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ABSTRACT 

EXPERIME~~S IN 03JECTI7E UPPER-WIND 
ANALYSIS ~~ FORECASTING 

February 1964, ~ pp., 1! illus., Final Report 
(Contract No. ARDS-450) 

This report describes the progress of work accomplished during the second 
phase of the project, 1 August 1962 through 22 November 1963. 

The introduction (Chapter I) outlines the purpose and scope of the study, 
and also reviews some of the earlier w~rk done during the first phase of the 
project. The objectives of the res~arch program are classified into (1) data 
handling, (2) objective analysis, &nd (3) objective forecasting of parameters 
characterizing the layer of maximum wind (LMW). 

Chapter II describes the data handling aspects. Error checking and 
harmonic analysis of vertical wind profiles are discussed. Computer programs 
in FORTRAN for an IBM 7090 are included in an appendix. 

In Chapter III, a method of objective horizontal analysis of LMW parameters 
is discussed, which is based on the concept of fitting a GUadratic function to 
station observations in order to arrive at grid point data. Machine programs, 
again, are listed in an appendix. 

Chapter IV gives a detailed outline of various approaches to 12 - and 24 -
hour kinematic extrapolation fo~ecasts. Skill evaluations are presented in 
comparison to persistence. Various smoothing techniques on input and output 
have been tested as to their effect in reducing forecasting errors. Forecasting 
examples are given in the form of tables and graphs. A 25-day period (January 
1 through 25, 1961) has been selected to test the more promising techniques of 
extrapolating LMW parameters. All forecasting programs, again, are listed in 
appendices. 

Chapter V recommends further tests, especially to improve the quality of 
objective analysis. The extraction of wind data at explicit flight levels also 
will have to be left to future programming efforts. 
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Experiments in Objective Upper-Wind Analysis 
and Forecasting 

by 

Elmar R. Reiter and Patricia E. White 



I.. Introduction: 

The purpose of this study, as outlined by Reiter (1962a) was to develop high
speed techniques of objective upper-le~el wind analysis and forecasting, which co~ld 
be utilized by an Automatic Air Traffic Control (ATC) System. The research conducted 
under this objective may be categorized into three phases: 

(1) Data handling 

(2) Objective analysis 

(3) Objective forecasting 

As has been pointed out in the report quoted above, it was anticipated that wind 
forecasts would have to be issued for any point over the continental United States 
contained in a layer between 20,000 and 50,000 ft. 

To meet this forecasting problem, three different approaches are available. One 
of them had to be ruled out a priori because of ita impracticability. 

(I) Correctly, a baroclinic model of the atmosphere should be considered in 
arriving at numerical wind forecasts. The qu:llity of wind forecasts for fast-flying 
aircraft will critically depend upon the accurate prediction of vertical and horizontal 
shears in the jet-stream region. The presently available baroclinic models were net 
yet considered adequate in handling these detailed shear forecasts to a sufficient 
degree of accuracy (Wiin-Nielsen 1962). 

(2) Objective analyses conducted on isobaric levels have been produced success
fully by the JNWP group of the U.S. Weather Bureau. Tnese analyses could easily be 
adapted for kinematic extrapolation forecasts. To arrive at a wind forecast for an 
arbitrary point within the air space 20 9 000 to 50,000 ft. could simply be a matter of 
interpolation between wind values at adjacent isobaric levels and neighboring grid 
-points. 

A difficulty arises from the fact thc.t the analyses and forecasts performed at 
various isobaric levels will have to be m.:ade vertically consistent. In view; ((g.sin .. 
of the strong vertical and horizontal shears present in the jet stream region t~is 
appeared to be a difficult task. 

(3) Vertical consistency of the wind data may be achieved by utilizing the layer 
of maximum wind (LMW) concept as outlined in Fig. 1 (Reiter 1957, 1958). Mean wind 
speed and direction of the layer, thickness and height of the layer, constitute 
vertically integrated parameters which now may be used for horizontal analysis and 
forecasting. 

The task still remains to recover wind values for individual flight levels. Thisi 
however, does not present more of a problem than the equivalent procedure mentioned 
under (2). 

The analysis and forecasting experiments described below followed this ap?roach. 



Fig. 1: Definition of LMW 
parameters: Vmax = 
maximum wind speed; 
0.8 Vm X = 80 per
cent o~ maximum wind 
speed; hmax = he~ght 
of wind maximum;h = 
(hl + h 2) ,/ 2 = mean 
height of LHW 

II. Data handling 

- 2 -

h (km) 

LMW Definition 

"------------L--'---V(mps) 
0.8 vmax vma. 

As has been described in the previous report (Reiter 1962a) the original 
minute-by-minute wind observations of all rawinsonde stations of the continental 
United States were used. The data have been made available on punched cards 
by the National Weather Records Center, Asheville, N.C. Wind measurements of 
the follm-1ing months have been received and processed: January, February, June, 
and July, 1961. August 1961 and December 1960 have been received, but not yet 
processed. 

The layout in which the data appeared may be taken from Appendix 1. 

Processing of the raw data consisted of (a) an error checking program, (b) 
harmonic analysis of the vertical wind profiles, and (c) the extraction of the 
characteristic parameters of the LNH. This program was checked out on the IBM 
7090 of the National Bureau of Standards, Boulder. The major processing runs 
of the data were subsequently performed on the IBM 7090 of NAFEC, Atlantic City. 
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Appendix 2 contains the flmv diagrams, symbol definitions and FORTRAN programs 
of the error checking, harmonic analysis and LMW routines. 

Figs. 2 and 3 show unsmoothed and harmonically smoothed wind profiles for 
a "baroclinic" and a "barotropic" case. It is realized, that some of the fluctua
tions of wind speed which are cut off by the smoothing routine may be quite real 
and of local importance. Since they represent, at best, mesostructural details 
which would be representative only for a relatively small region, they may be 
neglected in large-scale analysis, even though some of these details may persist 
for several hours (Reiter, 1962b, 1963a, Reiter, Lang et al., 1961; Riehl, 1961). 
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Fig. 2: "Baroclinic" sounding, Denver, Colorado, 11 January, 
00 GCT. Solid line: original wind measurements. 
Dashed line: wind profile after harmonic analysis. 
Heavy vertical line indicates extent of LMW. 
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Fig. 3: "Barotropic" sounding, Denver, Colorado, 14 January 
1961, 12 GCT. Solid line: original wind measurements 
Dashed lines: wind profile after harmonic analysis. 
Heavy vertical line indicates extent of LMW. 

A certain "noise" in the LMW parameters will have to be expected depending 
on how the harmonic analysis wiil cut off the various fluctuations in the 
vertical profiles. Therefore, the horizontal analysis of these parameters 
will also require a certain amount of smoothing. 

As a whole, the data-handling part of the program has performed very 
satisf~ctorily. The error checking routine seems to eliminate the common 
mis-punches and inconsistencies in the input data. An example of the final 
printout of this phase of the program is presented in ~ndix 1. 
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III. Objective Horizontal Analysis of LMW Parameters 

Baer (1963) has described a method of fitting a quadratic surface to 
LW~ parameters measured over individual stations and so arriving at the 
appropriate values in the gridpoints of a rectangular grid. 

For the analysis and forecasting schemes described in the following 
a quadratic grid of 3 em grid distance on a polar stereographic projection 
of scale 1: 10,000,000 at latitude 60° N has been used. The

0
grid was 

centered at longitude 100° W with one grid point lying at 30 N. (Fig.4) • 

.. 
j 

r4r-, 
~ ;.f·; // .. ~'!-.):~~-': 

.L. .· . ··-. ;' i.: ~ 

1ooc w 

GJid 

... ·{ 

-~--pP·· "'~,.. .....,_ 

Fig. 4: Basic grid used for objective analysis and forecasting 
of LMW parameters. 

Since the quality of upper wind forecasts will be most sensitive to the 
accurracy with which the jet axis is predicted, the greatest efforts were 
devoted to forecasts of the fields of mean wind speed and wind direction of 
the LMW. 

As mentioned earlier, due to some "noise" in the L'1W data, which remained 
even after harmonically analysing the vertical wind profiles, a certain amount 
of smoothing in the horizontal analyses was required. 
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This was acconplished by fitting again a quadratic (or plane) surface to station 
and gridpoint data available fron a prel ir.1inary and unsnoothed nunerical analysis. 

The flow diagran, symbol list and FORTRAN progran for these conputations are 
presented in Appendix 4. 

Most of the gridpoints over the continental United States which night be 
~issing after the first interpolation procedure due to poor station coverage will 
be filled in during this second interpolation run. 

tvh ile this second "snooth ing run" perforned adequately for nean '\~ind speed 
and direction of the LMW, its height and thickness had to be analyzed in a 
different fashion: As nentioned in an earlier report (Reiter 1962a), barotropic 
soundings were assigned arbitrary values of h = 20 kn and t h = 7 kn. If the 
sane snoothing technique as used with wind speeds and directions were used, the 
"barotropic" regions would be flattened out considerably and, by the sane token, 
zones with strong shears and with low values of E would be elininated alnost entirely. 
In order to prevent this, yet still be able to fill in grid points ~issing after 
the first run of the procran, original station data were ~~eighed with a factor 
of three durinc the second run, over grid point values conputed durin8 the first 
run. 

Results of the objective analysis procedure outlined above were very 
encouraginc. Fics. 5, 6 and 7 show typical exa~ples of analysis, containing 
gridpoint as well as station data. With the snoothing technique described above, 
the data coverage over the continental United States as well as the aGreenent 
between 3ridpoint and station data is very satisfactory, especially in wind 
speeds and ~~ind directions. Thicknesses and heights of the LMW show strong 
gradients in the vicinity of the jet streao. Any kind of objective analysis will 
have a tendency to snooth out these gradients. 

Barotropic soundings defined as h > 20 krn, f\ h > 7 ko, have been narked as 
such in the thickness and height analyses. Mean wind speeds and directions have 
been co~puted and entered into the analyses even for these barotropic soundings 
in order to warrant continuity of analysis. It is assuned that under barotropic 
conditions the vertical wind shears near the level of naxinun wind are snail 
enough to be neglected for practical flight-planning purposes. 

Because of the unavoidable snoothing introduced by the two objective analysis 
runs, nean height values h > 18 kn and nean thickness values .,. h > 6 kn should 
be considered as indicating barotropic conditions for all practical purposes (see 
Figs. 5, 6 and 7). These values approach the ones originally suggested by Reiter. 
(1958) to characterize barotropic conditions CFibarotropic = 15 ktr~ in extra
tropical latitudes; ~ hbarotropic = 5 kn; see also Reiter, 1963b). The reason 
why these nore stringent values have not been used fron the start lies in the 
fact that the larger nunber of "barotropic" stations which would thus have resulted, 
would have nade an objective analysis nore difficult and less coherent. This has 
been brought out clearly by prelioinary tests conducted during the early stages 
of this project. 
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Fig. 5: Objective analysis, 4 January 1961, 00 GCT, of L~1W wind speeds 
(mps, isotachs labelled with slanting numbers) and directions 
(thin arrows) obtained from grid-point data. For comparison, 
station data for wind speeds are entered in vertical numbers, 
for wind directions by heavy dashes and dots. The heavy dashed 
lines with arrows indicate the position of jet axes. 

Height,k111 '\ 

• Jon..61, 00 l ·~ 

Fig. 6: Objective analysis, 4 January 1961, 00 GCT, of LMW heights (km, 
isolines labelled with slanting numbers) obtained from grid
point data. For comparison, station data are entered in vertical 
numbers. B indicates barotropic regions. Jet axes as in Fig. 5. 
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Fig. 7: Objective analysis, 4 January 1961, 00 GCT, of LMW thicknesses 
(km, isolines labelled with slanting numbers) obtained from 
grid-point data. For comparison, station data are entered in 
vertical numbers. B indicates barotropic regions. Jet axes. 
as in Fig. 5. 

IV. Forecasting the Layer of Maximum Wind 

The forecasts of the LMW parameters described in the following are all 
based on the kinematic extrapolation equations (Reiter 1962a). 

8t 

av 
Bt 

= 

= 

2u Pu 
-C-.- - .... - - C-y c"'y ;., c,X ,_, 

av ___ ,... 

ax .... y 

(1) 
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ex and cy are components of displacement of the isotach system. 

From equ. (1) the displacement speeds may be evaluated: 

au av av au -· - -· -ay at ay at 
ex = 

D 

au av + av au -. -.-ax at ax at 
(2) cy ::: 

D 

D = au av au av -· -·-ax ay ay ax 

Instead of the differentials in equs. (1) and (2) we will have to use finite 
differences in the numerical forecasts. First, Au and 6.v are evaluated 
between map times t • t 0 and t • (t 0 - At). After the difference form of equ. 
(2) yields ex and cy• the numerical values of these displacement velocities 
are entered again into equ. (1). !:::,. u and 6. v for the time interval between 
t • t 0 and t • (t0 +At), added to the original values u and v observed at 
t = t 0 , render the forecast wind field. 

It has been pointed out in an earlier report (Reiter 1962a), that under 
the assumption cx a const. and cy ~ const. during the time interval At, the 
wind field should not intensify. Jet stream systems may weaken under these 
simple kinematic assumptions, if the isotachs to the rear of a jet maximum 
move faster than the ones in front of the maximum. Kinematic extrapolation 
is not able, however, to $enerate new isotachs of h~her wind speeds. If 
such high-velocity jet stream cores were generated duri~ the forecasting 
process, this would be entirely due to truncation errors, These errors are 
produaod by using finite diffQrences rather· than differentials (Sundqvist 
1963). A second source of forecasting errors lies in the assumption of c~ 
and cy to b8 constant. A third source of forecasting errors - prQbably the 
most critical one - lies in the errors of the analyses on which the forecasts 
were bas·ed. 

It has been shown in the earlier report that truncation terrors may be 
quite appreciable, both in interpolation between and in extrapolation from 
two basic observation times. (Fig. 8) shows the truncation errors produced 
in the amplitudes of a sinusoidal wave pattern progresaing with speed c (grid 
units per hour) along the x axis of a rectangular grid as· shown in Fig. 4. 
Values at time t • 0 and t a 12 are used to arrive at hourly interpolations 
nnd extrapolations up to a 12 hour forecast for t • 24. 
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Fi~. G: Maximum wind speeds (umax in grid units per hour) of a 
sinusoidal wave pattern of wave length L = 20 grid units 
as a function of time (hours), computed for various wave 
speeds (c in grid units per hour). Interpolation between 
values given at T=O and T=l2, extrapolation to T =24, in 
hourly intervals. 

Since in first approximation the jet stream pattern over the continental 
United States ~ay be considered a wave pattern of quasi-sinusoidal shape, 
appreciable truncation errors will have to be expected for extrapolations of 
~aves with certain speeds. The various approaches taken in the following to 
forecast the wind field in the LMW were mainly aimed at the reduction of such 
truncation errors. 
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Persistence "forecasts" have been used as a basis for evaluation of the 
skill of the numerical forecasts. As has been known before (Barge 1957; Reiter 
1961, 1963b), and as became again evident during these studies, the 12 - and 
even the 24-hour changes of the wind field in the jet stream region are 
relatively small. Persistence "forecasts" - stating that the mean winds of 
the LMW will remain constant during the period of the forecast -- have approxi
mately the same order of magnitude of error as kinematic extrapolation forecasts 
of the LMW. This may be explained by the fact, that the LMW describes the ~ 
flow conditions of a relatively deep atmospheric layer. In doing so, the LMW 
parameters, especially the mean wind speeds and wind directions of this layer 
become representative indicators which are less sensitive to local variations 
of flow in time and space than spot-winds measured at a particular level might 
be. 

Thickness and height of the LMW, which. describe the conditions of vertical 
wind shear above and below the jet-core level should be expected to be less 
conservative in time, especially in the vicinity of the jet axis. Persistence 
forecasts of these quantities, therefore, are expected to give relatively poor 
performances. 

Nnturn1 l}'• the quality of forecasts will be rather sensitive to inaccu
racies in the analyses on which the forecast is based. The fitting of a quadratic 
surface to station data in order to arrive at grid-point representation of the 
LMW parameters has several disadvantages, such as the tendeocy of generating 
circular isotach patterns rather than oblong ones. Objective analysis mathods 
proposed by Bergthorsson and Doos (1955) and Cressman (1959), which are based 
upon a first approximation of the wind field and subsequent improvements of 
this "first guess .. , may ultimately yield better results in LMW represeucation, 
and consequently also in its forecasts. For lack of time such procedures could 
not be tried during this research program. Offhand, it would appear, that the 
250 - or 300-mb (geostrophic) wind obtainable from an objective analysis of such 
a pressure level, could be usad as a first approximation to the LMW winds. 

Geostrophic winds at these levels, obtained from a baroclinic forecast, could 
probably be used to advantage in improving the kinematic forecasting techniques, 
by again imposing certain restrictions upon the computed changes of LMW parameters, 
using the forecast geostrophic wind field as a first approximation. Experiments 
of this kind, too, will have to be left to future research. 

(1) The Effect of Smoothing of Input Data Upon the Quality of Forecasts 

Appendix 5 contains the flow diagram, symbol lists and program of 12 h 
extrapolation forecasts based upon simple kinematic extrapolation according to 
equs. (1) and (2). In order to estimate the effect of "noise" in the input 
data, this forecasting procedure has been applied to "smoothed" as well as 
to ·~nsmoothedu input analyses. As described in Chapter III, the smoothing 
consisted of a second scanning of station and grid point data, whereby the 
latter -- obtained from a first scan of station data -- were now considered 
equivalent to "new" stations reporting observations. 
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Results of these forecasts using unsmoothed and smoothed data, are reported 
in Tables I and IIa, which give values of mean wind speed VV and mean direction 
dd of the LMW at all grid points shown in Fig. 4. In addition, mean errors of 
the forecast wind speeds and wind directions obtained from comparisons with the 
actual grid point values at verification time are shown. For comparison, Table 
IIb contains the errors resulting from a persistence forecast. 

As may be seen from these tables, the smoothed input analyses produce 
better forecasting results than the unsmoothed ones. 

{2) 12 and 24-hour forecasts 

Experiments with 12 - and 24-hour forecasts, derived from smoothed and 
unsmoothed input data, showed that 24-hour extrapolations produce usable results 
only in a one-step computation of the wind changes from the time period (t0 , t 0 , 

-24) hours to the interval (t 0 , t
0 

+ 24) hours. Two-step extrapolations from 
(t0 , t 0 -12) hours to (t

0
, t 0 + 12) hours and from there to (t0 + 24) hours by 

applying the computed values of cx and cy (equ. 2) for 12-hour time steps twice 
in succession proved to be unsatisfactory. The truncation errors as shown in 
Fig. 8 reduce the quality of the forecast below the level achieved by persistence. 

The program for a direct 24-hour forecast is given in Appendix 5. Results 
for the same day as shown in Table I and II are presented in Table III. 

In view of these findings, it was decided to arrive at 12-hour forecasts 
by interpolation of 24~hour forecasts, applying one half of the values of ex 
and cy computed for a 24-hour extrapolation interval. As may be seen from 
Table IV, a better quality of forecasts was achieved by this procedure. Programs 
for such 12-hour kinematic interpolations, again, are listed in Appendix 5. 
An example is given in Table IV. 

(3) Reduction of Truncation Errors by Scanning Procedures 

As has been pointed out earlier, a kinematic forecast should not be able 
to show increases in maximum wind speeds because "new" isotachs cannot be 
generated by a simple advective technique. Strong increases in speeds along the 
jet core, as they are observed in several of the forecasting examples listed 
above, are due to truncation errors. 

To reduce the effects of errors, a scanning procedure has been devtsed, 
operating in the following fashion: The basic map at t = 0 is scanned along 
the horizontal grid lines for "major" maxima and minima in u and v components. 
In order to eliminate the ''minor" maxima and minima produc·ed by noise in the 
data especially in regions at some distance from the jet axis, a minimum 
separation of 10 mps between adjacent wind maxima and minima was specified. Only 
wind fluctuations along horizontal grid lines which qualified beyond this threshold 
value were retained as significant. 

