PRINT 6,(XNDH(L) L=1,12)
IF(UF(1)eEQeDeO0eANDeVF(1)¢EQe0e0) GO TC 460

GO TO S00

IF(TF(])eEQeQ0eO0eANDeHF (1) ¢EQe00) PRINT 2,.TFIRE
CONTINUE

WSTM CONVERSION

RAD=0.0174532925
YL=YFIRE*RAC
XL=XFIRE*RAD
CALL wSTM{YLeXLsXXeYY)

PRINT 3

PRINT 1046

PRINT 1002

PRINT 1040

PRINT 1002

PRINT 1020

PRINT 1002

PRINT 1025

PRINT 1002

IN DO LOOP 47Cs DATA FOR BOTH THE BEST AVAILABLE SOUNDING AND
UPDATED SOUNDING ARE PRINTED (Fel FORMAT) FOR ZONES, PRESSURE.
TEMPERATUREs AND U AND V COMPONENTS

DO 470 ND=1,12
IF (PFIND)eGT«0+0) GO TO 523

TFIND)=XNIL

UF(ND)=XNIL

VF(ND)=XNIL

XNDTIND)=XNIL

XNDU(ND) =XNIL

XNDVIND) =XNIL

PRINT 1030s NDePF(ND)sTF(ND)+UF{ND)+VF(ND)osND¢PF(NDJ,




1 XNDT(ND) ¢« XNDUINC) ¢ XNCVINC)
470 CONTINUE

PRINT 1002

PRINT 12, YFIRE XFIRE
472 CONTINUE

PRINT 1050

PRINT 1002

PRINT 1060

PRINT 1020

PRINT 1070

PRINTY 1002

C IN OC LOOP 480, CATA FOR BOTH THE OEST AVAILABLE SOUNDING AND
C UPDATED SCUNDING ARE PRINTED IN COMPUTER MET MESSAGE FORMAT

DO 480 ND=1,12
IF(UF(ND) eEQeCe0eANDsVFIND) «EQe0.0) GO TU 474
DIR1=ATAN2(=-UF(ND) »-VF(ND))*180/3.14159
IF (DIR1eLT+040) DIRI=DIR14360
XMILS1(ND)=DIR1%(6400.0/360¢0)/1060
XMPS1=SQRT(UF (ND)*UF (ND) +VF (ND) ®*VF (ND))
XNOTS1(ND)=1e94254%XMPS1
GO TO 475
474 XMILS1(ND)=0.C
XNOTS1(ND)=040
a7s IF (XNDU(ND) ¢EGQe0OeCeANDeXNDVIND) «EQe0+0) GO TQ 476
DIR2=ATAN2(=XNCU(ND) »=XNDV(ND) ) *180/3+148159
; IF (DIR2+LT+s0e0) DIR2=DIR2+360
! XMILS2(ND)=DIR2%(6400¢0/360¢03/1060
| XMPS2=SQRT{XNCU(ND)*XNDU ( ND )+ XNDV (ND ) *XNDV (ND) )
XNOTS2(ND)=1.94254 #XMPS2
GO TC 478
476  CONTINUE
478  N=ND-1
| IXNDT=IFIX({10.0%XNDT{ND)+¢5)
IPF=IF IX(PF(NC)+45)
| IXMILI=IFIX(XNILS1(ND)+e5)
| IXNOTI=IF IX(XNOTS1(ND)+e5)
| IXMIL2=IFIX(XMILS2(ND)+e5)
| IXNOT2=IF IX({XNOTS2(ND)++5)
| ITEF=IFIX(10+0*TF(ND)+0.5)
| IF (PF(ND)eGTe040) GO TO 533
ITF =NIL
“ IXNDT=NIL
| IXNOT1=NIL
i IXNOT2=NIL
| IXMIL1=NIL
IXMIL2=NIL
533 PRINT 1080sNeIPFoITFIXMIL]L,IXNOT1oNosIPF IXNOT,IXMIL2 ¢ IXNOT2
WRITE (3,1082)
: 1 NAR SN [PFoITFoIXMILY ¢ IXNOT1 oNsIPFo IXNDT o IXMIL2, IXNOT2
{ 430 CONT INUE
& c PRINT 13,YY,XX
| (=

I7TS2=1TS1




540
$50

1001
1002
1005
1010
1011
1012
1013
1020
1025

1030
1031
1040
1045
1046
1050
1060

1070
1080

1082
1100

1110
1112

600

IF (ITS2.GT«NT) GO TO 550

00 540 JT=ITS2«NT

DO S40 JL=L1l,L4

READ (1) IuMm

CONTINUE

END FILE 3

FORMAT(1X,46HDATE TIME OF GWC FCST DIFFERENTY THAN DATA CARD)
FORMAT(1X,2115)

FORMAT(17X,17HARMY STATION DATA)

FORMAT(1H1 s15X,46HPRINTCUT OF GRAPHICAL DATA (X=U COMP, Y=PRESS)/)
FORMAT(1H1 ,15SX,46HPRINTOUT OF GRAPHICAL DATA (X=V COMP, Y=PRESS)/)
FORMAT{1H115Xs44HPRINTOUT OF GRAPHICAL DATA (X=TEMP, Y=PRESS)”7)
FORMAT(1H1+s1SXs46HPRINTOUT OF GRAPHICAL DATA (X=HEIGHT, Y=PRESS)/)
FORMAT(4X,23HEBEST AVAILABLE SOUNDING»20Xs 16HUPDATED SOUNDING)
FORMAT(1X+e70HZONE PRESS TEMP UCOMP VCOMP ZONE PRESS TE
1 MP uCOMP VCOMP)

FORMAT(2X s I 39F 701 0F€Eel e2FT7elsll11eFT7el F6els2F741)

FORMAT(//710Xs SHCMIN=9sF1062+10Xs3HIA=,15)

FORMAT(7X+49HPRESS IN MBSs TEMP [N DEG(K)s U AND VvV COMP [IN MPS)
FORMAT (10Xe10HGWC DATE =,110410Xe10HGWC TIME =,110)
FORMAT(16Xs1SHSTANCARD FORMAT)

FORMAT(21Xs27HCOMPUTER MET MESSAGE FORMAT)

FORMAT(1X,79HFPRESS IN MBS, TEMP IN TENTHS OF DEG(K)e DIRECTION IN
1TENS OF MILS, SPEED IN KTS)

FORMAT(1X70HZONE PRESS TEMP DIR SPEED ZONE PRESS TE
1MP DIR SPEED )

FORMAT(2X e I39s 179166217011 1017:16,217)

FORMAT(2X,1117)

FORMAT(//7/787TX+30HARTILLERY APPLICATIONS ROUTINE, 777777
2777 » STXeSHUNITS /77 +¢S3Xs11HSPEED =~ MPSe//+53X»15HDIRECTIUN -~ DE
3Ge// S3Xs 1SHHEIGHT = METERSs//953Xe19HTEMPERATURE - DEG K)
FORMAT(6X+8HGWC DATA/)

FORMAT(4X+5E1262)

sTOoP

ENO
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SUBROUT INE RAWIN( I oJTsTSIESsURSVRIHR PRy TRy IMD IDATECIDIF s IGMT)
C THIS SUBROUTINE READS IN THE UeSARMY RAWINSUNDE ODATA.
C AUG 1977 VERSION: - MODIFIED TO SELECT DATA TYPES IT=1 OR 2 ONLYs AND
C TO INTERPOLATE AND EXTRAPOLATE WHEN WIND PROFILES ARE INCOMPLETE.
C
DIMENSICN IR(144)
DIMEANSION URU(1)sVR(L1)eHRI1)sTR{1)sPREL1DLES(1)eTS(1),IMD(1)
DIMENSION DAT(512),1S(28),H0Z(17) ]
DATA ACR¢CKMoXNIL/Z/060174533+0e5148+-999¢9/
DATA J30J106J126J170J239J28+J051/3+10512+144+423,28,51/
DATA HOZ/0e0610060935000¢75060512506045175060+225060+2750609325060
2 93750605425000,475060¢550000+6500¢0,7500¢09850060+9500+07/ |
SPDMX=100.0 |
DD 18 L=1,4T7
TS(L)=XNIL
18 I1S(L)=11
DO 19 L=1,J17
IR(L)=0
HR(L)=XNIL
TRIL)=XNIL
PR(L)=XNIL
UR(L)=XNIL
19 VRIL)=XNIL
IFIL=0
IF (1GTel) GC TO 22
C :
C READS IN DATA SET :
C H
20 READ (7) DAY ?
IF (EOF(7))124,21 i
124 IFIL=IFIL+]
IF (IFIL«GTel) GO TO 32
GO YO 20
C
C LOOP THROUGH DATA SET IN RECORD
C
21 DO 30 J=1,J10
22 JC=(J-1)%JUS1+1
L >
C CHECKS DATA FOR DATESTIVME+AND TYPE
C