Then the forecast map (t
0 

+ 24) hours was scanned in the same fashion, 
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215/55 228/46 . . . . . . . . . 281/26 
9[-22 4/-11 - __ 10/1 

20ld44 215/33 225/25 265/27 . . . . • 323/37 289/28 264/30 
0/-15 1/-9 12/-2 6/-2 11/3 29/2 43/-3 

208/45 203/29 2J3/37 255/37 352/14 339/36 10/60 8/70 4/62 349/37 262/39 252/45 
-3/24 13/-12 -2/-22 13/-20 -42/6 -13/0 -35/-21 -28/-24 -23[-23 -16/0 52/-3 52[-11 
190/31 183/20 197/18 243/20 16/6 355/26 27/55 21/63 12/53 343/27 251/37 246/52 
~2-L::J. 6 47/-7 50/-7 36/-6 -76/9 -36/3 -60/-25 -50/-26 -47/-18 -24/11 54/1 53/-12 
144/20 176/14 187/13 250/16 292/10 17/13 29/38 17 I 52 7/41 313/23 246/36 243/59 
106/·5 80/0 98/2 28/1 -2/7 -82/8 -87/-13 -65/-19 -59/-5 -13/17 44/5 42/-16 
79/3 . 219/12 244/21 259/20 280/15 357/23 354/25 317/24 283/28 252/44 247/65 

-176/20 59/11 24/3 6/2 -7/9 -76/3 -70/7 -35/14 2/16 24/5 19/-3 
. . . . 259/35 269/24 312/25 309/35 290/42 294/42 255/53 249/61 

-Ol-5 -6/6 -44/8 -33]2 -16/2 -18/7 14/6 17/-0 . . . . . . 291/48 291/33 276/62 273/72 . 260/47 
-20/-3 -19/13 -5/-12 -4/-21 1/17 

. . . 263/27 . .. . 
7/27 

PlCJtting model: . 

Verifying Date 

2 January OOGCT 
2 January 12GCT 
3 January OOGCT 
3 January 12GCT 
4 January OOGCT 
4 January 12GCT 

Average Error 
Edd/Evv 

27.2/8.8 
16.9/8.6 
17.7/10.2 
28.9/12.5 
35.4/8.8 
11.8/10.2 

table I: Direct kinematic 12 hour forecast at grid points verifying 4 January, 1961, 00 GCT; 
no smoothing on input data or forecast. Forecast directions and speeds. (dd/vv), 
differences between actual and forecast directions and speeds at grid points. 
(Edd/Evv), as indicated in plotting model. 

~ . 
264/28 257/27 . 
6/-0 -11[6 

256/42 256/46 . 
17/-14 -10/-8 
248/56 248/65 . 
26}_- 21 4/-20 
244/66 243/74 . 
29/-23 12/-20 
241/75 244/85 . 
31/-25 15}_-28 
243/77 245/90 . 
20/-12 13/-26 
245/63 244/69 . 

18/0 15/-0 -256/55 250/56 . 
5/12 8/6 

1-: . . 
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r- . 
'" 210/50 

11/-18 
l89/50 205/45 
?.?/-26 3[-18 
l3 7/46 198/40 
u:: I- 28 l_g-20 
. -----
ti-/35 184/29 
~ /- 21 32/-14 

169/17 
80/-1 

. 257/10 
l/13 . . 

-
.. . 

... 

23~/20 
1 12 

225/43 247/39 
5/-11 2/-6 

218/36 235/32 
QL-11 5/-10 

204/31 229/31 
_9.L-: 13 4/-16 
185/22 199/19 
!.~6/ -9 51/-7 
165/15 190/12 
92/-0 84/3 
233/10 224/13 
29/12 48/9 

. 255/24 
11/5 

. . 

Plotting model: 

dd/vv 
Edd/Evv 

. . 
265/30 298/35 
8[-5 3/-2 

253/28 313/16 
18/-12 -6/5 
238/16 336/7 
40/-2 -34/10 
242/15 287/7 
33[1 0/11 

242/21 258/16 
. 25/1 10/6 
254/30 264/30 
6/-1 -2/-0 . 271/49 

-10/-12 

. . . 

. . . 
347/33 9/56 8/69 
-22/0 -35/-17 -29/-26 
5/26 24/51 19/62 

-45/0 -57/-20 -48/·26 
16/16 23/36 17/49 
-78/5 -79/-10 -67/-17 
294/12 358/21 359/29 
-19/12 -76/6 -72/3 
273/29 305/27 311/31 
-8/2 -36/7 -35/7 

280/50 289/44 289/43 
-13/-9 -19/-0 -17/3 

. 280/58 272/48 
-12/-8 -1/3 . 

. 335/47 300/29 
-10/-8 16/2 

353/66 333/39 290/28 
-17/-21 -0/-0 30/3 

2/58 343/35 271/32 
-25/-17 -13/3 45/2 
10/50 336/26 258/32 

-44/-14 -16/11 49/5 
4/39 314/21 250137 

·56/- 3 -14/18 40/5 
326/27 282/31 252/46 
-40/10 1/13 24/3 
291/34 27 5/46 256/52 
-16/9 -1/3 13/4 
280/48 274/51 258/53 
-8/1 .. 3/2 7/6 
270/46 265/52 261/42 
-0/6 2/2 2/16 

Verifying Date 

2 January OOGCT 
2 January 12GCT 
3 January OOGCT 
3 January 12GCT 
4 January OOGCT 
4 January 12GCT 

277/26 262/26 252/28 
16/0 7/0 -7/5 

266/34 256/42 255/45 
40/·6 16/-14 -8/-8 
251/43 250/55 248/65 
51/-10 _25/-20 5/-21 
246/52 243/68 245/74 
47/-13 30/-25 11/-22 
244/59 242/73 244/83 
37/-13 28/-21 13/ :<'3 
246/62 243/75 242/83 
25/-6 22/-14 16/-17 
249/60 246/66 245/70 
18/-0 18/-3 13/-2 
257/51 252/54 249/55 

5/13 9/10 10/7 
261/46 263/43 258/41 
0/13 -1/15 2/11 

Average Error 
Edd/Evv 

24 .. 7/8 .. 0 
15.3/7.0 
16.7/9.4 
28.5/11.4 
23.4/9.5 
11.1/9.4. 

• 

Table IIa: Direct kinematic 12 hour forecast at grid points verifying 4 January, 1961, 00 GCT; smoothing 
on input data by double scanning of analysis; no smoothing on forecast. Forecast directions 
and speeds (dd/vv), differences between actual and forecast directions and speeds (Edd/Evv), 
as indicated in plotting model. 
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, t;J-1 
5/-1 

19/-2 ~~4 20l-2 2 5 
25/1 1/11 

,14/0 5/9 
32/-5 15/6 
351-3 28/6 

- ~ .. - ..1, • .._;;;;.._. 

-54/3 83/-12 
.. l9.!: !~ 65/4 
78/10 119/6 
67/9 97/9 
-5/1 -9/16 
-3/0 -8/11 . -11/-8 

-10/-7 . . 

, 
-10/"l. 
-10/1 

-14/9 -25/7 -29/3 . . • . 
-4i6 

11/7 42/3 30/-5 17/-10 -4/-6 -16/-5 
-15/9 -30/7 -30/2 -21/-1 13/7. 38/4 331-6 17/-10 -4/-6 -16/-5 
-23/15 -58/13 -55/2 -35/-2 -17/1 -20/-3 -9/1 -1/3 33/13 46/') 51/-8 22/-17 -5/-12 -20/-8 
-23/14 -53/9 -50/2 -34/-2 -20/0 -19/-3 -10/0 0/5 26/11 48/3 49/-9 21/-17 -4/-12 -19/-8 
56/14 -68/6 -56/-2 -54/-7 -24/-2 -23/-6 -13/1 4/4 24/11 54/-2 52/-11 25/-18 3/-15 -13/-7 
41/14 -80/8 -63/-1 -47/-5 -27/-3 -22[-4 -12/0 2/7 25/12 53/0 50/-11 25/-18 4/-16 -13/-6 
133/7 -146/6 -71/2 -66/-3 -31/0 -30/-4 -18/2 -2/6 25/12 49/-3 47/-14 23/-19 6/-13 -8/0 
123/7 -145/7 -77/2 -56/-2 -33/-2 -28/-2 -17/1 -1/7 29/10 48/-1 41/-14 24/-19 6/-15 -8/-2 
168/12 -125/11 -52/8 -41/4 -33/4 -33/2 -14/4 0/8 20/8 35/-2 33/-15 22/-18 8/-17 -9/7 
158/11 -115/12 -52/8 -44/5 -33/3 -28/2 -15/4 2/8 2217 33/-2 29/12 20/-15 6/-13 -6/1 
-11/13 11/16 -9/10 -12/3 -5/1 -12/2 -2/3 6/3 16/5 19/-1 13/-3 12/-6 6/-12 -7/17 
-7/13 2/14 -8/8 -12/5 -8/2 -10/3 ·3/4 6/3 15/3 19/-2 18/-7 14/-9 7/-7 -4/5 

. 11/11 -6/1 -6/-3 -1/-5 -4/-3 3/-5 6/-3 4/4 14/1 13/·2 11/0 7/4 7/-5 
-5/3 3/6 -3/2 -5/-1 -1/-5 -2/-3 4/-2 8/-1 10/-1 13/0 14/-2 12/-2 6/3 0/7 

• . . -4/-9 5/-10 7/-7 13/-1 10/-8 7/-11 12/-2 6/8 7/9 5/7 
oti1 0/3 . -2/-3 -2/-9 4/-9 1/-7 10/-5 11/-3 11/-1 11/1 8/7 8/7 6/~ 

. 9/-9 18/•1 22/4 10/-2 . 6/9 5/11 5/6 -1/8 
6]-12 9/-8 17[-5 16/-2 13/-1 10/7 7/7 5/11 4/11 0/9 . 

16/-4 • Plotting model: .... 
Average Error "" · UEdd/UEvv UEdd{UEvv SEdd£SEvv • 

SEdd/SEvv 
Verifying Date 

2 January OOGCT 13.6/5.6 12.7/5.3 
2 January l2GCT 14.1/6 .. 0 13.6/5.6 
3 January OOGCT 22.3/6.6 19.4/6.1 
3 January 12GCT 28.2/9.2 27.3/8.4 
4 January OOGCT 25.3/6.6 23.2/6.0 
4 January 12GCT 16.8/7.4 15.1/7.1 

Table lib: Errors made by "persistence" forecast, verifying at 4 January, 1961, 00 GCT. Differences 
between actual and 12 hour old directions and sp~eds, no smoothing on input data (UEdd/UEvv), 
and smoothing on input data by double scanning of analysis (SEdd/SEvv), as indicated in 
plotting model. 
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189/36 225/22 . . . . l . . . . . 244/41 242/49 239/60 
35/-3 7/12 47/-13 28/-21 6/-26 
147/21 67/20 37/32 25/62 . . . . . 294/17 261/20 235/39 232/59 233/72 
57/7 149/3 159/_-9 -113/-37 40/23 57/10 72/-12 41/-31 12/-34 
91/48 65/50 51/65 41/83 29/75 15/76 355/56 340/43 305/30 289/28 257/29 236/43 232/55 239/65 I 
113/-27 151/-33 179/-50 -132/-66 ~79/-54 -49/-39 -20/-17 -0/2 35/8 43/9 57/6 68/-9 42/-20 13/-20 
86/47 65/54 52/64 47/78 35/63 14/61 32 5/43 309/44 284/41 287/36 265/44 250/58 243/61 247/68 
130/-32 .165/-41 -164/-5) -127/-64 ~95/-47 -55/-31 1/-13 21/-7 40/-6 31/2 40/-5 49/-18 30/-18 8/-14 
77/29 60/44 56/61 49/64 39/48 351/34 303/37 281/48 278/47 284/42 274/46 265/62 259/71 260/74 
173/-14 -163/-29 -130/-4~ -130/-46 -109/-30 -56/-12 -1/-12 30/-15 29/-11 15/-1 16/-4 20/-19 13/-21 -0/-17 
282/7 . 47/27 36/35 11/19 296/21 268/40 266/55 266/52 276/52 271/62 264/74 264/77 269/74 
-19/16 -128/-3 -127/-10 ~105/3 -23/3 12/-13 17/-22 15/-13 9/-7 5/-12 2/-12 -0/-12 -10/-10 i 

. . . . ~87/19 258/49 250/63 250/68 251/62 258/52 255/69 257/74 259/76 263/70 
~28/10 4/-18 17/-29 25/-30 22/-17 17/-2 14/-10 9/-13 4/-12 -3/-1 

. . . . . . 229/78 235/92 234/65 239/59 249/80 246/78 246/72 254/62 
41/-33 36/-45 36/-15 29/-8 14/-21 15/-13 15/-4 4/0 

. . . 237/10 3 234/65 237/62 241/77 233/47 239/34 
33/-48 32/-10 26/-3 21/-17 29/11 23/12 _j 

. 
Plott in g model: I 

Table Ilia: 

Verifying Date 

3 January OOGCT 
3 January 12GCT 
4 January OOGCT 
4 January 12GCT 

Average Error 
Edd/Evv 

32.2/14.5 
38.4/21.3 
49.6/18.8 
58.5/16.3 

Direct kinematic 24 hour forecast at grid points verifying 4 January, 1961, 00 GCT; no 
smoothing on input data or forecast. Forecast directions and speeds (dd/vv), differences 
between actual and forecast directions and speeds (Edd/Evv), as indicated in plotting model. 



J. . CJ202/34 225/15 325/21 . . . . • . 289/25 263/22 247/39 243/52 247/63 
19/-2 5/16 -75/11 35/13 53/9 46/-12 26/-25 -2/-29 

:i 184/23 132/21 67/19 38/37 26/62 19/79 . . • 312/28 290/20 258/24 235/38 23-2/56 237/67 
:_'JQ/..0 76/5 151/5 -157/-15 -112/-37 -77/-46 23/16 42/18 62/7 71/-10 40/-28 9/-30 

:'J6/36 91/42 66/49 51/62 40/77 29/78 14/71 354/55 333/39 306/30 286/27 254/30 239/43 233/57 238/65 
·I :_18 113/-22 ll•7/-31 -177/-47 -128/-61 -82/-56 ·49/-37 -20/-16 5/3 30/10 43/11 62/4 63/-10 42/-22 15/-21 
i37 83/lt6 65/55 53/65 46/76 32/65 12/57 332/41 310/42 290/39 284/35 267/40 251/53 245/59 248/67 

'' 
'/-23 133}- 31 166/-42 -162/-53 -127/-62 -90/-47 ·52/-30 -5/-10 20/-6 35/-3 35/2 40/-2 42/-14 28/-16 8/-15 

. . 79/33 6-1/42 54/55 48/60 34/49 351/34 306/36 285/46 279/46 280/45 273/50 263/61 257/68 260/73 
I 17Q/:_J]_ -163Pi.7 -139/-39 .. 132/-43 -106/-30 -53/-12 -2/-10 24/-14 28/-10 19/-5 17/-7 18/-15 13/-16 -2/-13 

f . 32l:/3 39/16 44/28 34/32 10/21 301/24 270/42 264/56 268/52 273/52 270/60 264/71 263/76 268/76 
-65/20 ... }36/6 -131/-5 -126/-9 -101[1 -26/0 11/-14 22/-23 17/-14 10/-7 6/-10 7/-15 2/-15 -9/-10 

l .. .. . 310/12 315/14 278/19 257/41 249/60 250/68 252/64 256/57 258/65 257/72 259/73 263/68 
t -43/17 -54/14 -16/10 7/-9 19/-25 25/-29 22/-20 17/-7 11/-8 10/-12 5/-10 -4/-0 ' ·--·-· . . . . 244/41 232/58 232/79 236/84 239/73 242/67 247/75 246/74 247/70 255/59 

--- 16/-4 34l-17 37/-35 35/-37 32]-23 28/-13 18/-15 16/-9 14/-5 4/3 
. 223/78 229/88 233/82 237/69 239/70 237/67 236/56 240/40' 

- 44/-28 41/-36 36/-29 30/-14 24/-11 24/-7 25/2 20/12 i 
.. 

I 

Plotting model: 

dd/vv 
Edd/Evv 

Table IIIb: 

Verifiing Date 

3 January 00 GCT 
3 January 12 GCT 
4 January 00 GCT 
4 January 12 GCT 

Average Error 
Edd/Evv 

30.7/13.4 
38.8/20.1 
51.0/17.9 
51.6/15.8 

Direct kinematic 24 hour forecast at grid points verifying 4 January, 1961, 00 GCT; smoothing 
on input data, no smoothing on forecast. Forecast directions and speeds (dd/vv), differences 
between actual end forecast directions end speeds (Edd/Evv), as indicated in plotting model. 
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210/53 224/49 . . . . . . . . . 262/28 244/32 235/36 
14/-20 8/-14 29/-0 26/-4 10/-2 
198/42 206/29 220/20 293/18 . . • . . 322/33 288/25 262/29 249/40 242/47 
6/·13 10/-5 17/2 -21/6 

. 
12/7 30/_5 45/-2 24/-12 3/-9 

-l-92/37 183/22 219/18 288/14 21/31 3/51 10/64 6/67 352/49 334/34 271/36 259/42 250/52 246/62 
12/-16 33/-5 11/-3 -19/2 --71/-10 -37/-14 -35/-25 -26/-21 -11/-10 -1/3 43/-0 45/-8 24/-17 6/-17 

-i68/29 138/18 . 131/12 38/10 38/27 13/42 18/52 11/53 ~55/39 325/28 265/39 258/54 251/64 247/72 
'·8/-14 92/-5 116/-1 -118/3 -98/-11 -54/-12 -51/-22 -40/-16 -30/-4 -6/10 40/-0 41/-14 22/-21 8/-18 
131/21 119/14 95/15 37/10 23/16 15/22 13/32 357/38 ~43/30 301/27 258/37 254/57 250/72 249/83 

119/-6 137/0 -169/0 -118/7 --93/1 -80/-0 -71/-7 -45/-5 -35/5 -1/13 32/4 31/-14 22/-22 10/-26 
109/1 . 145/2 300/6 301/10 302/13 332/20 315/22 293/27 279/29 257/42 252/63 248/73 248/83 
153/22 133/21 -31/18 -35/12 -29/11 -51/6 -31/10 -11/11 6/15 19/7 14/-1 15/-8 10/-19 

. . . . 271/26 268/28 285/29 284/36 27 5/41 282/36 254/51 251/60 248/63 247/67 
.. -12/3 -5/2 -17/4 -8/1 -1/3 -6/13 15/7 15/0 15/0 12/1 

. . . . . . 271/48 264/43 ~64/57 263/63 . 254/53 251/57 247/56 
-0/-3 7/3 6/-7 5/-12 7111 10/10 11/6 . . . R48/48 . . . . . 

~2/_6 . 
I 

Plotting model: 

dd/vv 
Edd/Evv 

Table IVa: 

Verifying Date 

2 January 12GCT 
3 January OOGCT 
3 January 12GCT 
4 January OOGCT 

Average Error 
Edd/Evv 

15.0/6.3 
18.2/9.7 
27.1/12.5 
35.3/8.9 

Interpolated kinematic 12-hour forecast at grid points verifying 4 January, 1961, 00 GCT, 
using \ ex and \ C computed from 24-hour pattern displacement; no smoothing on input data 
or forecast. Forelast directions and speeds (dd/vv), differences between actual and forecast 
directions and speeds (Edd/Evv), as indicated in plotting model. 
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. 
. 209/50 221/44 245/40 . . . • . . 1323/40 290/28 260/29 244/32 236/39 

12/-18 9/-12 4/-7 1/-1 26/3 133/-2 251-5 _8_1-5_ 
193/46 198/42 209/31 232/23 290/19 333/34 . . . 348/55 326/34 288/27 263/32 249/40 244/46 

_'].)/-22 10/-15 9/-6 8/-1 -16/5 --31/-1 -12/-10 6/4 32/4 43/-4 23[-12 2/-9 
130/1+1 183/35 182/23 209/13 306/9 8/28 5/47 9/61 4/63 353/48 330/32 277/32 257/40 251/52 246/62 

. '!. r:-/-23 __21/-15 31/-5 24/1 -34/6 -61/-6 ... 40/-13 -3Y-22 -25'-20 -16/-7 -0/6 39/2 45/-7 241-17 71-18 
'1 '•/33 161/26 143/19 127/12 46/10 27/25 16/41 16/50 9/53 354/39 320/28 270/34 257/52 249/63 249/72 
:t/-19 55/-11 88/-6 123/-0 -127/3 -851-7 -56/-14 -49/-19 -W-17 -28/-3 -0/9 37/3 36/-13 24/-20 7/-20 
. 143/18 120/16 97/13 45/8 25/17 15/25 9/33 YJJ/36 341/30 298/26 261/38 253/56 250/70 249/80 

106/-2 137/-1 177/2 -129}8 -97/1 -771_-3 -65/-7 -lfY-4 -33/5 1/13 29/4 28/-10 20/-18 8/-20 . 251/7 222/3 164/1 290/5 317/8 316/14 331/19 3 2 '2/23 301/27 277/32 257/45 252/60 248/71 247/78 
7/16 40/19 108/21 -22/17 -48/14 -41/10 -49/8 ~3:/ 9 -15/10 6/12 19/4 19/-4 11 L-1o 111_-12 

. . . 268/19 269/21 275/24 273/29 283/29 2eA/33 274/37 267/44 255/51 251/58 248/64 247/67 
I . . -8/7 -13/5 -14/5 r-8/5 14/5 -1/10 -812 0/6 6}5 16/1 16/-1 11/0 
r- 269/44 269/46 269/46 268/48 265/49 262/51 253/56 252/55 250/56 247/54 l . 
'---.. --i 
j 
1 

. . 

Plotting model: 

dd/vv 
Edd/Evv 

. . 
-Bl-7 -21_-5 0/-2 3/-1 

. 264/56 ';2.56/55 
3/-6 4/-3 

. 

6/0 B/2 12/3 
255/54 255/56 252/50 
14/-1 12/·1 11/8 

Verifying Date 

2 January 12GCT 
3 January OOGCT 
3 January 12GCT 
4 January OOGCT 

10/9 111_8 12/8 
253/52 255/46 252/40 
8/7 6/12 8/12 

Average Error 
Edd/Evv 

13.6/5.0 
17.8/9.1 
27.8/11.3 
29.6/8.2 

Table IVb: Interpolated kinematic 12 hour forecast at grid points verifying 4 January, 1961, 00 GCT, 
using% CX and% Cy computed from 24-hour pattern displacement; smoothing on input data, 
no smoothing ~n forecast. Forecast directions and speeds (dd/vv), differences between 
actual and forecast directions and speeds (Edd/Evv), as indicated in plotting model. 
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and forecast maxima (and minima) of the u and v components were adjusted to their 
original magnitude. 

This scanning technique usually failed to reduce truncation errors in the 
Pacific Northwest of the United States, because the two northernmost grid lines 
were not fully covered with data, and therefore did not permit the required 
estimate of maximum and minimum values of LMW parameters. 

Examples of 24-hour forecasts obtained with this scanning procedure are 
given in Table V. Programs are listed in Appendix 6. 

Two different twelve-hour forecasts were tested: 

(a) Appl.ying half of the observed 24-hour changes derived with above 
scanning procedure at individual gridpoints. 

(b) 12-hour extrapolation of the time interval (t0 • 12) hours applying 
above scanning procedure directly to the 12-hour results. 

A sample of results is presented in Table VI. It shows the interpolation 
from 24-hour forecasts to be of slightly better quality than direct 12-hour 
extrapolation. Programs, again are listed in Appendix 6. 

(4) Geostrophic Steering of the LMW 

A different approach, trying to compute a possible correlation of LMW 
displacements from the 300-mb geostrophic steering current has been tried by 
Rasmussen (1963). No significant correlation could be found between the 
components ug and vg of the 300-mb geostrophic wind, and the rates of displace• 
ment, cx and cy, of LMW isotach systems. Apparently, a certain relationship 
exists only between the speed of propagation of jet maxima and the geostrophic 
wind of the 300-mb level (Reiter 1958). 

Tests were also made by Rasmussen (1963), incorporating a climatic value 
of 12° longitude per day (Namias 1947) for the advection of isotach systems in 
the x-direction of the grid. Again, no significant correlation could be found 
between the remaining displacement speed of isotachs in the y·direction, cy' 
and the 300-mb geostrophic wind. 

(5) Forecasting Thickness and Height of the LMW 

It turned out, that the smoothing technique described earlier for wind 
speed and direction analyses was not directly applicable to the parameters h 
and A h, height and mean thickness, of the LW~. This was mainly due to the 
fact that standard values of h=20 km andA ha7 km were assigned to barotropic 
wind profiles reported at individual stations. When computing gridpoint values 
by fitting a quadratic surface to station values, and especially when re
evaluating grid data by considering them equivalent to station data in a second 
run of the program, these assigned "barotropic" values tended to overpower non• 
baratropic values near the observed jet axes, thus rendering a rather smooth field 
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214/10 302/19 . . . . . . . . . 270/37 242/49 239/60 
10/22 -69/15 21/-9 28/-21 6/-26 
70/12 29/38 20/57 17/90 . . . . . 341/51 261/20 235/39 232/59 233/72 
134/16 -172/-14 -142/-31+ -105/-65 -6/-10 57/10 72/-12 41/-31 12/-34 
76/18 35/17 2 S/31 18/45 42/55 25/47 353/37 332/31 293/27 287/27 266/28 250/38 248/47 239/65 
128/2 -178/-0 -154/-16 -109/-28 .. 9 2J..?A .. 59/·10 -18/1 7/14 47/11 45/10 48/7 54/-4 261_-12 13/-20 
88/12 42/15 21/25 23/37 1/29 333/37 290/55 286/60 273/59 281/50 270/55 260/62 257 I 59 247/67 
128/2 -171/-2 -133/-14 ·103/-23 -61/-13 -14/-7 36/-25 44/-2.3 51/-24 37/-11 35/-16 39/-22 16/-16 8/-13 
281/2 359/9 27/20 33/27 1/22 305/38 281/54 272/65 271/61 278/51 273/52 267/63 262/68 259/67 
-30/12 -102/5 -101/-4 -114/-9 -71/-4 -10/-16 20/-29 39/-32 36/-25 21/-10 17/-10 18/-20 10/-18 0/-10 
282/7 . 47/27 36/35 11/19 296/21 268/40 258/15 283/10 329/16 27 5/29 257/47 262/55 269/74 
-19/16 -128/-3 -127/-10 -105/3 -23/3 12/-13 25/17 -1/28 -43/28 1/_20 9/14 1/9 -10/-10 

. . . . 264/27 256/51 250/61 252/61 255/59 264/53 260/64 261/65 263/64 269/69 
-5/2 6/-20 17/-27 23/-23 18/-14 11/-3 9/-5 5/-4 0/-0 -9/-0 

. . . . . . 217/64 230/81 231/61 239/59 261/64 246/77 246/72 254/62 
53/·19 41/-34 39/-11 29/·8 2/-5 15/-12 15/-4 4/0 

. . . 249/92 246/58 247/60 245/75 234/47 234/36 

Plotting model: 21/-37 20/-3 16/-1 :17/-15 28/11 28/10 

dd/vv 
Edd/Evv 

Table Va: 

I . 
Verifying Date 

3 January OOGCT 
3 January 12GCT 
4 January OOGCT 
4 January 12GCT 

Average Error 
Edd/Evv 

28.7/10.0 
39.0/14.9 
45.7/14.5 
57.3/12.8 

Direct kinematic 24 hour forecast at grid points verifying 4 January 1961, 00 GCT; no 
smoothing on input data, smoothing on forecast by scanning for maxima and minima. 
Forecast directions and speeds (dd/vv), differences between actual and forecast directions 
and speeds (Edd/Evv), as indicated in plotting model. 
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I 274/68 

r -. ·· :,_,.;(;~To· 18 '340/39 
. .J~'!4 -79/lJ -90/-6 
~ '.3 . ~~:/1"9 27/J8 22/61 
-::.:../.:.:' !57/7 -168/-13 -141/-39 
Bl/35 87/42 69/48 58/57 
124/-17 117/-2214/J/-30 175/-42 
16/37 84/46 71/53 60/59 
139[-23 132/~1 160/-40 -169/-47 
. • 89/33 7 5/38 66/48 

160fl7 ·177/-23 -151/-32 
~---.-_......25.;;;...;.7;..!-:'r-5 281/13 314/11 

l/8 -18/9 -41/11 
• • 250/9 

16/20 

Plotting model: 

dd/vv 
Edd/Evv 

. . . . 
18/87 14/105 . • 
-104/-62 -72/-72 
49/67 38/60 23/46 352/39 
-137/-51 -91/·38 ·58/-12 -18/-G 
14/39 357/35 327/39 307/60 
-95/-25 -55/-17 -7/-12 19/-29 
355/24 336/24 299/43. 281/58 
-79/-7 -48/-5 -1/-21 22/-32 
346/13 302/17 274/36 261/54 
-78/9 -33/5 0/-11 20/-26 
292/10 268/19 256/41 251/59 
-31/18 -6/10 8/·9 17/-24 . 262/33 245/43 242/63 

-1/3 21/-2 27/-19 
. 235/56 

32/-6 

• 

• 

324/30 
14/12 
295/63 
35/-27 
273/68 
36/-36 
258/66 
28/-33 
254/66 
21/-27 
232/78 
39/-31 
245/68 
25/-16 

. 290/25 263/22 
34/13 53/9 

336/51 290/20 ~58/24 
-0/-6 42/18 62/7 
298/27 287/27 266/29 
38/13 42/11 50/5 
283/58 280/51 268/52 
42/-22 39/-13 39/-14 
272/64 275/58 272/58 
35/-28 24/-18 18/-15 
261/58 267/54 266/59 
24/-20 16/-9 10/-9 
257/63 262/56 263/64 
17/-19 11/-6 6/-7 
239/73 242/67 247/75 
32/-23 28/-13 18/-15 
253/65 264/55 268/57 
16/-12 3/-0 -4/1 

Verifying Date 

3 January OOGCT 
3 January 12GCT 
4 January OOGCT 
4 January 12GCT 

247/39 243/52 244/54 
46/-12 26/-25 0/-20 
235/38 232/56 237/67 
71/-10 40/-28 9/-30 
254/39 249/49 238/65 
48/-6 26/-14 15[-21 
254/60 246/62 247/66 
39/-21 27/-19 9/-14 
2.66/64 261/66 259/66 
15/-18 9/-14 -1/-6 
261/67 261/68 267/65 
10/-11 4/-7 -8/0 
261/71 253/28 265/24 
6/-11 11/34 -6/43 
246/74 247/70 255/59 
16/-9 14/-5 4/3 
237/67 236/56 240/40 
24/-7 25/2 20/12 

Average Error 
Edd/Evv 

28.5/9.6 
39 .. 8/17.5 
46.4/17.9 
42.1/9.1 

Table Vb: Direct kinematic 24 hour forecast at grid points, verifying 4 January 1961, 00 GCT; smoothing 
on input data and forecast. Forecast directions and speeds (dd/vv), differences between 
actual and forecast directions and speeds (Edd/Evv), as indicated in plotting model. 
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205/49 226/46 . . . . . . . . . 262/28 251/43 234/37 . 
232/40 251/36 310/34 264/28 257/27 
195/20 224/11 271/9 327/26 . . . . . 321/40 289/26 263/29 249/40 247 Iss . 
219/29 245/21 271/18 301/31 336/55 289/28 264/30 256/42 256/46 
200/20 174/14 254/19 242/14 3/23 347/40 358/46 8/47 348/50 329/36 271/37 259/43 250/52 246/62 . 
170/22 177/19 203/22 220/16 343/5 327/23 15/41 12/46 4/62 349/37 262/39 252/45 248/56 248/65 
152/18 163/15 320/26 309/39 38/26 14/35 20/42 13/39 348/41 321/31 265/39 258/54 251/64 247/72 . 
141/24 220/23 242/42 256/69 161/5 348/10 41/39 34/41 12/53 343/27 251/37 246/52 244/66 243/74 
119/17 102/13 78/16 29/13 21/17 15/21 13/27 357/28 337/34 304/30 258/37 254/57 250/72 249/83 . 
180/7 246/35 248/49 2 58/71 263/81 266/76 279/71 32/28 7[41 313/23 246/36 243/59 241/75 244/85 
184/9 . 188/9 341/10 323/14 319/17 331/25 319/27 298/29 283/30 257/42 252/63 248/73 249/83 . 
79/3 219/12 250/28 262/26 277/21 341/24 215}4 297[18 282/28 264[42 263/61 264/70 269/81 

. . . . 273/27 269/28 290/29 269/44 268/56 280/36 254/51 252/59 252/62 252/64 . 
259/35 269/24 314/24 309/35 290/42 294/42 256/53 250/62 246/65 245/70 

. . . . . . 263/48 260/44 262/57 261/53 . 254/53 251/57 251/53 . 
263[44 264/47 264/74 265/82 260/47 256/58 250/56 

. . . 248/48 . . . . . . 
263/27 

. 
---··-

Plotting model: 

ldd/Ivv 
Ddd/Dvv 

Table VIa: 

Average Error 
Verifying Date Eidd/Eivv EDdd/EDvv 

2 January 12GCT 13.2/5.9 
3 January OOGCT 20.1/7.6 
J January 12GCT 29.8/10.6 
4 January OOGCT 33.5/7.4 

15.7/7.7 
23.7/9.1 
33.1/11.8 
28.5/12.5 

Idd/Ivv: Interpolated kinematic 12 hour forecast verifying 4 January 1961, 00 GCT, using 
mean values at grid points between original unsmoothed input data at teO and direct 
kinematic 24 hour forecast smoothed by scanning for ~axima and minima. Ddd/Dvv: Direct 
kinematic 12 hour forecast verifying 4 January 1961, ·ao GCT; no smoothing on input data, 
smoothing on forecast. 
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~03/26 
~.2:'J/'l3 
~.81/21 
'97/21 
rCst/18 
[55/17 
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• 233/46 
232{26 

212/28 235/30 267/33 • . . . • • 320/38 284/37 260/29 243/33 236/40 . 
205/29 232/29 261/32 333/43 300/29 274/44 262/26 252/28 
207/28 230/23 264/21 303/23 334/36 • • . 344/44 323/35 288/28 264/33 249/40 243/47 . 
217/29 234/26 251/28 273/31 297/37 351/50 333/39 l290l_28 266/34 256/42 258/55 
182/23 179/17 256/16 277/14 15/22 7/37 0/44 356/42 342/50 319/37 275/38 258/44 252/54 247/6.4 . 
208/27 170/20 2'•7/44 260/63 283/11 337/19 14/36 13/44 2/58 343/35 271/32 251/43 250/55 248/65 
153/19 124/16 96/11 286/8 1/16 354/29 355/33 11/38 347/42 316/31 271/35 257/52 249/63 249/72 • 
186/19 189/18 198/19 225/19 225/4 13/11 38/34 31/40 10/50 336/26 258/32 246/52 243/68 245/74 
171/7 122/9 78/8 35/7 14/13 7/20 4/26 356/26 334/34 304/28 261/36 252/53 248/66 247/76 . 
190/8 242/30 251/48 258/72 219/11 88/4 45/20 32/27 4/39 314/21 250/37 244/59 242/73 21J4/83 
263/20 255/14 249/11 261/15 272/14 281/17 304/19 322/19 299/26 276/32 258/45 254/59 252/70 252/76 . 
246/10 213/15 207/20 232/34 236/29 242/22 296/10 317/13 303/23 274/33 254/47 251/60 250/68 251/72 
. . 267/32 269/29 274/30 273/33 284/32 286/34 276/37 268/44 255/51 250/58 248/65 247/67 . 

268/40 254/41 255/39 255/35 271/23 273/23 273/32 267/46 254/53 251/59 251/64 253/66 . . . . 269/44 269/47 270/47 268/48 265/49 262/51 253/56 252/55 250/56 247 I 55 . 
263/49 254/51 250/44 292/37 281/46 274/53 259/57 258/57 255/63 252/66 . 264/59 257/57 256/56 255/57 253/51 253/53 255/46 252/40 . 

280/58 272/48 270/46 265/52 263/60 262/51 263/43 258/41 
. 

Plotting model: 

Idd/Ivv 
Ddd/Dvv 

Table Vtb: 

Verifying Date 

2 January 12GCT 
3 January OOGCT 
3 January 12GCT 
4 January OOGCT 

Average Error 
Eidd/Eivv EDdd/EDvv 

13.1/4.3 
19.4/8.3 
27.6/12.1 
25.3/5.3 

17.5/5.3 
26.3/8.1 
27.3/11.9 
23.5/8.9 

Idd/Ivv: Interpolated kinematic 12 hour forecast verifying 4 January 1961, 00 GCT, using 
mean values at grid points between original smootned input data at t=O and direct kinematic 
24 hour forecast smoothed by scanning. Ddd/Dvv: Direct kinematic 12 hour forecast verifying 
4 January 1961, 00 GCT; smoothing on input dnta and forecast. 
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which did not correspond to reality and which consequently resulted in high 
forecasting errors. 

This was remedied by weighi~g original station values of hand 6h three 
times heavier than grid point data in the second run of the program which was 
responsible for this undesired amount of smoothing. The results, thus obtained, 
were quite satisfactory. 

Slightly different kinematic forecasting procedures have been chosen for 
extrapolations of hand 6h than have been described in the foregoing for the 
wind-velocity components of the LMW. In accordance with a mean climatological 
rate of eastward displacement ~f jet-stream systems (Namias 1947), objectively 
analyzed grid-point values of h and Ah were moved to the ~ight by 1\ grid 
distances in order to arrive at a 12 hour forecast of the hand 6h fields. In 
practice this was done by computing the average values between two horizontally 
adjacent grid points and then assigning these values to the next grid point to 
the right. With this method a significant improvement over persistence could 
be achieved in most of the forecasts of a 25-day sample described in the following 
chapter. 

A data sample of forecasts is presented in Table VII. Programs are listed 
in Appendix 7. 

(6) 25 Days of Objective Forecasting, January 1961 

Figs. 9a to 9e show objective analyses of the LMW wind speeds. and directions 
at 5-day intervals during the period January 1 to 25, 1961, for which the fore
casting experiment described below has been conducted. Analyses have been 
obtained by using grid data of first scan equivalent to station data during a 
second program run. As may be seen from these analyses, the upper flow .Pattern 
showed considerable variability between zonal and meridional cond·itions of flow, 
thus giving a good indication of how the analysis and forecasting techniques 
described in this report will hold up under a variety of weather conditions at 
jet-stream level. 

A time section of mean 24-hour forecasting errors in wind speed during this 
25-day period, averaged over the grid of Fig. 4, is shown in Fig. 10. Errors of 
the kinematic extrapolation forecasts (solid lines) exceed the ones made by a 
persistence "forecasts" by about 3 mps on the average. As will be shown later, 
most of these errors seem to concentrate in particular regions, such as the 
Pacific Northwest of the United States where - as has been pointed out earlier -
the scanning of wind maxima and minima in order to reduce the truncation errors 
was ineffective. It is felt that forecasting errors in these regions could be 
reduced drastically by extending the objective analysis across the northern border 
of the United States into Canada. 

Mean errors of wind direction extrapolation presented in Fig. 11 show 
essentially the same deficiencies as the forecasts of wind speeds. The mean 
error of kinematic extrapolation is approximately 6 degrees larger than the 
mean error of persistence. Consequently the root mean squared errors of the 
vector wind, shown in Fig. 12 turn out to be appreciable. Again, the kinematic 
extrapolation techniques seem to be inferior to persistence by about 4 mps on 
the average. 



. 

. 
2994 
11498 
3274 
12434 
3252 
12769 
4807 
15695 
. 
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698) . 
19941 

. 3468 3630 . . . . . . . 4171 4994 5863 6660 6870 
11233 10643 14629 17660 18267 18552 17278 

3287 3815 4030 3682 2889 . . . . 4440 5308 5994 6169 6477 6504 
12248 12691 11761 10560 8890 . 11846 16557 18539 16800 15900 14949 
4129 4833 5201 5128 4769 4425 4261 4254 4362 5019 6280 6854 6767 6535 6158 
14173 15221 15204 14767 13852 13097 12600 11801 11642 13595 17649 19004 16858 14343 11813 
4012 5045 5971 6018 5740 5614 5054 4570 4511 5133 6198 6279 5789 5591 5628 
14012 15316 16616 16661 16307 16254 14717 12980 12527 14387 17589 17123 14844 13493 12175 
5221 617 5 6756 6840 6937 6999 6332 5387 5246 5483 5928 6042 5602 5004 4570 
16365 17694 18703 19152 19669 19999 18203 15640 15236 15276 15717 15393 13407 11956 11450 
4575 5338 5920 6092 6114 6530 6440 5839 5881 5850 5788 5594 4918 4333 3525 
15323 16126 17039 17126 17522 18913 18532 16884 16904 15429 13578 13673 12445 11770 12102 
4197 5262 5998 6211 5659 5661 6571 6333 5565 5508 5941 6085 5438 4677 4146 
15038 16033 16879 17554 16683 16901 18228 17121 15700 14611 14004 13994 12740 12022 11901 
. 4661 5670 5580 4789 4652 5183 5523 4532 4137 5069 5752 5925 5348 5100 

15939 17365 16720 15005 14948 16058 16305 15913 13800 12106 12513 13120 13886 13200 
. . . 5370 3980 3686 42'39 4449 4283 4414 5055 5793 5965 5774 5204 

16371 13202 12638 13634 13552 13141 13068 12736 12688 13682 15235 141J27 
. . . . . 3299 3536 3916 3567 4100 5566 . . 6430 6362 

10435 11676 12451 12432 12377 12344 14772 16189 
.. 3967 4286 5422 . . . . 5798 6006 

12188 12548 12601 11317 13638 

. 
Plottin2 model: 

Table VIla: Direct 12 hour forecasts of thickness ( 6 h) and height (h) of LMW, verifying 
at 4 January 1961, 00 GCT; smoothing on input data, no smoothing on forecasts. 
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1889 
245 
2555 
1887 
2949 
2475 
1746 
405 
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. -783 . . . . . • • • -434 -946 -710 -585 . 
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681 -150 -920 -2232 -2299 -443 -1822 -701 -1785 761 10907 8793 5750 2510 
1373 -408 -522 -2445 -2004 -1034 -1612 -826 239 ·1218 -1349 -2548 -2007 -2253 . 
2472 1065 873 -2041 -1067 -585 -2976 -2357 -2255 -2479 130 -1449 -2225 -5223 
. 654 -215 -995 -479 -687 -1321 -1915 140 ·212 -1196 -1159 -213 ·3453 . 