IF (DAT(JC)elLTe0¢0) GO TO 30
IP1I=INT(DAT(JC)*]1.0E-4)
DATJ=CAT(JC)-1IP1%]1,0E4
IP2=INT(DATJ*1.0E=-2)
DATJU=DATJ-1IP2%1.,0E2
IP3=INT(DATJ)
IP4=INT(DAT(JC+1)%0.,01)
IPS=DAT(JC+1)~-1P4%*100
JOATE=IPS+602(IP4+24%( IP34IMOCIP2) +365%IP1-366))-IGMT
IF (JOATE. T IDATE-IDIF) GO TO 30
1F (JDATC«GT+IDATE+IDIF) GO TO 32
24 JS=INT(DAT(JC#+2)%0.1)
IF (JSelLTeleOReJSeGTeUT) GO TO 30
DAT2=DAT(JC+2)=-JS¥10




G

IT=INT(DAT2)

IF (ITelLTel1e0ReITeGTe2) GO TO 30
ESJS=ES(JS)

TS(JS)=JDATE-IDATE

C SELECTYS OUT PRESSURE.TEMPERATURES AND WINDS FOR ARTILLERY ZONES

127

128

27

28

30

32

JCJ=JCe+J28-2

JX=JC+J3-1

JKT=1

DO 28 JH=1,J23,2

JK=(JS~-1)%J124JKT

JIH=JCI+IH

HR(JK)I=HOZ(JKT)

IF(ABS(DAT(JJUH+1)) LESSPDMX) GO TO 127

IF (ABS(DAT(JJH=1))eGTeSPOMX,0OReJHeEQel) GU TO 27
DAT(JJH+1)=DAT(JIH=-1)S DAT(JIJH)I=DAT(JIJIH=-2)
GO TO 128

IR(JKI=1

IF (ABS(DAT{JJH=1)) sLE«SPOMXs0ReJHeEQel) GO TO 128
DAT(JJH=-1)=DAT(JIH¢+1)S DAT(JIIH=2)=DAT(IJIH)
ANG=ACR%DAT(JUJH)

IF (ITeGTeIS(JS)eANDIR(JUK)IGEQel) GU TQO 27
UR(JK)I==DAT(JJH+1 )*SIN(ANG) *xCKM
VR(JIK)==DAT(JJH*+1 ) *COS(ANG) *CKM
IF(DAT(JX+JH) eLTe0,0) GU TO 28

IF (ITeGTeIS(JS)eANCeTR(JUK)eGTe0e0) GO TO 28
PRJK)I=DAT( IX+JIH)

TRIJK)I=DAT(JIX+JH+]1 ) 427316

JKT=UKT+1

IF (ITelLTeISC(JUS)) ISCJ4SI=IT

CONT INUE

GO TO 20

CONT INUE

RE TURN

END

B-12

4
A




SUBROUTINE BEST(KOT oJJeYSeXSeVSeUSeHSeTSeYL oXL oVL yULsHL,,TL)

THIS SUBRQUTINE CCVMPUTES VALUES FROM OBSERVED DATA AND AN INITIAL
GUESS VALUE (IF KQT= 2) BY A LEAST SQUARES FITTING UF THE OATA
(SEE ENDLICH ANC MANCUSCs MON WEA REVe. 1968, 342-350).

THIS SUBROUTINE WAS ADDED TO YHE AUG 1977 VERSION OF THE AAR PROGRAM.

JJ = NUMBER OF WIND DATA
KS = NUMBER OF CLOSEST DATA TO A USED TO COMPUTE ITS VALUE
wl WEIGHT GIVEN TO INITIAL GUESS VALUE

€2 = WEIGHTING CCNSTANT

h

LATITUDE AND LONGITUDE OF WIND OATA (DEG)

U AND V CCMPONENTS OF WIND DATA (M SEC-1)

INITIAL VALUE =-- NOT USED

FINAL VALUE =--- A SMOOTH ANALYSIS USED AS THE INITIAL
VALUE IN THE KQ=2 COMPUTATION

INITIAL VALUE =--- USED AS THE INITIAL GUESS VALUE

FINAL VALUE === USED AS THE FINAL ANALYSIS

HS+HN = INITIAL DATA AND ANALYZED VALUE FUR AN ARBITRARY QUANTITY

YSe XS
US VS
UNVYN(KQ=1)

UN s VN(KQ=2)

el ol NN N o NN aNaNa ol o NN Na N aWala ol ol o]