51 -1486 -2666 -1181 -973 -2499 -3654 -3652 -2935 -632 15 300 -10348 
. . . 709 1336 1255 736 181 70 -397 -1339 -1739 -1807 -782 . 
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2607 1402 478 603 1375 682 1117 
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Plotting model: 

~ 
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Table VIIb: 

Verifying Date 

1 January 12GCT 
2 January OOGCT 
2 January 12GCT 
3 January OOGCT 
3 January 12GCT 
4 January OOGCT 
4 January 12GCT 

Average Error 

E A h Eh 

1250.1 
766.9 
853.2 
782.6 

1046.1 
1251.9 
871.9 

2797.6 
2222.,4 
2230.1 
1909.8 
2048.1 
2315.0 
2424.8 

Di!ferences between actual and forecast thicknesses (E 6 h) and heights 
(Eh} of LMW, verifying at 4 January 1961, 00 GCT; smoothin& on input data, 
no smoothing on forecasts. 
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910 -1150 -2976 -2734 -3124 -2698 106 865 972 1300 582 701 459 -59 -403 . 

-848 -97 -3637 -3880 -5102 -5387 -3 3 969 3081 1137 4458 4625 1766 -409 
603 -1633 -2150 -1640 -2533 -2885 -355 115 -464 620 370 3584 3089 2080 1414 . 

-280 -588 -1510 -648 -3383 -4326 955 457 -1373 1817 2335 10995 11066 6056 2216 
705 -166 -1405 -687 -1390 -2511 -2349 -731 66 230 -2018 -1270 -1478 -908 -1530 . 

-1296 1227 -376 119 -220 -2454 -2071 -603 -782 -232 -2199 476 722 -1706 -4783 
1991 239 -668 278 183 -593 -1498 -1721 126 -119 -1422 -2284 ·1100 709 -3302 . 
123 -96 -1715 144 -221 -1797 -2520 -2557 -3060 372 -1458 -1230 -1007 -817 -8625 
. . 1202 2318 2630 1394 385 ~33 408 -252 -1489 -2364 -1796 -1540 281 . 

-450 -30 438 -268 -735 -546 -727 ·788 -1362 -2042 -4783 -6200 t543 
. . . . 3865 3125 1592 725 1277 -871 -1010 . -1780 ·1469 -440 . 

2186 1565 661 557 588 623 1475 -1378 -2040 ·877 
1170 245 -773 . . . -1943 -2238 -1063 . 
1787 1434 1244 3755 623 1091 

. 
Plotting model: 

Table VIle: 

Verifying Date 

1 January 12GCT 
2 January OOGCT 
2 January 12GCT 
3 January OOGCT 
3 January 12GCT 
4 January OOGCT 
4 January 12GCT 

Average Error 

E A h Eh 

1435.0 
894.8 
878.5 
876.2 
966.6 

1265.9 
1063.5 

2938.0 
2353.3 
2263.8 
2484.8 
2273.2 
1885.4 
2809.5 

Differences between actual thicknesses (E A h) and heights (Eh) of LMW and 
forecast made by "persistence'; verifying at 4 January, 1961, 00 GCT; 
smoothing on input data, no smoothing on forecasts. 
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Fig 9: Objective LMW analyses of wind speeds (mps, areas with speeds 
> 50·mps are shaded) and wind directions (indicated by arrows 
at grid points) for dates as shown. 
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Fig. 10: Time section of mean forecasting errors of wind speeds 
(mps) made by kinematic extrapolation and by p~rsistence, 
averaeed over grid points shown in Fig. 4. 
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Fig. 11: Time section of mean forecasting errors of wind direction 
(degrees) made by kinematic extrapolation and by persistence, 
averaged over grid points shown in Fig. 4. 
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Fig. 12: Time section of RMS error of wind forecasts (mps) made 
by kinematic extrapolation and by persistence, averaged 
over grid points shown in Fig. 4. 

Lack of time did not permit the testing of different analysis techniques. 
A tie-up with the geostrophic wind field at some upper-leve~ constant pressure 
surface might conceivably improve the quality of objective analyses as well 
as of forecasts, the latter beyond the skill-level set by persistence. 

The height of the LMW is forecast better by kinematic extrapolation than 
by persistence, even with the analysis techniques utilized in this study 
(Fig. ~3). On the average, the improvement is about l25 m when using the 
kinematic technique. Similar conditions hold for predictions of the thickness 
of the LMW (Fig. 14) where the }cinematic extrapolation errors are about 100 m 
less in the mean than errors from persistence forecasts. Apparently vertical 
Wind shear patterns are shifting more rapidly with time than LMH wind speed 
and mean wind direction themselves. The lesser amount of smoothing applied to 
the height and thickness analyses by weighing actual station data with a 
factor of three during the second run of the analysis program, as compared with 
grid-point data obtained during the first run also had a favorable effect upon 
the quality of the forecasts. 

For more detailed consideration of the quality of analyses and forecasts, 
the predictions verifying at 4 and 23 January 1961, 00 GCT, are presented in 
the following. As may be seen from Fig. 12, the root-mean squared errors of 
the forecast vector winds attained maximum values on 4 January 00 GCT, and 
minimum values on 23 January, 00 GCT. 
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Fig. 14: 
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Time section of mean forecasting errors of L~~ heights 
(m), made by kinematic extrapolation and by persistence, 
averaged over grid points shown in Fig. 4. 
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Time section of mean forecasting error of LMW thick
nesses (m), made by kinematic extrapolation and by 
persistence, averaged over grid points shown in Fig. 4. 
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The actual objective analyses of the LMW parameters of 4 January, 1961, 
00 GCT, to which the forecasts will have to be compared, are shown in Figs. 
5, 6 and 7. The slightly excessive amount of smoothing which becomes evident 
by comparing station data with the analyses of grid point values presented by 
the iso-lines may be, at least in part, responsible for the inferiority of 
kinematic extrapolation to persistence. 

The 24-hour forecasts of LMW speeds and directions, and 12-hour forecasts 
of LMW heights and thicknesses verifying on 4 January, 1961, 00 GCT are shown 
in Figs. 15, 16, and 17. For comparison, the jet axes from the objective 
analysis of Fig. 5 have been entered as heavy dashed lines with arrows. Fore
casts of wind speeds and directions were made by scanning the input data twice, 
using grid point data from the first run equivalent to station data during the 
second run. The forecast was scanned again in order to reduce main maxima 
and minima of wind speeds to their original size. The excessive wind speeds 
of more than 100 mps forecast over the Pacific Northwest are obviously caused 
by truncation errors, as pointed out earlier, because the scanning technique 
failed in this region. The blocking high over Oregon and Washington did not 
materialize either. 

The general pattern of heights and thicknesses of the LMW is brought out 
rather well in the forecasts, although the sharp gradients appearing in the 
actual analyses {Figs. 6 and 7} are damped considerably in the forecasts. 

Wllld,lllpl 
4 Jo11.6I,OOZ 

·. 
·~ 

Fig. 15: 24-hour forecast of L~~ speeds (mps) and directions 
(arrows at grid points), verifying 4 January 1961, 
00 GCT. Dashed-dotted lines: forecast jet axes; 
dashed lines: jet axes as in Fig. 5. 
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Fig. 16: 12-hour forecast of L~~ heights (km), verifying 4 
January 1961, 00 GCT. B =barotropic regions. 
Dashed lines: jet axes of Fig. 5 • 
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Fig. 17: 12-hour forecast of LMW thicknesses (km), verifying 4 
January 1961, 00 GCT. B = barotropic regions. Dashed 
lines: jet axes of Fig. 5. 
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Figs. 18 and 19 show the errors of kinematically extrapolated wind speeds 
(mps) and lvind directions (deg) of the LMH, and the errors made by persistence. 
Both evaluations again, are based upon objective machine analyses. Extrapola
tion as well as persistence show substantial forecasting errors over the North· 
western United States. Over most of the Central and Eastern United States the 
errors are within tolerable limits. 

Fig. 18: Errors of 24-hour forecasts verifying 4 January 1961, 
00 GCT of ll1l·l speeds (mps, solid lines, vertical numbers) 
and directions (degrees, dashed lines, slant numbers). 
Errors were computed as differences between Figs. 15 and 
5. 
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Fig. 19: Errors made by 24-hour persistence 11forecast", verifying 
4 January 1961, 00 GCT, of LMU speeds and directions. 
Same notation as in Fig. 18. 

In Figs. 20 and 21, the differences in magnitude of extrapolation and 
persistence forecasts are shown for wind speeds and for wind directions of the 
LMW. Kinematic extrapolation produced predictions of better quality than 
persistence within the shaded regions. 1~ile over the area of the whole United 
States on the avera3e wind speeds forecast with the present techniques of 
analysis and extrapolation are not able to match persistence, the areas with 
some skill in the direction forecasts exceed the ones with no skill. 

Again it should be emphasized that improvements are to be expected with 
more sophisticated objective analysis techniques. 

The case of 23 January 1961, 00 GCT with minimum forecasting errors is 
discussed in the following. 
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Fig. 20: ~ifferences in magnitude between 24-hour forecasting 
error and persistence error of LMW speeds (mps), 
verifying 4 January 1961, 00 GCT. Over the shaded 
regions forecasting errors are less than persistence 
errors. 
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Fig. 21: Differences in magnitude between 24-hour forecasting 
error and persistence error, of LMW directions (degrees), 
verifying 4 January 1961, 00 GCT. Over the shaded regions 
forecasting errors are less than persistence errors. 
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Analyses of LMW parameters at verifying time are presented in Fig. 22, 
23 and 24. In comparison with the case of 4 January 1961, they show more 
zonal flow conditions over the eastern United States, and a sharper ridge 
over the Pacific Northwest. 

Fig. 22: Objective analysis, 23 January 1961, 00 GCT, of LMt-1 
speeds (mps, areas with speeds > 50 'nps; are shaded) 
and directions (thin arrows at grid points), obtained 
from grid point data. The heavy dashed lines with 
arrows indicate the position of jet axes. 

The 24-hour forecasts of winds and 12-hour forecasts of heights and thick
nesses of the Lt''1H shown in Figs. 25, 26, and 27, bring out the general features 
of the upper flow pattern. The southwesterly jet-stream branch over Texas is 
not shown in the correct location, however, nor is the jet axis of the main 
jet stream over the eastern U.S. In view of the broadness of this jet, the 
errors made in positioning the axis are of not too serious consequence, as 
may be seen from the error analysis of Fig. 28. 

Both, actual forecast and persistence (Fig. 29) predict the wind directions 
poorly over the western United States within the region of anticyclonic, but 
light, winds. The failure to forecast the southwesterly jet stream over Texas 
causes large errors in speed over this area, shown in Fig. 28. Problems of poor 
data coverage along the boundaries of the grid aggravated the deficiencies in 
the forecast. Different analysis techniques may remedy some of the shortcomings. 

The forecasts of height and thickness of the LMW (Figs. 26 and 27) showed 
some gaps over the eastern United States. Several soundings over this region 
~ere not able to penetrate the rather strong jet stream far enough to permit 
computation of these two LMW parameters. 
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Fig. 23: Objective analysis, 23 January 1961, 00 GCT, of LW.~ 
heights (km). B =barotropic regions. Jet axes as 
in Fig. 22. 
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Fig. 24: Objective analysis, 23 January 1961, 00 GCT, of LMW 
thicknesses (km). B =barotropic regions. Jet axes 
as in Fig. 22. 
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Fig. 25: 24-hour forecast of LMW speeds (mps, areas with speeds 
> 50 mps are shaded) and directions (arrows at grid 

points), verifying 23 January 1961, 00 GCT. Dashed
dotted lines: forecast jet axes; dashed lines: jet axes 
as in Fig. 22. 

Fig. 26: 12-hour forecast of LMtJ heights (km), verifying 23 
January 1961, 00 GCT. B = barotropic regions. Dashed 
lines: jet axes of Fig. 22. 
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Fig. 27: 12-hour forecast of LMW thicknesses (km), verifying 
23 January 1961, 00 GCT. B = barotropic regions. 
Dashed lines: jet axes of Fig~ 22. 

DINctlan.~ Spe.d,onpl \, 

2l,_61,00GCT ·~ 

Fig. 20: Errors of 24-hour forecasts, verifying 23 January 1961, 
00 GCT, of 111"1'7 speeds (mps, so 1 id 1 ines, vert ica 1 
numbers) and directions (degrees, dashed lines, slant 
numbers). Errors were computed as differences between 
Figs. 25 and 22. 
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Fig. 29: Errors made by 24-hour persistence 11forecast", 
verifying 23 January 1961, 00 GCT, of LMW speeds 
and directions. Same notation as in Fig. 28. 
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Fig. 30: Differences in magnitude between 24-hour forecasting 
error and pers is tencc error of LMi.J speeds (mps), 
verifying 23 January 1961, 00 GCT. Over the shaded 
regions forecasting errors are less than persistence 
errors. 
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Figs. 30 and 31 give a comparison of errors made by the 24-hour kinematic 
forecast and by persistence. While the average performance of the forecast is 
better than was the case in the example of 4 January, the areas over which the 
forecasts show some skill seem to be only slightly larger for speeds, slightly 
smaller, however, for directions. 

Fig. 31: Differences in magnitude between 24-hour forecasting 
error and persistence error, of LMW directions (degrees), 
verifying 23 January 1961, 00 GCT. Over the shaded 
regions forecasting errors are less than persistence 
errors. 
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V. Conclusions and Outlook for Further Research 

The computer programs described in the foregoing sections, and listed in 
the appendices, constitute parts of a package encompassing all the necessary steps 
from data processing through analysis to forecasting. Using an IBM-7090 computer, 
the following average computer ·times were consumed during the various computation 
steps: 

Error checking, harmonic analysis, and extraction of LMW parameters: ! ~ 
per sounding. (This average value includes soundings which were rejected from 
harmonic analysis because of their shortness). 

Objective analysis of LMW speeds and directions, converting station to grid· 
point data, and treating grid data of first run equivalent to station data during 
second run: 45 seconds per map (continental United States). 

Objective analyses of LMW heights and thicknesses: ca. 25 sec. per map time 
for both parameters, (continental United States). 

24-hour forecasts of LMW speeds and directions, with scanning for maxima 
and minima in order to reduce truncation error: 6 seconds per map (continental 
United States). 

12-hour forecasts of LMW heights ~ thicknesses: 12 seconds per map time 
for both parameters (continental United States). 

While the main objectives of this research program were to devise and test 
objective and high-speed techniques for forecasting the upper wind field, it 
became increasingly apparent during the investigation, that considerable more 
effort will have to be devoted to improvements in objective analysis techniques, 
before kinematic extrapolation will yield the desired quality of forecasts. 

Experiments will ha1re to be run with successive approximation techniques, 
such as recommended by Bergthorrsson and Doos (1955) and by Cressman (1959). 

The rawinsonde network over the United States seems to be sufficiently 
dense to allow a consistent representation of the upper flow pattern in terms 
of LMW parameters. A further step towards realizing the objectives of an 
Automatic Air Traffic Control System, of course, necessitates the recovery of 
wind speed and direction at any particular flight level from these LMW parameters. 
Computer programs for this phase have not yet been developed. They will, however, 
be easy to design, if certain simplifying assumptions can be made. 

In first approximation we may assume that the harmonically smoothed wind 
profiles are symmetric about the mean height of the LMW, and that they may be 
represented by straight lines, at least within the thickness A h of the LMW 
(Reiter 1958). Improvements over these assumptions may be made statistically from 
actual data. 

The wind. at any given level within the range of~ h may be computed as 
follows, under the assumptions stated above: 
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(Vmax -0.8 Vmax>: ~2h • (Vmax -V): ~ -~ 
where Vmax i~ the wind speed at flight level z, which 
mean height h of the LMW. Equ. (3) yields 

v Ill v -
0

•
4 

v f --y max x max x 
~h 

(3) 

may lie above or below the 

(4) 

Extrapolation of vertical shears computed from A h to layers outside the 
LMW should be attempted by using regression equations similar to the ones 
deveioped by Reiter (1958). 

In forecasting outside the LMW, especially in the stratosphere near the 
upper limits of the specified air space (50,000 ft), one might be able to use 
persistence as a prediction tool, since stratospheric flow patterns are known 
to change but slowly. A persistence "forecast" at the 50,000 ft. level, combined 
with kinematic extrapolation of the LMW, might yield useful wind predictions for 
the total air space from 20,000 to 50,000 ft. For lack of time, the development 
and testing of computer programs of such nature had to be left to future research 
efforts. 

It will be necessary to run extensive comparisons between winds at specific 
levels derived from LMW parameter analyses and forecasts, and winds analysed and 
predicted directly on such a specific level. A study of this nature should 
reveal the relative advantages and disadvantages of using vertically integrated 
parameters in describing the three-dimensional wind field, rather than a multi
layered model of the atmosphere. 

Last, but not least, computer programs will have to be developed which will 
yield the mean wind speed and direction along any given flight leg and flight 
level from LMW grid-point data. Since this constitutes only a simple application 
of interpolation equations, no major difficulties should be expected in this 
task. 
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Appendix 1: 

COLUMNS 

1 - 5 
6 - 7 
8 - 9 

10 - 11 
12 - 13 

14 - 16 

17 - 64 

65 - 69 

70 

71 

72 

73 - 79 

80 
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Layout of data cards, containing minute-by-minute wind reports 

ITEMS 

Station No. 
Year 
Month 
Day 
Hour 

Beginning Minute 

Wind Direction and 
Wind Speed 

Altitude of Last 
Minute Punched in 
Card 

Minute Identifier 

Wind Speeci 
Identifier 

Height Identi~ier 

Leave blank 

Last card of flight 

REMARKS 

Schedules time 00 or 12 plus or minus 1-1/2 
hours. If more than 1-1/2 ho~rs off scheduled 
time punch actual time. 

Sfc is punched 000 minute (1st card for each 
flight). Cols. 14-16 will be punched in 
other cards indicating the first minute for 
which data is punched in Cols. 17-22. 

Wind Direction 360° 
Wind direction and speed at consecutive 1 
minute or 2 mi.nute intervals for the entire 
flight. Winds reported in mps and tenths. 
Winds reported in knots will be punched to 
whole knots - rounding off tenths position 
if any. For wir.d speeds of 100 or more, 500 
will be added to the wind direction. (Cols. 
17-19, 23-25, etc.). 

Height of last minute punched in card, 
prefixing 'O' w~ere necessary, when entered 
at the same minute wind direction and S?eed 
is reported. If height is not entered on 
the same minute as wind direction and speed 
is reported, punch next lowest height prefixing 
'O' where nacessary. 

Punch 1 when card contains wind direction and 
speeds at 1 minute intervalso 

Punch 2 when card contains wind direction and 
wind speeds at 2 minute intervals. 

Wind speeds in mps - punch Oo 
Wind speeds in knots - punch 1. 

Punch X if height is reported ·for one minute 
earlier than for the last wind direction and 
speed punched in the card. Leave blank if 
the height is reported for the same minute 
as the wind direction and speed for the last 
minute punched in card. 

Punch 1 for the last card of the flight. 
Leave blank on all other cards. 
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FOR MISSING MINUTES: 

When minutes are missing between values punched on the same card, punch XXXXXX for 
missing data. 
When minutes are missing and continue to be missing beyond card on ~hich reported 
wind directions and speeds end, punch XXXXXX in columns for remainder of card through 
column 64. Punch height of wind direction and speed at last minute reported and begin 
the next card with the minute for which wind direction and speeds are reported again. 



Appendix 2: Pro~ram for determining Layer of MD~imum Wind (LMW) Parameters. 

The program~ "LMW~' checks the input data c~rds for order, checks for bad data. uses the 
harmonic analysis to smooth the wind profile and then computes and punches LMW parameters. 