DIMENSION DVR(20)
DIMENSION YS(1)eXS{1)eVS(1)eUS(1)eHS(1),TS(1)
COMMON/CPTS/ KSsW1leC2¢RMAX s KSSSe IDSsKSWeALPH
EQUIVALENCE (DVR(1)sDNH)s(DVR(2)+sDHH) s {DVR(3)+DUH) s (DVR(4)eDVH),
2 (DVR(S)+DTH)»(DVR(6E) +sDXH) e (DVRIT7)DYH) s (DVR(B) yOXYH)
3 (DVR(9)sDXXH) s (OVR(10) sOYYH) o (DCVRI11) +DXHH) s (DVR(12)+DXUH),
4 (DVR(13)sDXVH)s (DVR(14)+DYHH) s (DVR(1S)eOYUH) s (DVR(16)¢s0YVH)»
S (DVR(17)+DXTH)»(DVR(18) +DYTH)
ACR=3,1416/18C.0
KS=JJ
DO 100 KQ=1,KQT
KQ5=KQ=-1+4KS
CM=COS(ACR*YL)
=0
IF (KQ-1) 82.,82,83
82 NOD=0
DO 182 IK=1,5
182 DVR(IK)=0,.,0
GO TO 84
83 DO 183 IK=6,18
183 OVR(IK)=0.0
w=wl
DNH=W
NOD=1
DHH=HL *w
DUH=UL*W
DVH=VL *w
DTH=TL *w
84 K=K+¢+1
IF (K=KS) B85,85,90

B-13




8sS
86

38S

89

90

92
93

94

IF (NCD-KQS) £6,90,90
J=K

IF (ABS(US(J))eGT<100.0) GO TO 84

XSJ=XStJ)

YSJ=YS(J)

uUsSJ=usiJ)

VSJI=VvS(J)

HSJ=HS(J)

TSJ=YS(J)

DYS=YSJ-YL

DXS= (XL=XSJ)*CM
DYS2=DYS*DYS+CXS*DXS
DXS2=0.5%0YS2

IF (IDS.EQ.0) GG TC 385
USK=USJ

VSK=VSJ
DXS1=USK*USK+VSK*VSK+0.,01
DXS2=(USK*DYS~VSK*DXS)
DXS2=DXS2*DXS2/DXS1
w= C2/(DYS2+DXS2%#ALPH+ C2)
NOD=NOOD+1

DNH=DNH+W

TSJU=TSJ*w

HSJ=HSJ*W

UsSJ=uUSJ*w

VSJ=VSJI*W
DHH=DHH#+HSJ
OUKH=DUH+USJY
DVH=DVH+VSY
DTH=DTH+TSJ

IF (KG-1) 84,84,89
OYH=DYH+DYS*w
DXH=DXH+DXS*W
DXYH=DXYH+DXS #0YS*W
DXXH=DXXH+DXS#DXS*Ww
DYYH=DYYH+DYS*#DYS*w
DXHH=DXHH#*HS J*D XS
DYHH=DYHH+HSJ$DYS
DXTH=DXTH+TS J#DXS
DYTH=DYTH+TSJU%*DYS
DXUH=DXUH+USJ*DXS
DYUH=DYUH+USJ*DYS
DXVH=DXVH+VSJ*DXS
DYVH=DYVH+VSJ*DYS

GO TO 84

CONT INUE

IF (KQ=-1) 92+92,94
IF (ONH) 1104110,93
ONH=1 ¢0/DNH
HL=DHH%*DNH
UL=DUH*DNH

VL =DVH*DNH
TL=DTH=%DNH

GO 70 100

IF (NOD-3) 11Cs95,S5S
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95 D=DYH*DYH-ONH®*DYYH
E=DXYH®DYH-DXH#*DYYH
A=DXH*DYH~DNHSDXYH :
B=DXXH¥*DYH-DXH*DXYH 3
BOAE=8%D-A%E
IF (BDAE) 97,110,97

’ 97 BI=1.0/BDAE

C =DXHH%*DYH-DHH*DXYH
F =DYHH®DYH-DHH*DYYH
CTY=DXTH®*DYH-DTH*DXYH
FT=DYTH%®DYH-OTH#DYYH
CU=DXUHXDYH=DUH*DXYH
FU=DYUH*DYH=-DUH*DYYH
CV=DXVH*DYH-CVH*DXYH
FV=DYVH*DYH-DVH*DYYH
HL={ B*F-C*E)*E]
UL=(B*FU-CU%E )%BI
VL=( B*FV-CV*E )*BIl
TL=(B*FT~-CT*E )*B81
100 CONTINUE
110 CONTINUE
RETURN
END
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