(1) 

(1) 
t-

! 

Apply harmonic analysis: 
Use 9 harmonics, replace 
each wind speed by its 
harmonically smoothed value 

Find Vmax and H(V 
max) 

Punch Station No., 
Date, Time, Vlast' 
0last' Hlast 

= 

(2) 

lLOW DIAGRAM 

data 
and correct. 

Interpolate 
missing minutes 

< 
~·------~) Print Station No •• 

Date and Time 

Compute: 

1 
Set: 

4_h•7000 m 
h• 2000 m 

l 

(3) 

o = 1/3 <0sooo+01oooo+012ooo> 

Punch Station No., Date. 
Time, Vmax' H(V ) 

- max ' D, 
A h, h 

< 

(1) 

~:------------------------~' ~ 



(3) 

(2) 
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Find: 

hl•h(o.SVmax> < hmax 

No 

> 
= 

< 

D • average direction 
between h1 and h2 

v = 0.9 

Replace h2 by 
1.8h -0.8hl max 

Yes 

Punch 
Secondary 
Maxima 

Reduce number 
of harmonics 
by one 

Find D Punch Station Nc., Date, Time, (l) 

(V ) t----..)1. V D( .__ ____ m;;.;;.a;;;.;;x;.;;.._ ___ __, max' V ) ' H (V ) hl, h2 , _ _ max max , 
Ah, h, 6ft, v, o 
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3~~0L DEFINITIONS 

Main Program 
Input: 

1. NS - station numbero 
2. STAEL - station elevations 
3. INOS • first station number for computation 
4. INi~O - first year and month for computation 
5. IMDAHR - first day and hour for computation 
6. NOS - current station number 
7. ~lRMO- current year and month 
8. MDARR - current day and hour 
9. MIN - first minute of data on each card 
10. AN~R - alphanumeric input of data (needed to read fields of eleven 

punches indicating m~ssing data) 
11. ALT - last altitude of data on card 
12. NDELVV - data time interval for card in minutes (1 or 2) 
13. NUNIT - indicates if data in knots or mps 
14. NH- indicates if height is for last minute on card or one minute earlier, 

identifies last card of sounding 

Output: 
1. JVMAX, VMAX- maximum wind speed (punched as wind speed X ten) 
2. IDMAX, DON-direction of ~AX 
3. IHMAX, HMAX - height of ·~ 
4. IDH, DH - thickness of LMW 
5. IHB, H8 - average height of LMW 
6. IDIR, DIR - average wind direction for LMW 
7. NR- number of harmonics used in harmonic analysis 
8. IVV - wind speed at secondary maxima X ten 
9. IHMl, HMl - height of secondary maxima 
10. IHl, Hl - lower height of LMW 
11. IH2, H2 - upper height of LMW 
12. IDHB, DHB - difference between HB and HMAX 
13. IVB, VB - 0.9 VMAX 
14. DD - wind directions (after interpolation for missing minutes) 
15. VV - wind speeds (after interpolation for missing minutes) 

Others: 
1. V- wind speeds (computed from ANBR) 
2. D· wind directions (computed from ANBR) 
3. LC - last card of sounding control 
4. VMAXS - 0.8 VMAX 
5. NN • number of wind speeds and directions after harmonic analysis 
6. C - coefficients for harmonic analysis 
7. A- 15th point below VMAX) used in checking for baratropic wind 
B. B - 15th point above VMAX5 
9. SN - sine functions used in harmonic analysis 
10. G - wind speed minus linear terms for harmonic analysis 
11. DELTd - average height increase in sounding per minute 

SUBROUTINE VALT 
Call list: 

1. V - value of data at desired altitude 
2. ALT - altitude of needed value 
3. DELTH - average height difference between data points 
4. VV - data from which to choose needed point 
5. K - indicates whether ~/ is wind speed or wind direction 
6. N - nucber of data points 



SUBROUTINE ROUND 
Call list: 
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1. IVV - value of VV after sounding and representing as a fixed point 
number 

2. VV - value to be rounded 

COMPUTER TIME 

Error checkin& harmonic analysis and extraction of LMW parameters consumes 
approximately 1 second on the average per station, per map time, of IBM 
7090 computer time. 



,. 
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LMW 
DIMENSlONVV( 64)t00( 64)tNH(l2)tA~T(l2)tM1N(l2)tNDELVV(l2)t0(96) 
ltG(60)tC(9)tNS(74)tSIAt~(74)tNl(2)tM1(2)tSN(~t6U)tAN~K(4ijJ•V(94) 

READ INPUT TAP~ ~t4t(N~(1)tSTAE~'lltl•lt74) 
4 FORMAT(l~tF5e0) 

READ INPUT TAPE 5t12t1NOStlNYR~OtlMUAHR 
12 FORMAT(l~t2l4) 
1050 READ INPUT TAPE 4tlZtNOStNYRMOtMDAHR 

1F(1NO~-NOS>1050tl035el050 
1035 1F(lNYRMO-NYRM0)l050tl040tl05~ 
1040 1f(IMDAHR-MuAHR>10~0tl045tl050 
1045 8ACKSPACE4 

AMINUS=leO 
1 DO 10 l=lt64 

VV(l)r:.zt.JtO 
10 DD(l)~:u.u 

DO ll l -= l t 9 c 
D(l>=v.o 

11 V(l~-o.o 
DCJ 7lo .J=ltt1 
Mlt~ (.J) =0 
AL.Tt.J>=u.o 
NDEL. VV LJ) =o 

710 NH LJ) =v 
ILal 
lU=ts 
,Jcl 
READ iN~Ul lA~~ ~~~tNUStNYKMUt~DAHritM1~l~)t(ANd~(~~,~;!t4~ 

l ( J) t i-.uc:.L. VV L.J > t hUi'-4 J. it i'!H ( .J) 

2 FURMAT<l~t~l4tl~t4bflaC tFS•'~~'') 
lf(NOS-~Y~9Y>~Ot~~~tl&~ 

285 END flL.t. c; 
F-ND FILE t; 

ENC FlL.E 8 
REWlNO ts 
CALL EXIT 

SO I:;IL. 
DO 1600 r...=lt4dto 
AN.t)=ANcR(K) 
lf(~lGNr,AMlNU~tANo))l605tl6lOtlol0 

160~ D(l);u.o 
V<l)c:o.u 
GO TO 1600 

1610 0(l)=ANciR\K>*lUOeO+AN~K(K+ll*l0tO+AN~R(K+2) 
V(l)=(ANoR(K+3~*lOO.O+AN~R(K+4)*10•0+ANbH(K+~))/l0•0 

1600 l=I+l 
1F(NH(J)-l)85t~Ut9~ 

85 LC=O 
GO TO .~.oo 

90 NH(J):::-u 
L.Cal 
GO TO 100 

9;.. NH(J)=O 
L.Cal 

100 IF<J-l)35t3~t40 
40 lf(NOS-NNOS)l000e5~~1000 

ltAL..T 
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SS IF(NYRMO-NNYRMUll005to!)tl005 
65 1F<MDAHR-MMDAHRll010t7~tl0lO 
75 IFCM1N(J)-MlN(~-ll)10~t 35t3~ 
105 KcJ-2 

~K.cO 

130 1F·(K)l35tl3St12~ 

125 K.K.:aKK+l 
1 F l M 1 N l .J ) -M 1 N ( K ) ) 11 S t 1'1 S t 1.1 0 

135 KK.=KK-t-1 
110 K=K..,.l 

K.K•KK*d 
DO 120 :=lLtlU 
A=D ( 1) 
IKK.=I-KK 
0(1)=0(1 KK) 
Dll KK)z:A 
A=V ( l ) 
V(l)=V(l KK) 

120 Vll KKl=A 
A•MlN(J) 
M I l" ( J ) = '~' 1 N l K l 
MlNlt<..)=A 
A•ALT(.J) 
AL.T(J)=AL.T(K.) 
ALT(K)=A 
N=NDEL.VV(J) 
NOEL.VV<J)=NDE~VV<Kl 
NDELVVlK)=~ 
GO TO 75 

115 K=K-l 
GO TU 1:;0 

~~ lf(LC)J0t30t4~ 

30 IL=IL+ti 
lU=IU+ti 
J=J-tl 
READ INPUT TAPE 4t2tNNOStNNYRMOtMtv'IDAHRtf\'11NlJ) t.lANt:h<(l(..) '"=lt48 > t 

lAL.T(J)tNDELVV(J)tNUNlTtNH(J) 
GO TO 50 

~5 1F<ALT(~)-9000e0)15t80t80 
15 WRITE OUTPUT TAPE 6t3tNOStNYRMOtMOAHR 
3 FORMAT(29H L.AST AL.TITUOE LESS THAN 9000317> 

GO TO l 
80 IF(StNSt SWITCH 1)67~tb~O 
675 WRIT~ OUTPUl TAPE bt~t(MlNl.JJ)tJJ=lt~)t(U(!ltVl!)ti=lto4) 
680 I:al 

K•& 
DO 2U JJ=lt.J 
ll=MlN(JJ)+l 
IF<II-64)145tl4Se21 

145 DD(ll)=Dll) 
VV(ll)=V(l) 
IQl+l 
If(l-K>l~Otl50t20 

150 lf(NDE~VV(~~)-l)2~t~~•l40 
140 llc:all+l 
25 ll=ll+l 
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IF(ll- 64)145•145t2ll 
211 llJ:64 

20 

210 

181 
155 
1b5 

170 
175 
180 
190 

1'i1 

192 
1d5 
19S 

1300 

1105 
1100 

llJ.O 

1120 
1115 
200 

205 
160 

220 
225 

GO TO 210 
KaK.+8 
J.JaJ 
NCNT=O 
00 160 la1tll 
lft0Dtl)-360t0)181tl8ltl80 
lf(00{i))l~~·l~~·l70 

lf(VV(l))lo~tl6~t102~ 
NCNT=-NCNT+l 
GO TO lbO 
IF<VVll))l025tl025tl75 
IF(00(1)-360•0)185tl85tl80 
1F(0D(l)-860•0)190al9~tl030 
D~tl)=UD(l)-500e0 

IF(NUNIT>19ltl~1t192 
VV(l)=VV(l)+10U•O 
GO TO lt15 
VV(l)=-VV(l)+lOeO 
1F(NCNT>lc0tl60t195 
lK=l-NCNT-.l 
lfllK)130~tl300tl30~ 
IK;:;l 
NCNT=NC.NT-l 
K=l 
N270=0 
0 ( 1 ) =DO ( 1 K ) 
()(2)==00(1) 
o·o 11 oo J K = 1 • 2 
1F<D<JK>-270•0)l100t1105tll0~ 
N270=N270;-l 
CONTINUE 
lf(N270)200t200tlll0 
DO 1115 JK=lt2 
lf(0(JK)-90t0)1120tl120tlll~ 
O<JK)~D(J~)+~60•0 

CONTINUE 
lK-K=lK+K 
VV<IKK>=VV( lK)+lVV(l)-VV( lK))*fLOATF(KJ/(FLOATftNCNT)+leO) 
DDt1KK.)=D<l)+(v(2)-D(l))*FLOATf(K)/(f~OATF(NCNT)+l•0) 
DDN=DD(lKh) 
DD<IKK)=MO~FlDDNt360•0) 
K•K+l 
lf(lK+K-i)200t205t205 
NCNT•O 
CONTINUE 
Nall-NCNT 
lF(NUN1Tl21St2lS•220 
DO 22:, I::.loN 
VV(lJ:VV(l)*S•l4791 

215 NN=N-4 
I Cal 
lf(SENSt SWITCH 2)l430tl43S 

1430 DO 1440 l=lt9 
1440 C(!i=O.o 



143S 

2.35 
230 

665 
9 
670 

lSlO 

150~ 

1515 
1520 

1525 

671 

1500 

240 

245 

2S5 
2:.0 

265 
260 
144~ 

2.15 

270 
28C. 

1310 
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GO TO 1445 
DO 230 1=2•NN 
Aa(VV(I-ll+VV(l+l))/2e0 
1FtABSF<VVCll-A)-l5•00)£30t2iOt23S 
VVlll=A 
CONTINUE 
IF<SENSE SWITCH lJ66St670 
WRITE OUTPUT TAPE 6t9t(D0(1)tVV(l)tl•ltN) 
FORMAT(8Fl0•l) 
Jl=J 
VMAX=VV(l) 
lM=-1 
00 lS05 1=2tN 
lf(VMAX-VV(l))l~l0tl505tl505 
VMAX=VV(l~ 
IMa::l 
CONTINUE 
A=VMAX-VV(lM-15) 
IF(A-l5av)l5l5t67lt671 
lF(lM+l5-NNI1520tl520t671 
6=VMAX-VV<IM+l5) 
lr(d-1Sa0)1525t67lt67l 
IC=2 
GO TO 1430 
DO l!::>OO l=lt9 
00 1500 J=ltNI\ 
SN(ltJ)=SlNF<3e1415927*FLOATF(l)*fLOATr(~-l)/t~UATrlNN-l)) 
AcVV(l) 
B•Oav 
00 240 lc::1t9 
NII=N-1+1 
B;r:;B+VV(Nll) 
VV(NN)=6/9a0 
B=(~/9aO-VV(l))/(FLOAtf(N)-5e0) 
DO 245 l;::ltNN 
G(l)=VVtl)-A-8*lFLOATrll)-le0) 
Ea2.0/fLOATf(NN-l) 
co 2~0 1;::1•9 
C(1)=0•0 
DO 2:,!l J=ltNN 
C<ll=C(l)+6(J)*SN(ltJ) 
C(l)=c*Cll) 
00 2o0 J=l•NN 
Eao.o 
DO 2b~ l=lt9 
E.=k:.-t-C.ll)*SNllt-..1) 
VV(J)=A+d*fLOATf(J-l)+t 
i)Q 270 l=lt74 
lFlN05-NS(l))270•27St270 
IH=I 
GO TO 2C>O 
CONTiNuE 
NlN=N-l 
IF(II- 64)1315tl~l0tl3l0 
NlN;MlNlJl)-NDELVV(Jl) 
J..JAJl-l 



1315 
672 

666 
676 
690 
575 

300 

295 
296 

1400 
1401 
1405 
140o 
sao 
30S 

310 

120:; 
1210 

1410 
1411 
1415 
320 

325 

~30 

335 

i40 
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IFCNUN1Tl666t666t672 
O~LTHaALT(JJ)/f~OATF(NlNl 

GO TO 676 
OELTHa(A~T(~~)-STAE~(lHI)/f~OATF(NlN) 
GO TO (690t296)tlC 
lA=-l 
Vt-iAX=VV ( l) 
IM•l 
DO 295 1=2tNN 
1F(VMAX-VV(l))300t29~t29~ 
VMAX=VV<l) 
1M= I 
CONTINUE 
HMAX=~tLTH*FLOAT~liM-l)+STAELClH) 
lF·(St.N~~ SWlTC:H l)l400tl405 
WRIT~ OUTPUT TAPE btl40ltVMAXtHMAXt!M 
FORMAT(2fl5.2tl5) 
GO TO ll406t~l5)tlC 
GO TO (~b0t395)t1A 
lF(lM-NNl3l0•305t30~ 
VMAX=VI'4AX* 10 eO 
DuN=DDlNN> 
CALL ROUNDtlVMAXtVMAX) 
CALL ROUNDCIDMAXtObN 
CALL ROUNOCihMAXtHMAX) 
WRITE OUTPUT TAPE 7t5tNOStNYKMOtMUAHHtiVMAXt1~MAXt1HMAX 
FORMAT<l~t3l~tl4tl6) 
GO TO l 
A-VMAX-VVliM-15) 
tF<A-15•0)1205t395t39S 
lf(lM+15-NNll2l0tlll0t395 
8&~VMAX-VVCIM+l5) 

1F(B-l5ev)3l5t395tJ9~ 
OH=7000o0 
HB=20000o0 
CA~~ VA~T(D8t8000oOtDELTHt00tltNN) 
CA~L VALT<DlOtlOOOOoOtDEhTHtDOtltNN) 
CALL VALTlDl2tl2000oOtDELTHtDDtl•NN) 
lF(SENSc SWITCH l)l410tl415 
WRIT~ OUTPUT TAP~ btl4l1tO~tD10tDlZ 
FORMAT(3fl0o2l 
IF(Dl2-D10l345t320t~~O 
PHil=Dl2 
lF<Olv-O~l330t325t325 
PH12=Dl0 
PHl3=D8 
GO TO 370 
PHl3=010 
lFC012-08)340t335t~3~ 
PH12=08 
GO TO 2· ;·u · 
PH1l=Do 
PH12a::Dl2 
GO TO 370 
PHll:'lDlO 
!fC~l2-05)3~~~3SOt350 



350 

3!>5 

360 

365 

370 
375 
38:,) 

3YO 
380 

6 

395 

405 

400 
410 
ltl5 

430 

425 

435 
44~ 

450 

1420 
1421 
1425 
585 
4~5 

- 60-

PHI2z:Ol2 
PH13=08 
GO TO 370 
PHI3a:Dl2 
If(Ol0-D~)36St360t360 

PHI2=D~ 

GO TO 370 
PHll=Do 
PH12aDlO 
lF(PHll-Phi2-l~0•0)37~t375t39Q 

1F(PHll-PHI3-l~Oe0)360t380t365 
PHI3=PH13+360•0 
GO TO 380 
PHll=PHil-360•0 
OIR=<PHll+PH12+PHl3)/3•C 
01RcMODr(DlRt360e0) 
VMAX= 10 • O*VlvtAX 
CA~~ ROUNO(lVMAXtVMAXl 
CALL ROUNDClOHt~H) 
CALL ROUNUClHtltH~) 

CALL ROUND(lHMAXtHMAX) 
CAL~ ROUNDClDIRtOIR) 
DON=DD(lM) 
CALL ROUNDCIDMAXtDON) 
NR=l 
WRITE OUTPUT TAPE 7t6tNOStNYRMOtMDAHRtlVMAXtlOMAXtiHMAXtlUHtlH~t 

liRtNR 
FORMAT(I6t3!,tl4tl6t12Xt216tllXtl4t12l 
GO TO l 
VMAX8=•8*VMAX 
DO 400 l=ltlM 
1F(VMAX8-VV(l))405t40~t400 
lM8=1 
GO TO 410 
CONTINUE 
DTl=(VMAX8-VV<IM8-l))/(VVllM8)-VV(lM8-1)) 
Hl~DE~TH*(FLOATF(lM8-2)+0Tl-)+STAELllH) 
DO 425 i=IMtNN 
1FCVV(l)-VMAX8)430t430t425 
1M82=1 
GO TO 43~ 
CONTINUE 
H2vle8*HMAX-e8*Hl 
OT2ao.o 
IM82=NN 
GO TO 450 
OT2a(VMAX8-VVCIM82-l))/(VV<1M82)-VV(IMS2-l)) 
H2aDELTH*(FLOATFllM82-2)+0T2)+STAEL<;H) 
OHuH2-Hl 
IFCSENSE SWITCH l)l420tl425 
WRITE OUTPUT TAPE 6tl42ltVMAX8tOTltHltDT2tH2t0HtlM8tiM~2 
FORMAT(6Fllo3t215) 
G0 TO (585t550)tlA 
l~(OH-7000•0)4~~t4S5t315 
NH=9 
Nlu;.:N-l 



N2•5000e0/DEL.TH 
570 Nt-1AX•O 

IB•l 
KaO 
NMI ~~~~1 
MICNM1N)•N2 
MraO 
DO Sl~ I•N2tNl 
IFCK)490e490t480 

• 61• 

490 IF(VVtl+l)-VV(1))46St~lStSlS 
465 NMAX=NMAX+l 

NICNMAXl•l 
K•l 
GO TO 460 

470 Ml•NlCl) 
M2uNI(2) 
HMl•DElTH*FLOATF(Ml-l)+STAELCIHl 
HM2aOELTH*FlOATF(M2-l)+STAE~(lH) 
lFCHM2-HMl-4500.0)535t415t475 

475 DDN=VV(Ml)*lO•O 
CALL ROUNDCIVVtOON ) 
CALL ROUNDCIHMltHMl) 
WRITE OUTPUT TAPE 8t7tNOStNYRMOtMDAHR•IVVtlHMl 

7 FORMATCI6t3I5ti6) 
NMAX=l 
NICll=M2 
GO TO 515 

480 IFCVVCI)-VV(l+l))485t460t460 
485 K=O 

NMIN=NMIN+l 
Ml(NMIN>=I 
IF(NMIN-2)460t495t495 

495 Ml=NI(NMAXl 
M2=MI(l) 
IFCMl-N2)52St520t525 

520 Ml=Ml-l 
IF<Ml)540t540t530 

530 IF(VV(Ml)-VV(Ml+l))S40t520t520 
540 M2=Ml(2) 

IFtVVCMl+l>-VV(M2)-5e0)510t54St54S 
545 NICNMAX)=Ml+l 

GO TO 505 
525 lFCVVLMlJ-VV(M2)-5•0)510t500t500 
500 M2=MI(2) 

1F(VV<Mll-VV(M2)-5e0)510t505t505 
505 M=M+l 

NMIN=l 
Ml(l)=Mll2) 
IF<M-2)515t470•470 

510 NMAX=NMAX'-l 
NMIN=l 
Mitl)=MI(2) 
GO TOC460t5l5ltlB 

460 IFCI-Nl)515t486t486 
486 IB=2 

GO TO 485 



SlS CONTINUE 
IF(NMAX)l550t1550tl5SS 
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1555 MlaNI(t~MAX) 
HMl~DELTH*FLOATf(Ml-l)+STAELClH) 
DDN=VV(Mll*lOeO 
CALL ROUNDCIVVtDDN) 
CALL ROUND(IHMltHMl) 
WRITE OUTPUT TAPE 8t7tNOStNYRMOeMDAHRtlVVtlHMl 

1550 IF(NR-9>555t550t550 
535 lf(NR-6)555t55St536 
536 NR~:NR-1 

1F(NR-6)555e560e560 
560 I•NR+l 

00 565 JaltNN 
~65 VV(~)=VV(J)-C(l)*SNCitJ) 

GO TO 570 
555 IA=2 

GO TO 575 
550 H8•(Hl+H2)/2•0 

OHBs::HB-HMAX 
IF<OT1-.5)590t595t595 

590 IM8=IM8-l 
595 IF<DT2-.5)600t605t605 
600 IM82=IM82-l 
605 N90=0 

N270=0 
DO 610 J=lM8tlM82 
lf(00(J)-90.0)615t6l5t620 

615 N90=N90+1 
GO TO 610 

620 IF 1 ~0(J)-270e0)610t62Sf625 

625 N~rO=N270+l 
610 CONTINUE 

SDD=O•O 
If(N90)640t640t635 

635 IF<N270)640t640t630 
630 DO 645 J=lM8tiM82 

1F(00(J)-90o0)650t650t64S 
650 DD(J)=DD(J>+36o.o 
645 SDO=SDD+OD(J) 

GO TO 660 
640 DO 655 J=IM8t1M82 
655 SDD=SDD+DD(J) 
660 NJ~lM82-lMS+l 

DIR=SDD/FLOATF(NJ> 
OIR=MODF<DIRt360.0) 
VB=•9*VMAX 
VMAX=VMAX*lOeO 
CA~~ ROUND(lVMAXtVMAX) 
DDN=OD (1M) 
CA~L ROUND(lDMAXtDON) 
CALL ROUND(lHMAXtHMAX) 
CA~~ ROUND(lHloHl) 
CALL ROUNDClH2tH2) 
CAL~ ROUND<IDHoOH) 
CALL ROUNDCIHBtH6) 



CALL ROUND(lOHStDHH) 
VB•VB*10e0 
CALL ROUND(lV8tV~) 
CALL ROUN0(10IRoOIR) 
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WRITE OUTPUT TAPE 7 tS tNUStNYKMOtMDAHK t I VMAXtlDMAX•lHMAXtlHltlH2.t1D 
lHt1Hdtl0HdtlVBt101RtNR 

8 FORMAT(I6t3ISti4t616tl5tl4tl2) 
GO TO 1 

1000 WRITE OUTPUT TAPE 6tlOOltNOStNNOS 
1001 FORMAT(l9H ERRORt STATION NO 218) 

GO TO 1015 
1005 WRITE OUTPUT TAPE 6t!UUOtNU~tNYRMOtNNYRMO 
1006 FORMAT(21H ERRORt YEAR OR DATE 18t217) 

GO TO lvl5 
1010 WRiTE OUTPUT TAPE 6t10lltNOStNYRMOtMDAHRtMMDAHR 
lOll FORMAT(20H ERRORt DAY OR HOUR 18tll7) 
101~ IFlLC-l)l020tlt1 
1020 READ INPUT TAPE 4tl02ltNH~ 
1021 FORMAT(3bXt~~Xtl1) 

lF(NHJ)lU20tl020t1 
1025 WRITE OUTPUT TAPE 6tl026tNOStNYRMOtMUAHRt00(l)tVV(l)t1 
1026 FORMAT(l4H ERROR• DDt VVI8t217tf~•O•~~•ltl4) 

GO TO l 
l03v WRITE OUTPUT TAPE 6tl03ltNOStNYRMOtMOAHRtDD(l)tl 
1031 FORMAT(27rl EKROkt UD GREATER THAN 86018t2l7t~5ev•l~ 

GO TO l 
END 
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SU8ROUT1Nt VAL&(VtA~It~EbTHtVVt~tN) 
DIMENSION VVClOO~ 
fDALT/OELTH+laO 
l=f 
Oa:f -r L.UA t r: ( I ) 
IFll-N)5lt55t55 

55 V=V\ICNl 
GO TO 20 

51 1F(K)L0tl0tl~ 
10 V=VV(l)+U*CVV(l+l)-VV(l)) 

GO Tu 20 
15 1F(VV(l)-~0e0)25•25t~: 
25 lf(VV(!Tl)-270e0)l0t30t30 
~0 Vv(ll=VV(l)+~bOeO 

50 V=VVCl)+D*iVV(l+l)-VV(l)) 
V=MODFCVt360e0) 
GO TO 2v 

35 lf(VVCl)-270e0)10t40t40 
40 lf(VVClTl)-~0e0)45t45tl0 
45 VV(I+l).=VV(l+l)+360e0 

GO TO ~0 
~0 R~TUi<N 

ENO 

~Uo~vvi!N~ KVUNU,!VVtVV) 
IVV=vv 
fVV=ivV 
IF(Vv-rvv-u.5)lv •l5tl5 

1~ IVV=.i.VV+l 
10 RETUkN 

END 
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A-;>pendix 3: Final print-out of the layer of maximum wind parameters 

The columns may be ident ~ ·· ied as follows: 

1. Station identification number 

2. Year and month 

3. Day and hour 

4. Vmax a maximum speed of smoothed wind profile 

5. Dmax • wind direction reported at level of maximum speed 

6. ~ax 111 height of wind maximum 

7. h1 cs lower boundary ( 

8. h2 • upper boundary ~ 
of LMW 

9. h2 - h1 • h • thickness of LMW 

10, h1 + h2 • h c height of LMW 

- 2 
11. h - hmax • height difference between height of LMW and ~ax; serves as 

indicator of asymmetry of vertical wind shear 

12. 0.9 V a mean speed of LMW max 

13, D a mean direct ion of LMW 

14, N = number of harmonics used in computing the smoothed profile: 
N m 6: number of harmonics used for vertical smoothing in baroclinic case 

cs 1: barotropic case 
= O: if vmax a vlast 

The following table contains a typical set of output data: 

a fl yr & mo day & hr Vmax 0max P-m.ax Hl H2 DH HB DHB VB DIR 

062 6101 1000 25.4 263 11335 7325 14142 6317 10984 -350 229 240 
062 6101 1012 30.8 215 100.27 8469 11937 3468 10203 175 277 227 
062 6101 1100 42.1 32 10705 8612 12276 3664 10444 -261 379 30 
008 6101 1400 19.9 297 11228 7000 20000 258 
008 6101 1412 26.5 277 6811 7000 20000 288 
131 6!07 2712 337 254 13032 10723 14583 3860 12653 -379 303 251 
131 6107 2800 407 255 11729 10073 13490 31t-17 11782 53 366 256 
131 6107 2812 343 243 11873 9551 14571 50'20 12061 187 309 243 
131 6107 2900 497 237 9150 8193 9915 1723 9054 - 95 447 238 
131 6107 2912 439 268 11072 
131 6107 3000 429 246 10917 9455 12086 2631 10771 -146 386 240 
143 6107 2812 558 261 12338 10766 13954 3188 12360 22 502 257 
143 6107 2900 377 237 7549 5933 13060 7126 9497 194.8 339 241 
143 6107 2912 781 247 11668 10100 13258 3158 11679 12 703 245 
l57 6107 700 318 196 12188 7000 20000 195 
L57 6107 712 428 194 11195 9477 12775 3298 11126 - 68 385 197 

NR 

9 
9 
9 
1 
1 
9 
9 
9 
9 

9 
9 
7 
9 
1 
9 
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Appendix 4: Programs for horizontal analysis of Layer of Maximum Wind parameters. 

The programs "GRID" and "GRIDHT" compute horizontal analyses of LMW parameters by 
fitting the data to specified grid points. A quadratic function is used to compute 
~ch grid point if enough data exists, otherwise a plane function is used. 

2) 

Program "GRID" is used for the horizontal analysis of wind speed and wind direction. 

md time 

FLOW DIAGRAM 

Read wind speeds 
and directions 

Fit grid point 
for U & V usin 
quadrc:tic 
funct~on 



(3) 

(1) 

Find all available 
units 

Yes 

Replace any points unevaluated 
~y quadratic function with 
value evaluated by plane 
function 

Recombine U & V 
components at 
grid points into 
DD & W 
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Yes 

point for U & 
lane functio:1 

Consider all evaluated grid points 
and station data as station data 
and repeat process where grid point 
data must be within 6 units for 
quadratic fit and within 3 units for 
plane fit and station data has same 
limits as first time throu h 

(2) 
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SYMBOL DEFINITIONS 

All variables which are stored in common are defined in the main program or in the 
first subroutine in which they appear. 

Main Program 
Input: 

1. FDATE - first date for computation 
2. FTIME - first time for computation 
3. ~~ - map number for print-out 
4. SDATE - current date 
5. STIME - current time 
6. S - station number 

Others: 
1. IPT - input tape number 
2. MPT - output tape number 
3. SH - control character for last data card for date and time (99999) 
4. MFP - control character for output 

SUBROUTINE WHIT 
Output: 

1. GLAT - grid point latitudes 
2. GLON - grid point longitudes 
3. RU5Q- u component, quadratic 
4. RU5P - u component, plane fit 
5. RV5Q - v component, quadratic 
6. RV5P - v component, plane fit 

SUBROUTINE Pl 
Input: 

1. Dl - date 
2. D2 - time 
3. I50VV, A50VV - wind speeds 
4. I50DD, A50DD - wind directions 
S. I50H~ A50H - height 

Output: 
1. V50 - V components 
2. 050 - U components 
3. JS - stores station subscripts 

fit 

fit 

4. lOA - counts number of stations with data for ·current date and time 

Others: 
1. IO, LO - counts number of input stations 
2. NSN - possible station numbers 
3. JSN - subscript of station 

SUBROUTINE P3 
Output: 

1. KGP - grid point number 
2. U - U components available for computing grid point 
3. V - V components available for computing grid point 
4. X - longitude distances from grid point to data point 
5. Y - latitude distances from grid point to data point 
6. L, LS, IN - number of data points available for computing grid point 
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Others: 
1. UGPQ- U component, quadratic fit 
2. VGPQ - V component, quadratic fit 
3. QlT, Q2T, Q3T, Q4T - used in checking distribution of data 
4. Ql, Q2, Q3, Q4 - used in checking distribution of data 
5. P - U & V components at grid points combined with date for output (grid points 

used as data second time through) 
6. QLATB - maximum latitude distance between grid point and data point for 

quadratic fit 
7. QLON~- maximum longitude distance between grid point ~nd data point for 

quadratic fit 
8. SLA - station latitudes for all stations 
9. SLN - station longitudes for all stations 
10. SQ - number of quadrants data is in around grid point 
11. NSQB - minimum number of data points necessary to compute grid point using 

quadratic function 
12. B, D - matrices used in fitting quadratic function by method of least squares 
13. XY, XX, YY, XXY, XXX, XYY, YYY, XXYY, XXXY, XYYY, XXXX, YYYY, VX, VY, VXY, 

VXX, VYY - used in computing matrix D 
14. UX, UY, UXY, UXX, UYY - used in computing matrix B 
15. DD - saves part of matrix D that contains products of X and Y 
16. UORV - grid point value 
17. UGPP- U component, plane fit 
18. VGP? - V component, plane fit 
19. PLATB - maximum latitude distance between grid point and data point for plane fit 
20. PLONB - maximum longitude distance between grid point and data point for plane fit 
21. NSPB - minimum number of data points necessary to compute grid point using plane 

function 
22. AP, BP - used in fitting plane function by method of least squares 
23. SVX, SX, SY, SYY, SXY, SXX, SV, SU, SVY, SUX, SUY - used in computing AP and BP 

SUBROUTINE P4 
Output: 

1. NANG - wind direction for grid point 
2. NVEL - wind speed for grid point 

Others: 
1. RD5Q - current date 
2. RT5Q - current time 
3. CK - value given to missing points 

SUBROUTINE PS 
Input: 

1. X - station latitude 
2. Y • station longitude 

Output: 
1. SN - possible station numbers 

Others: 
1. RAD - constant to convert degrees to radians 
2. RTD - constant to convert radians to degrees 
3. AOO - not used 

COMPUTER TIME 

Objective wi~d analysis consumes S??roximately 45 seconds of IBM 7090 
computer time, per map. 
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C GRID 
COMMONO 
EQU1VA~ENCE(0(242l)tlPT(l))t(0(2878)tMPT(llt~fP(~)Jt(0(2879)tKA(l) 

l)t(0(24191tSH(l)) 
DIMENSION 0(30001 
lPTa5 
MPTa6 
CAl.L PS 
READ INPUT TAPE ~tltfOATEtFTlMEtKA 

1 FORMAT(l0XtA6tl2tl3) 
25 READ INPUT TAPE lPTtltSDATEtSTlM£ 

IF(FOATE-SDATE>l5tl0tl5 
10 lf(FTIME-STIMEll5t20tl5 
15 READ INPUT TAPE 1PTt2tS 
2 FORMAT(lA5") 

IF<S-SH)l5t25tl:, 
20 SACK~PAC~ lPT 
30 MfPa:;O 

CAl.l. Wh!T 
K.A•t<.A+l 
GO TO 30 
END 

SUdROUTlN£ WHIT 
COMMON 0 
DlMEN~lON 0(~000) 

EQUlVAl~NCt <SDAT~tRD5Ylt(ST1Mftk.~~) 
EQUIVALtNCtl0(2d78)tMPT(l)) 
EQUIVALENCEl0(60d)tPl808)tNVt~(402)tNAN~(20l))t 

A (0(242l)ti~Nl2)tlPflllt~H,~ltif(4)tRAU(~)t'K'b}) 
St(0(2876)t G~ONt20l)tuLAT(4U~)) 

EQUlVAL~NCEtOtlol7)t Rv5Q(uv~)t KV~w(606) 
A t RU~P(407)t RV~P(~Ob) 
c·· t RTD< 5)t RU5Q( 4lt t<.T5w( :;)i 

DlMENSlON RU5Q(20l)t RV~~(20l)t 
A RU5P(20l)t RVSPt20l)t 
C P(0406)t NVc~(20l)t NANG(20l) 

DIMENSION 
A GLAT(20l)tGLON(201) 

READ INPUT TAPE IPTt 200lt SDATEt ST!ME 
2001 FORMAT(l0XtA6tl2l 

CALL. Pl 
lF(SENSE SWITCH 2)4000t400~ 

4000 WRITE OUTPUT TAPE 6t4UlUt(G~AT(K)t~~ON(~JtK•lt2~l) 
4010 FORMAT(l0Fl0•2l 
4005 CALL P3 

IF<SENSE SWITCH 2)3000t300~ 
3000 WRITE OUTPUT TAPE 6t300lt(RU5Q(l)t~U~Pl1JtRV~Q(l)tHV~P(l)tl=lt20l) 
3001 FORMATt4F15•Z> 
3005 CAL.~ P4 

CAl.l. ?3 
lf(SE~SE SWITCH 2)5070t5075 

5010 WRlTE OUTPUT TAPE 6t300lt,RU5Q(l)tRU5P(lJ•RVSQ(L)tRV5P(l>•l•lt20l) 
f>Ol.~ CAL-L.. P4 

\RETURN 
aJo 
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SUBROUTINE Pl 
COMMON 0 
EQUlVALENCEtNStlS> 
EQUIVA~ENC~\0(28SO)t~rll)) 
EQUIVA~ENC~(0(287S)tMPTCl)) 
EQUIVA~ENC~(0(2415)t SN( SOO)t SLAt 700)• SLN' 600) 

A t V50( 500)t U50( 400)t A50H( 300) 
8 t lOA( 200)t JS( l00)t NSN( SOU)) 
C t tlStS)tllSHtSH)t(0(242l)t!SN(2ltlPT(l.)tSH(~)t1Tl4) 
0 t RA0(5)l 

DIMENSION SN(OlOO)t ~~AlOlOO)t ~LNlO!OOl 
A t V~O(OlVO)t U~U(Ol00)t A'OnlulOY) 
B t lUAlOlUOlt JSlOlUOjt N~N(OlUU) 

10=0 
LfcO 

lv CONTINUE 
READ INPUT TAPi::. lPlt 7tStL)ltU2•15vVVtl!>OvL1tl:>vn 

7 FORMAT(lXtlA~t2(lAtlA4)fll~tll4tll6) 
1 F ( l s~ 1 SH) 9 t 8 t 9 

9 CONT l NUE:. 
DOll I=ltl~N 
1 f ( NS-NSN ( 1 ) l ll t llt ll 

ll CON T l Nut. 
GO Tu lV 

12 CONTI NUC. 
JSN=l 
lODlQ+l 
LF=Lf+l 
A5vVV: f~OATFl150VV)IlOo0 
A50DD: fLOATftl50UO)~KAD 
V50(LF) = -A50VV*COSf(A,000) 
U50(LF) = -ASOVV*SINF(A5000) 
A50H(Lr) = fLUATr(l~QH) 
JS(L..FJ=J~N 
lOA(l.f) • 10 
GOTOlO 

8 CONT lNvt:. 
lf(SEN~~ ~wiTCH ~)lOOtlv~ 

100 WRITE OUTPUT lAP£ 6tl06t(VS0(1lt~50llJtA~0M(l)tJS(l)tluAll)t1:ltLr 
1) 

lOb FORMAT(2fl2•2tfl5o2t215) 
105 RETUkN 

END 
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SUBROUTINE:. P3 
COMMON 0 
EQulVA~~NCElO(l880)tLr(1)) 

EQUlVA~ENCtl0(287&)tMPfll)) 
EQUlVALENCtlU(lbl7)t KU~w~ov~lt RV~Q(608) 

A t KU5P(407)t RV~P,~uo)t 
C Pll617)tNVELll2ll)tNANGl1010) 
u t KTO< 5)t HOSQ( 4)t ~TSQ( l) 
t )t(Ul~4lo)tCK(6)) 

Ft(u(,~~~)tD(44)tL(l)tUORV(2)) 

Gtl0(~47~)t~LAT~(l)~QLONB(2)tPLATt(3)tPLON~(4)•NSQS(5)tNSP8(6)) 
OIME~~I~N RU~Q(20l)t RV5QC20l) 

A t KU~P(20l)t RVSPl20l)t 
C Pt0406)t NVt~(20l)t NANGl20l) 
Dt UC100)t8(6)t0(6t7)t0Dl6t6)•UG~P(20lltVG~Pl201) 
EtU~PYl~vl)tVGP~(lOl) 

EQU1VALENCclv(2415)t SN( &OO)t SLA( 700)t SLN( bOO) 
A t V'O( 500)t U50( 400)t A~Orl( 300) 
b t lOA( 200)t ~&( lOOlt NSN(800)) 
Ctll~t~)t(i~htSH)t(0(242l)t 1PTll)tSrl(3,tLT(4) 
DtkAl:H 5)) 
Etl0(2876)t GLONC20l)tGLATC402))t(0(2871)tMfP(l)) 
F tC0(406l tPl40o)) 

DIMENSION SNC0100)t S~AlOlOO)t SLN(Ol00) 
A t V50(0100it U50(0100)t A~0N(0100) 
BtiOA(vlvvlt~~(ulvO)tNSN(OlOO)t V(l00)t 
C Xll00)tYllv0)tl~S(l00) 

DtGLATl2vlitu~ON(201) 
DO ~3 1rT=ltl 
Ou 213 l~: lt~Ol 
UGP<.t(I)a:: 'i99•'i'i 
VGPU(l):: 'i'i'7•'1"' 

213 C.CJNTiNvt:. 
00 '72 K.GP=lt~Ol 
QlT=ve 
wl=u. 
Q2T=v• 
Q2=CJ• 
Q;:$T=O• 
Q~=o. 

w4T=v• 
Q4=0· 
L•U 
IF l fi1ftl) 100:::. t 7000' 700~ 

·1oo~ .;:::, 
DO. 7010 l::lt20l 
lf(p(j)-999.99)70l~t70l0t70l5 

7015 IF(6e0-A~~r(~LATlKuP)-u~ATll)))70lOt7020t7020 
7020 CONTlNU~ 

lFl6e0-AdSF(u~ON(KuP)-u~ON(1)))7ClOt7025t7025 
7u25 CONTlNU~ 

U(l.'t'l)=P(J) 
V(LTl)"'t'(J+ll 
L=L-rl 
lSStLl=l 
X(L)=\uLv~(l)-uLON(KbPl) 



VlL)aG~ATtl)-GLATlKGPI 
7010 JaJ-\•.2 
7000 DO 5000 I= l~LF 

ISNA .JS(l) 

... ?s., 

IF< QLATB- ABSrtG~ATCKGP) - S~A(JSN))) 5000t500lt5001 
SOUl CONT l~•UE 

lf( QLONS - ABSF(GLONlKGP) - SLNtiSN))J 'OOO•SOOZ•~002 
5002 CONTINUE 

lFtlOOo-ABSFlUSOlllll SOOOtSOOOt13 
73 lf(lOO.-ASSFlVSOll))) SOOOtSOOOt65~ 
6S2 CONTINUE 

U(L+l) 11 U50(1) 
V(L.+l)mVSO(J) 
GO TO 65 

bS CONTINUE 
L•L+l 
ISS(L.)= JS(I) 
X(L)=(SLN(ISN)-G~ON(KGP)) 
Y<L>= SlAllSN)-GL.ATCKGP) 

SOOO CONTINUE 
DO 5005 I= ltl 
lFtX<l>) S006tS007tS007 

5006 CONTINUE 
lflYti)) 5008tS009t5009 

5008 CONTINUE 
Q3T•l• 
Q3 =le+Q3 
GO TO 5005 

5UU9 CONTINUE. 
Q2T=l• 
Q2 =le-t-Q2 
GO TO :)005 

5007 CONT1Nvf:. 
lFlY,l)) 50lltSOl2t~U!~ 

5011 CONTINUE 
~4T=l• 
~4 =le+'U't 
GOTO 5005 

5012 CONTINUE 
QlT=l• 
Ql~~:le+Ql 

SOOS CONTINUE 
LS 11 L 
SQa QlT+Q2T+Q3T+Q4T 
lFlNSQ~-L.) S003t5003t5004 

~003 CONTINUE 
lF(SQ-4•>SOlOtSOlltS013 

5013 CONTINUE 
IFtSENSE SWITCH 2)6000t6005 

6000 WRITE OUTPUT TAPE 6t600ltKGPtCU(l~tV(Il•X(l)tY(l)tJ:l•~) 
6001 FCRMAT(l5/(4Fl5e2)) 
6005 DO 5 1 ~lt6 

8 (I p;Q 

DO 5 J alt7 
D(!~J):;;Q, 

5 COt-~ -i ~; ;u~ 
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uo 90 L=ltLS 
XY = AU .. ) * YCL) 
XX a j\(Ll * X(L) 
yy a l u .. ) * Y(L) 
XXY IZ A(L) * X(L.) * Y(L) 
XXX = A(L.) * X(L.) * X(L.) 
X'IY = XU .. ) * Y(L) * Y(L) 
yyy = 'f ' L. ) * Y(L) ... Y(L) 
XXYY = XU .. > * X(L.) * Y(L) * Y(LJ 
XXA.'r = A(L.) * X(L.) * X(L) * Y(L) 
XYY'Y = AU ... ) * y (L.) * YCL> * YCL) 
AAAA = 1\(L.) * X(L) * X(L) * XU.) 
Y l. r Y = I ( '".) ... l'(L.) * Y(Ll * y "· J 
UA = v(L.) .... XU.) 
Ut = U\L.) W' ''( 'L.) 
UAt = v\L..J .... A(L) * Y(LI 
UAA. = u\L.) ... i\(L.) * ~(L) vv·, = uu.) ..,. Y(L.) * Y(L) 
VA. = v \ L. ' * X(L.) 
\[y = v ( L I .... 't ( L) 
\/At = V\L.) ... #\(L) * Y<L.) 
VAA = v\L.) 1r .t\. ( L) * XlL) 
"V l I = V\L.I W' ·r U .. ) * Y(L) 
LHJ.t.&.l = Vl.LtJ.) ... 1\(LI 
&)(~tJ.) ::: lJ\.!t1) .... AX. 
uL~tJ.I ::: LJ\.,:)t,L) ... 1\Y 
U(£tt.&.i = Vl'ttJ.I .,. 1\AY 
Ld:Jt.t.l :. V'?t.Li .... AXX 
u(bt.&.l ::: v(Otll .,. J('('( 
U(.Lt.t.l ;;;. V\..Ltc:!i ..,. t ( L) 
u\c!t"i - ...,,,,~) .,. AY 
Ul~t~) = ...,,.,,~) .,. ,. t 
U(£tt.::i - V\'+t~) + AY''f 
LJ(:Itc:!l = u(!;)t~) .,. Al..'f 
LJlCt-'J ;;;. LJ\Otc:!) ... .1 l y 
a.ll .t. t.,:) I ,;: VLLt.:t) .,. AY 
U(.t!t.il = LJ(c:!t.:J) + A/t.Y 
lJ(:>t-21 = LJ(.,:)t.;) .... AYY 
U\"tt.)) :a U('tt~) .... AX Y ''( 
0(~'-'' ::: LJ(:Jt.,i) .... A.AA.r 
U(ot.:H = LJ\Ot,j) ... A·yy·f 
OLi.t'+l = IJllt'toi + XX 
U(t!tt+l = LJlLt4+l + XXX 
·~C,:)t'l) = "''-'t"+i + XXV 
LJ('f.t'+-1 = ...,,4t£t) + XXXY 
U\~t.&+l = LJ\!:.lt't) + AXX~ 
U(Ot'+l = U'Ot'+) ... t..XYY 
LJ(J.t::») = 1 .. 1\ .i. '!;)) .... 'fY 
U\lt.J) ;: V(.t!t!;)) + XYY 
u'"•~J = LJL,t:J) .... 'tYY 
0(£tt:J) = L)(£tt!)) .... AYYY 
()(:,,,) = uU)tj) + Xi..YY 
l)(b,,) = LJ(bt::») .... yyyy 
O(ltb) = 0(lt6) + 1 
0Li!t6) = U(lt6) + XCL) 
0(3t6) = OC3t6l + Y(L) 



90 

377 

91 

376 

5004 
5010 

92 

zoo 

551 
93 
26 

6010 
6011 
601S 

216 

0(4~6) • D(4t6) + X~ 
P(S•6) • 0(5o6) + XX 
~'6•6) • 0(6t6) + yy 
Oll•7) • D(lt7l + V(L) 
0(2t7) • Dl2•7l + VX 
OC3t7) • OC3t7) + VY 
0(4t7l • D<4t7) + VXY 
0(5t7) • 0(5t7) + vxx 
0(6t7l • 0(6t7! + VYY 
B(l)aBCll+U(L) 
8(2)a6(2)+UX 
B(3)•6(3l+UY 
B(4-)•6(4)+UXY 
BlSlaB(S)+UXX 
8(6)a6(6)+UYY 
CONTINUE 
DO 377 1• lt6 
00 377 .J• lt6 
OD(ltJ)• OlltJl 

La6 
CALL SES 
VGPQ(KGP)• UORV 
0091 1• lt6 
DClt7)• 6(1) 
CONTINUE 
DO 378 la .1t6 
DO 378 .J• lt6 

D (I t.J l = DO ( lt.J) 
CALL SES 
UGPQCKGP)• UORV 
CONTINUE 
CONTINUE 
L•LS 
CONTINUE 
DO 200 1 • lt201 
RUSQ(l) a UGPQCll 
RVSQ(IJ • VGPQ(IJ 
CONTINUE 
GO TO S51 
CONTINUE 
CONTINUE 
CONTlNUE 
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lf(SENSE SWITCH 2)6010•6015 
~RITE OUTPUT TAPE 6t6011t<RU5Q(l)•RVSQCl)tJ•lt20lJ 
FORMATC10Fll•2l 

DO 193 IFTa lol 
DO 216 1• lt-201 
UG?P(l)• 999.9'1 
VGPP C.ll a 999•9'1 
CONTlNUE 

00192 KGP•· lt201 
Gl T ;:zO .. 
Gl 0 0o 
Q2T;aO• 
Q2r:O.o 
cL.: 7uo .. 



Q3=0. 
Q4T=u• 
Q4=0· 
L.=O 
lf(MrP)80U~t~UUUt8005 

BOOS -J=~ 
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oo &vlu l=le20l 
1f(~(j)-999e99)801St8010t8015 

UUlS 1f(3ev-AdSr(G~AT(~GPJ-G~AT(1))J8010t8020t8u~u 

802V CUNilNUE 
lF(~.v-AoSF(G~UN\KGPJ-G~ON(1)))8010t802StS02~ 

8025 CONilNUi; 
U(L+l)=P(J) 
V(L+l)=~(J+ll 

L.=L+J. 
~~~(L.)=i 

X(~)=\~~~h(i)-G~ON(KGP)) 
YlL)=~~~~ (i)-~~AT(KGP) 

8010 .J=.J+' 
6000 Ov ~•vv 1= ltLF 

lSN= -J.;,(') 

If( ~LAic- AK~~(bLAI\~~~1- SLA(lSN))) ~lvvt~lVLt~lvl 
s1o 1 COi't r l•'tuc. 

If( ~Lv~o- ~o~r(b~UNl~GPl - SLN(IS~))l ~lU~t~lv~t~lO~ 
S l 0 2 CVI'4 i , 1'4\Jc. 

lt\LVV•-Ac~r'U~V(l))) ~lu0t~l00t94 
~~ Jf(LUVe-Au~r\V~v(LJ)) ~l00t~l00td~2 

B~~ 'UN. L f'4Ut. 
U\L.-r-11 = v~v(!) 
V(L."t".&.l - V;)V(~I 
bV 1\J 0:;) 

8 ~ ~v.~ t ! ·~uc. 
L.=L-r-1 
lS~(L.i= .J.-)(1) 
X(L)=l~LN(l~N)-b~O~(K~P)J 

Y(L)= ~LA<l~N)-~LAf(~bP) 
S 1 0 0 CON r i l'.tJ c. 

Ov :)lO~ l= ltL 
li·. \ ,, \ i ; ) ~ 1 u b • ~ l 0 7 • ~ l 0 7 

~l06 l.UNfi1'4vC. 
I r ' v ., i J l ~ 1 u ~ , ~ 1 v ~ ,.:, 1 o 9 

510& (.va~t' 11~vt. 
U.)i"=L• 
W.:) =Le"f"\11.,:) 
Gu IV :>.a.v:: 

5109 Cve~t ·i ~ .-.ve:. 
Q~ "f = •• 
Ql =Le"f"w~ 

GO iu ~lv::» 
~ l.O 7 CUN T l i'tvt:. 

IF(YlL)) ~1llt5ll2t~ll2 
S..Lll CONT11'4Ut. 

Q4T=l• 
Q4 :lo+w4 
GOTO ~lu,:, 

5112 C0,.,:T i!':•..;::, 



QlT=J.• 
Ql=l•+Yl 

5105 CONTINUE 
IN=L 
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SQ= ~1T+Q2T+Q3T+Q4T 
IF<N5~6-~) ~103tS103tSl04 

5103 CONTiNUE 
JF(SQ-~e) 5110t5113t5ll3 

5113 CONTlNut: 
IF(StNSt SwiTCH 2l6020t602S 

6020 WRITE OuTPUT TAPE jt6UOltKGPt(U(l)tV(l)tX(l)tY(l)tlaltLl 
6025 SVX : Ve 

sx • "· 
SY = Oe 
SYY a v. 
SXY = u. 
SX)f • ue 
SV = ve 
su = o. 
SVY = 0• 
sux = o. 
SUY = Oe 
00 11 N=ltlN 
SX= SX + X(N) 
SY= SY + Y(N) 
SV = ;;,v + v(N. 
SU = SU + U(N) 
SXY= SXY + X(N)~Y(~) 
SXX= SXX ~ X(~)~X(N) 
SYY= SYY + Y(N)*Y(N) 
SVY a SVY + V(N)•t(N) 
SVX = SV~ + V(N)*A(N) 
sux = sux + U(~)~AlN) 
SUY = SUY + ~(N)*Y(ri) 

11 CONTlNUt: 
lf(SX+SY) 400lt4Vv~t4Vul 

4002 CONTINUE 
XIN = IN 

V~PPlKGP) = SVIXlN 
UGPPl~GP) a SUIXIN 
GO TO 5110 

4001 CONTINUE 
FIN = 1N 
AP = SXY * ~X - ·~XX * ~y 
bP = SYY * SX - SY ~ ~XY 
UGPP(~GPl=(A~w(~Uw~AY-~UY*SA) -B~*(~Vw~XX-~UA*~A)) I (~~w(SX*SX-

l FIN *~AX) - AP*lSXw~Y- FlN*SXY)) 
VGPP(~GP>=<AP*lSV*~XY-SVY*SX) -~~w(~Vw~XX-~V~*SX).) I <~P*lSX*SX-

1 FIN *SXX) - AP*<SX*~Y- f1N*SXY)) 
5110 CONTINUE 
5104 CONTINUE 

~=IN 
192 CONTINUE 

DO 554 1 :a lt201 
RU5P ( l i r:: uGPP ( l ) 
f<VS? ( l i = VGrP ( l a 



f>~4 CONTINUE 
GO TO ~55 

:»5~ CONTINUE. 
193 CONTINUE 
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lf(SENSE SWITCH 2)60~0t6035 
6030 wRITE OUTPUl TAPE 6t60lltlRU5P(IJtRVSP(lltl•lt201J 
6035 RETURN 

END 

SUBROUTINE ~C:S 
COMMON u 
~QUlVA~ENCE (u(24b~)t0(Uu~~)tL(0U0l)tUORVl00U~)) 

DlME.NSlCJN iJ(ot7) 
M=o 
ll=L.+l 
OOJ.Ov K.=2tll 
M=M-rl 
uvluu J=~•ll 
DlMt~)=~lMtJ)/~(~tM) 

lf(~-~)lV~tlV4tl04 

lu4 CONTlNUt. 
D010l l=KtL. 
Dllt~)=0(1tJ)-~(1tM)*~lMtJ) 

101 CONTlNvi:. 
lu~ CvNTlNut. 
100 CONT!NuC:. 

UUkV c:u U .. t 11 ) 
Rt.TUR,.. 
END 



SUBROUTINE P4 
COMMON 0 
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EQU1VA~ENCE(Oll617)t KU~Q(809)t RV5QC608Jt 
A RU~PC~07)t RVSPC206)t 
C PC1617)tHVELC12ll)~NANGC1010J 
0 t RTO( 5)t RD5Q( 4)t RT5QC 3) 
E )t(Ol242l)tCKC6)JtlOl2878JtMPT(l)tMfPC2))t(0(2879Jt~A(l)) 

DIMENSION RUSQl20l)t RV~QC201J 
A t RU~P(20l)t RV5Pl2ul)t 
C P'0406Jt NV£Ll20l)t NANGt20l) 

•60 DO 620 ~K•lt~Ol 
lFlNU~W(~~J-,KJ4aOt470t470 

470 RU~Q(J~J=~U~~(J~) 
460 1f(KV~w(~~)-,K)~00t490t490 
49u RV5Q(~K)•~V5~(J~) 

50u CONTlNUC. 
620 CONTlNUC: 

Pll)=RU~w 
Pl2)=RT5Q 
NP=4 
DO 630 JL=ltlOl 
NP=NP+l 
P l NP) •RU5Q l .. u .. ) 
NP=NP+l 

6~0 P(NP):RV5Y(JL) 
lFCSENSt ~wiTCH 2)730t731 

730 WRIT~ vUT~uT TAPE bt732tlPlJV)tJV~.,40ol 
732 FORMAT(Abt16 t2ro.2/(drl2•2)) 
731 NV=O 

oo l25u JX=~•405t2 
KX=.JX+l 
NV=NV+l 
lflP(.JXJ-~99.~~J7bit7~5t7~~ 

7~~ NVELlNV)=~9 
NANGlNV)=999 
GO TO 12~0 

751 NVELlNVl = SYRTFCPlJX)**2 + ~(KX)**2) + •5 
1FlPCJXlJ790t7SOt790 

75~ lF(P(KXlJ780t770t760 
760 NAN~lNVl=loO 

GO T0.1250 
77U NANGlNV);O 

GO TO 1250 
780 NANG(NV)=360 

GO TO 1250 
790 lf(p(~X))830t800t830 
800 IFlP(JX))810•770•820 
810 NANG(NVJz::90 

GO TO l2SO 
820 NANG(NV)=270 

GO TO 1250 
830 CONTINUE 

NANG(NV) • ATANF(ABSFlPCJXJ/PCKXJ)J*RTO + .5 
IF(P(JXl) 850t850t840 

850 IFCP(KX)J l250t12SOtS70 
870 NA~Ct~~;~l~O-NANGCNVl 
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~0 TO 1250 
840 lf(P(KX)) 8BOt880tS90 
880 NANG(NV>=360-NANG(NV) 

GO TO 1250 
890 NANG<NV) = NANG(NV) + lSO 
1250 CONTINUE 

If(MfP)2002t200lt2002 
2002 CONTINUE 

NRITEOUTPUTTAPE MPTt39KAt<P<MA)tMA•lt2) 
3 FORMATC1Hl9Xt3HMAPI6t9Xt4HDATEA9t9Xt4HTIMEI6////) 

WRITE OUTPUT TAPE MPTt4t(NANGIMB)tNVE~(MS)tM8=lt3) 
4 FORMAT(l7Xt3(I4tlH/13t5X)///) 

MBl:z7 
MB2=15 

200~ WRITE OUTPUT TAPE MPTt5t(NANG(MB)tNVE~(MB)tMB•MBltM82) 
5 FORMAT(4X,8(14tlH/I3t5X)tl4tlH/I3///) 

M8l=MBl+l8 
f\182=MB2+18 
IF(MB2-177>2004t2004t2005 

2005 WRITE OUTPUT TAPE MPTt6t(NANGCMB)tNVELCMB)tMSal87tl89~ 
6 FORMAT<30Xt30Xt22Xt2(14tlH/l3t5X)tl4tlH/I3///) 

WRITE OUTPUT TAPE MPTt7tNANG(l99)tNVE~(l99~ 
7 FORMAT<30Xt30Xt30Xtl8Xti4tlH/l3) 

WRITE OUTPUT TAPE MPTt2tKA 
2 FORMAT<1Hlt9Xtl6) 

WRITE OUTPUT TAPE MPTt8t(NANG<MB)tNVE~lMti)tMB=4tb) 
8 FORMAT< 111 30Xt30Xt22Xt2(I4tlH/13tSX)tl4tlH/I3///) 

M81=l6 
M82::z24 

2006 WRITE OUTPUT TAPE MPTt5t(NANG<MB)tNVE~<MB)tMBaMBltMB2) 
MBl=MBl+l8 
MB2=MB2+18 
IF<MB2-186)2006t2006t2007 

2007 WRITE OUTPUT TAPE MPTt5t(NANG(MB>tNVE~(MB)tMB=l90tl98) 
WRITE OUTPUT TAPE MPTt9t(NANG(M8)tNVEL(M8)tM8=200t20l) 

9 FORMAT<4Xt2(14tlH/I3t5X)) 
WRITE OUTPUT TAPE 7t3000tKAt(P<MAltMA=lt2) 

3000 FORMATtl4tA6tl3) 
WRITE OUTPUT TAPE 7t3005t(NANG<MB) tNVEL.(Mt:3) tMtsslt20l) 

300~ FORMAT(l4ti3ti4tl3tl4tl3tl4ti3tl4tl3ti4•I3tl4tl3tl4tl3•l4ti3•14tl3 
l) 

GO TO 2003 
2001 MFP=l 

IF<SENSE SWITCH 3)2002t2003 
2003 RETURN 

END 



SUBROUTINE PS 
COMtviON 0 
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EQUIVAL~NCE (0(242l)tlSN(2)tl~T(l)tSH(3)tiT(4)tkAD(5)tCK(6)) 

At(0(2474)tQLATB(l)eQLON6(Z)tPLATb(~)tPLONti(4)tNS~b(5)tNSPb(6) 
BtA00(7)tSOATE(8)tSTIME(9)) 
Dt(Otl9l5ltSN< 300)tSLA( 200)tSLN( 100)) 
f. t ( 0 ( 1613 ) t R T D ( l ) ) t ( 0 ( 2 8 7 6 ) t G L. ON ( 2 0 l > t G L. AT ( 40 2 ) ) 

DIMENSION SN(l00)tSL.A(l00)tS~N(l00)tG~ON(20l>tGLAT(20l) 
S..H=5H99999 
Ql.AT8 = 9 eO 
QLONB = 9e0 
PLATB = oeO 
PL.ONB = 6e0 
NSQri = 8 
N~f.'d = '+ 
Avv = ,oooo. 
CK :o: 99Ye'i9 
RAD:o:e0l74~~29 

RTD = 57e2957o 
IT:zl 
lSN=O 

1 CONTINUE 
RtAD lNPU1 TAPE lPTt2t StXt' 

2 FORMAT( lA5t6Xtr5e2t2Xtr~e2) 
IF ( S-Sh ) ~ • 4 • ~ 

3 CONTINU~ 
I SN= i ~t'4T l 
SN(l~Ni=S 
SL.A( l~i\i) =Y 
5L.N ( L;)i~) :o: X 
GOTOl 

4 CONTINUE 
DO 20u2 1 = it2vl 

2002 READ INPUT TAP~ IPTt -~003t(~)t~LAT(~)tGL0N(K) 
2003 FORMAT(3Xti3t2F7e0) 

lf(SENSi ~w!TCH 2>3005t30UU 
3005 WRITt. vurPUT TAPC. 6t:i;006t(GLON(l)tuL.AI~!)t!:alt2ul lt<St-.(1)tSLA(llt 

l S L. N < 1 ) t ! = l t 1 ~ i~ ) 
300b FQRM~T(40(10rtel/)t2f7el//(lXtA5t~~lOe2tlXtA5t2~10•2tlXtA5tZtlOe2) 

l) 
3000 RETUKN 

C:ND 
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Program "GRIDHT 11 is used for the horizontal analysis of thickness and average height. 

The main program and subroutines WHIT, SES, ~~D P5 are the same as listed for program 
11GRID". 

FLOW DIAGRAM 

(2) 

Start with 
first grid point 

(1) 

Fit grid point 
for thickness an· 
average height 
using quadratic 
function 



(3) 

(1) - 83 -

Find all 

Replace any points 
unevaluated by 
quadratic function 
with value evaluate 
by plane function 

Fit grid point for 
thickness and 
average height 
using plane functio 

Consider all evaluated grid points 
and station data as- station data) 
where station data is weighted three (2) 

~----~ times and grid point data one time, 
and repeat process where grid point 
data must be within 6 units for 
quadratic fit and within 3 units for 
plane fit and station data has same 
limits as first time through 

Print results 
------------------~ in grid format 

SYMBOL DEFINITIONS 

P All symbols are the same as those used in the corresponding subroutines or the main 
nrogram for "GRID" except the symbols used as wind speed or U component are used for thick
~88 of the layer of maximum wind and those used as wind direct ion or V component are used 

r average height of the layer of maximum wind in "GRIDHT". 
COMPuTER TIME 

Objective analyses of LMW heights and thicknesses consume approximately 25 seconds 
of IBM 7090 computer time per map for both parameters. 
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SUBROUTINE Pl 
COMMON 0 
EQUIVA~~NCE(NStlS) 

EQUIVA~ENCEt0(2880)tLF(l)) 
EQUlVALENCE(0(2878)tMPT(l)) 
EQUIVALtNCE(0(24l5)t ~N( 800)t S~A( 700)t SLN( 600) 

A t V50( 50C)t U50( 400)t A50H( 300) 
B ' IOA( 200)t JS( lOO~t NSN( 600)) 
C t (1StS)t(lSHtSH)t(0(242lltlSN(2)tlPT'•'•~n\~ltlT(4) 
u ' RAU(5)l 
~~M~N~10N SN(OlOO~t S~Al010~)t SLN(~l00) 

A ' V50(0l00)t v5U(Ol00)t A~Oh(vlOO~ 
S • lvAlOlOO)t J~l0l00)t NSN(OlOv> 

10=0 
LF=O 

10 CONTlNUi:. 
K c. Au 1 N PuT T A P c. 1 P r , 1 , s , o 1 • u 2 , I 5o v v • 1 c:, o i") •) 

7 FORMAT(lXtlA~t2(lXtlA4lt27Xt216J 
IF<lS-lSH) 9t6t9 

9 CONTlNUt:. 
UUll 1 = l t i &N 
l~(h~-N~N(l)) lltl2tll 

11 CON f.l i"Ui::. 
..:;u TU lv 

12 c..vNl!Nvc. 
JSN=l 
.tO=lu+l 
Lf=L.f+.1. 
A~uVV = FL.OATF(l~OVV) 
A~UO~ = fLOAfftl50UD) 
V~v(LrJ = A~OVV 
lJ:;)\J(Lf) = A!;)OL>O 
J!:> ( L.f > =JSI .. 
lUAU .. i-) = lt; 
Gulu.i.iJ 

o <..vNl!NUt:. 
lt(~~~~~ ~wliCh 2)100tl05 

!00 WKIT~ ~UTPur TAP~ 6tl0bt(V~O(l)t~50(l)t 
l) . 

!06 FORMA1(2fl2•2t~lSe2t21~) 
105 RETURN 

END 
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5UBROUTINE P3 
COMMON 0 
EQUIVA~ENCE(0(28SO)tLF(l)l 
EQUIVAL~NCE(0(2878)tMPT(l)) 
EQUlVA~~NC~(0(lbl7)t ~U~Q(809)t RV~Q(606) 

A t kU5P(407)t RV~Pl20b)t 

C P(l617)tNVf~(l2llltNANG,l0lOJ 
0 ' RTU< ~)t RO~Q( 4)t RT~Q( 3) 
~ )t(0(2416ltC~(6)) 

Ft(0(2465)t0(44)t~(l)tUORV(2J) 

GtlOl2474)tQLATB(l)tQ~ONB(2)tPLATE(3)tPLONBC4)tNS~6(5JtNSP6(6)) 
DIMENSION RU5QC20l)t RV5Q(20l) 

A t RU5Pl20l)t RV5Pl20l)t 
C P(0406)t NVE~C20l)t NANGC20l, 
Dt UCl00)tBl6)t0l6t7)e0Dl6t6)tUGPP(20l)tVGPP(20l) 
EtUGPQ(20lltVGP~(201) 
EQU1VA~ENCE(0(2415)t SNC 800)t SLAC 700)t SLN( 600) 

A t V50( 500)t U50( 400)t A50H( 300) 
8 t lOA( 200)t JS( l00)t NSN(S00)) 
Ct<lSt5)tllSHtSHJt(0(~421)• lPT(l)tS~(3)tll(4) 

DtRAO(!>)) 
Et(Ol2876)t G~ONl20l)tGLAT(402))t(0(2877)tMFPll)) 
F tl0l406)tPl406)) 

DIMENSION SN<OlOO)t SLAlOlOO)t SLN,Ol00) 
A t V50(0l00lt U50(0100)t A50Hl0100) 
8tlOAl0l00)tJS(ul00)tNSN(Ol00)t V(l00)t 
C XtlOO>tY<luO)t1~S(l00) 

DtGLAT<2~l)t~LUN(20l) 

uu ~~ irT=l•~ 
00 ".1.,:, i= lt~Ol 
UuPQ(l>= 'i9~e'il"i 
VGP<.Hl)= "i9'ie9"i 

213 CONT l•"ut:. 

7005 

900~ 

~coc, 

DO 92 I<.G~=ltlOl 
QlT=-0• 
Ql=Oa 
Q2T=O• 
Q2=0· 
a~:r=u• 
Q~~::o. 

Q4T=V• 
Q4=0• 
LaO 
1F<MFP>7005ti00Ut7005 
J=KGP*2+3 
IFlPlJ)-999e99)Y005t9000t9005 
UGPQ<KGP>=P(J) 
VGPQ(KGP>=P(J+l) 
GO TO 92 
J::5 
DO 70l0 I=lt20l 
1F(PLJ)-999o99)70l5t70l0t70l5 
lF(6o0-A~~f(u~AT<KuP)-G~Al(l)ll7010t7020t7020 
:ONTlNU~ 
lF(6G0-~~SFlG~ONl~GP)-G~CU(l)))701Uo70Z~~702~ 
CONT l ;~~we: 



7010 
7000 

9010 
901~ 

5001 

5002 

73 
652 

9025 
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U(L.•l-l) =P l.J) 
V ( L.+l) =P LJ+l) 
LaL.+l 
ISS(L.)::l 
X(~)=(G~ONCll-GL.ON(KGP)) 
Y(L):G~AT(l)-GLAT(KGP) 
,Ja..J+2. 
oo soao I: l•L.F 
lf(MfP)90l0•9015•9010 
J.Jal 
ISN;: JS(l) 
IF( QLATB- ASSF(GLAT(KGP) - SLACISN))) 
CONTINUE 
If( QLONB- ABSf(GLON(KGP) - SLN(ISN))) 
CONTINUE 
1F(l00•-A6Sf(USO(l))) 7~t5000t5000 
lf(l00a-A8SFtV50(1))) 652t5000t5000 
CONTINUE 
U(L.+l):U50(1) 
V(L.+l)~:V50(ll 

GO TO £>5 
CONTINUE 
L.-=L.+l 
lSS(L)= JS(l) 
XCL)=lSLN(lSN)-GLON(KGP)) 
Y(l.)• SLA(ISN)-GLATtKuP) 
lF(MrP)9020e5000t9020 

9020 ,J,J:::..J.J+l 
lf(..J.J-4)9025t9025t5000 

5000 CONTLNuE. 
00 ~00~ 1 ... l•L 
lf(X(l)) 5006t5007t5007 

~006 CO~TlNUE 
lF(Ytl)> sooe.~oo9.~oo~ 

5008 CONTINUE. 
Q3T=lo 
Q3 .o:lo+Q3 
GO TO 5005 

5009 CONTINUE 
Q2T=l• 
Q2 ::lo-t-Q2 
GO TO SOOS 

~001 CONTINUE 
lf(V(!i) 5011tSOl2tS012 

5011 C.uNTlNUE 
Q4Talo 
Q4 =le+Q~ 

GOTO SOOS 
5012 CONTINUE 

OlTmlo 
Ql•lo+Ql 

SOOS CONTINUE 
L.S::£1. 
SCo GlT+Q2T+Q3T~Q4T 
lf(NSC3-~l 5003t5003o5004 

~00.) 'O:JT li·!U~ 

5000t5001•5001 

5000t5002t5002 



~013 

6000 
6001 
6005 

1FCSQ-4e)50l0t5013t5013 
CONTINUE 
lf(SENSE SWlTCH 2)6000t600~ 
WRITE OUTPUT TAPE 6toOOltKGPt(U(lltVCl)•XCl)•Y(l)•l•la~J 
FORMAT(I5/(4fl5e2)) 
00 5 l =lt6 
B(l)•Oe 
00 ~ J ~lt7 
D<ltJ)•O• 
CONTINUE 
00 90 L.::zltL.S 
XY • X(L) * Y(L.) 
XX a XlL.) * X(L) 
YY • Y(L) * Y(L) 
XXY • X(L.) * X(L.) 
XXX • X(L.) * X(L.) 
XYY • X(L.) * Y(l) 
YYY ~ Y(l) * Y(~) 
XXYY a X(l) * X(L) 
XXXV a X(L) * X(L) 
XYYY a X(L) * Y(~) 
XXXX • X(L) * X(L.) 
YYYY D Y(L) * Y(L) 
UX • U(L) * X(L) 
UY • U(L) * Y(L~ 

* Y(L.) 
* XU.) 
* Y(L.) 
* Y(L) 
* YO .. ) 
* X(L.) 
* Y(L) 
* X(L.) 
* Y(L) 

UXY D U(L) * X(L) * Y(L) 
UXX • U(L.) * X(L.) * X(L) 
UYY • U(L.) * Y(L.) * Y(L) 
VX = V(L) * X(L) 
VY = V(L) * Y<L) 
VXY • V(L) * X(L) * Y(L) 
VXX • V(L) * X(L) * X(L) 
VYY = V(L.) * Y(L) * YCL) 
O(ltl) D O(ltl) + X(L) 
0(2tl) : 0(2tl) + XX 
0(3•1) = D(3tl) + XY 
Dl4tl) = 0(4tl) + XXY 
0(5tl) a DC~tl) + XXX 
0(6tl) • 0(6tl) + XYY 
DClt2) = Dllt2) + Y(L.) 
0(2t2) = Dl2t2) + XY 
0(3t2) = Dl3t2) + YY 
0(4t2) c 0(4t2) + XYY 
Ol5t2) c 0<5t2) + XXY 
0(6t2) • D<6t2) + YYY 
Dllt3l a 0(lt3) + XY 
Ol2t3) • Ol2t3) + XXY 
0(3t3) • 0(3o3) + XYY 
0(4e3) • Ol4t3) + XXYY 
0(5•a) a 0(5t3) + XXXY 
Dt&ta) • D<6t3) + XYYY 
Ollt4) • 0(lt4) + XX 
0(2t4) • 0(2o4) + XXX 
0(3o4) a 0(So4) + XXV 
O'~o4) • O(~t.ll') + X::t.XY 
0 ( 5 .o '' ) • D ( ~ o ~~ l + .X.;(¥.X 

* Y(L) 
* Y(l) 
* Y(L) 
* X(L) 
* Y(L) 



90 

3-77 

91 

37i 

500' 
5010 

92 

aoo 

551 
93 
26 

6010 
60ll 
60l:J 

DC6t4) • DC6t4) + XXYY 
DC1t5J • O(.ltS) + YY 
DC2t~) • Dt2t5) + XYY 
0(3t5) • 0(3t5) + YYY 
DC4t5) • DC4t5) + XYYY 
O(StS) • 0(St5) + XXYY 
0(6t5) D 0(6tS) + YYYY 
0(lt6) = 0(lt6) + 1. 
0(2•6) • Dl2t6) + XlL) 
Dl3t6) • OC3t6) + YC~J 
DC4t6) D 0(4t6) + XY 
DtSt6) D 0(St6) + XX 
DC6o6J • Dl6t6) + YY 
Dllt7) • 0(lt7) + V(~) 
DC2t7J • 0(2t7) + VX 
D(3t7) • 0(3t7) + VY 
DC4t7J • DC4t7J + VXY 
OCSt7) • DCSt7) + VXX 
D(6t7J c DC6t7) + VYY 
Blll•B(l)+U(l) 
B.(2)•8(2J+UX 
8(3)•8(3)+UY 
8(4)a8(4)+UXY 
BCSJ-=8(5)+UXX 
8(6)aB(6)+UYY 
CONTINUE 
DO 377 1= lt6 
00 377 J= lt6 

DOClt.J)• Dllt.J) 
L•6 
CALL SES 
VGPQ(KGP)c UORV 
0091 1= lt6 
DC1t7)• 8(1) 
CONTINUE 
DO 378 Ic lt6 
DO 378 J• lt6 
DlltJ)z DOlltJ) 

CAL.L SES 
UGPQ(K.GP)• UORV 
CONTINUE 
CONTINUE 
l.•LS 
CONTINUE 
00 200 1 • 1t201 
RUSQ(I) a UGPQ(l) 
RVSQ(l) • VGPQCil 
CONTINUE 
GO TO 551 
CONTINUE 
CCNT l~'UE 
.CONT lNUE 
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lflSENSE SWITCH 2)6010t6015 
uniTE OUTPUT TAPE 6t60lltCRUSQ(lJtRVSQ(latl•lt201) 
c: C-.. \!!.-. T ( 1 0 F ll• 2 ) 

C.:: .~?3 lFTs: ltl 



216 

8005 

9035 

9030 

8015 
8020 

8025 

8010 
8000 

9040 
9045 

5101 

Sl02 

94 
8:>2 

905L 

as 

9050 

00 216 I• lt201 
UGPP(l)• 999e9V 
VGPPCIJ• 999e9'1 
CONTINUE 

00192 I'GP• lt20l 
Ql.T•O• 
Ql•Oe 
Q2T•Oe 
Q2•0· 
Q3T•Oe 
Q3•0e 
04T•Oe 
Q4•0· 
L•O 
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JF(MFP)8005t8000taOuS 
J=KGP*2+3 
IF(P(J)-999e99)903St9030t9035 
UGPPtKGP):cP(J) 
VGPPtKGP)ap(J+l' 
GO TO 192 
JaS 
DO 8010 I=lt201 
1F(P(J)-999•99)80l5t8010t8015 
1F(3e0-ABSFtG~ATtKGP)·G~AT(l)))80lOt8020t8020 
CONTINUE 
1F(3e0-ABSF(G~ON(KGP)-G~ON(l)))8010t8025•6025 
CONTINUE 
U(L+l)c:P(J) 
V(L+l)aP(J+l) 
L.•L.+l 
lSS(L.)al 
X(L)•(G~ON(l)-GLON(KGP)) 
YlL)aG~AT(l)-G~ATtKGP) 
J•J+2 
00 SlOO Ia lt~F 
IF(MFP19040t9045t9040 
JJal 
ISN= JS(ll 
IF( PLATS - A6Sf(GL.ATCKGPl ·" Sl.A( lSN) )") SlOO,SlOltSlOl 
CONTINUE 
IF( PLON8- A~Sf(G~ON(KGP) - S~NllSN))) Sl00•Sl02t~l02 
CONTINUE 
1F(l00e-A6Sf(U50(1))) 94t51v0t5100 
lf(lOO.-A~SF(V~0(1))) ~~2t5100tSl00 

'ONTINUE 
U(L+l) = U50(1) 
V(L+l) g V50(l) 
GO TO SS 

CONTINUE 
LCJl-t-l 
ISS(L.)• JS(l) 
X(L)•(SLN(lSN)-G~ON(KGP)) 
Y(L)a S~A(1SN>-G~AT(KGP) 
1FiMFP)90SOt5100t9050 
J.,!::-~-J.J-rl 

!F(~~-4)90S5•9055t5l00 



5100 CONTINUE 
DO 5105 1= ltL. 
JF(X(l)) 5106t5107t5107 

5106 CONTINUE 
lFlY(l)) 5108t5109t5109 

5408 CONTINUE 
Q3T•l• 
Q3 ale+<.l3 
GO TO 5105 

Sl09 CONTlNuE 
Q2T•l• 
Q2 =le+Q2 
GO TO 510S 

5107 CONTINUE 
lf(Y(I)J 5lllt5112tSll2 

5111 CONTINUE 
Q4T=l• 
Q4 a1e+Q4 
GOTO 5105 

5112 CONTINUE 
QlT=l• 
Qla:1e-t-Ql 

5105 CONTINUE 
IN=rL 

-90-

SQ:: QlT-t-Q2T+Q3T+Q4T 
lf(NSP6-L.l 5103t5103t5l04 

5103 ::ONTINUE 
lf(SQ-3e) 5llut5113t5113 

5113 CONTINUE 
lFlSENSE SWITCH 2l6020t602S 

6020 WRITE JUTPUT TAPE 6t600ltKGPt(U(l)tV(l)tX(l)tY(l)tl=lt~) 
602~ svx = o. 

sx c o. 
SY c: a. 
SYY • Oe 
SXY = ve 
sxx = o. 
SV = Ve 

su = o. 
SVY a Ot 
sux • v. 
SUY a Oe 
DO 11 NaltlN 
SX= SX -t- X(N) 
SY:a SY -t- Y(N) 
SV a SV -t- V(Nl 
SU :a SU -t- U(N) 
SXY• &XY + X(N)*YlN) 
SXXc SXX + X(Nl*X(N) 
SYY• SYY + Y(NJ*Y(N) 
SVY • SVY + V(N)*Y(N) 
SVX a SVX + V(N)*X(N) 
SUX c: SUX + U(N)*X(N) 
SUY c SUY + U(Nl*YlN) 

11 CONTINUE. 
lf(SXTSY) 4001t~002t4001 



4002 CONTINUE 
XlN • lN 

VGPP(KGP> • SV/XlN 
UGPP(KGP) • SU/XlN 
GO TO 5110 

4001 CONTINUE 
FIN • IN 
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AP • SXY * SX - SXX * SY 
BP • SYY * SX - SY * SXY 
UGPP(K.GP)•<AP*(SU*SXY-SUY*SX) -BP*(~U*SXX-SUX*SX)l I (aP*l.SX*~~-

1 FIN *SXX) - AP*(SX*iY - FlN*SXY)) 
VGPP ( K.GP l.: ( AP* ( ~'V*~·x Y-~VY*SX) -BP* ( ~'V*S.XX-S\I.X*~~)) I l dP* l~*~-

l FlN *SXX) - AP*(SX*~Y- FlN*SXY)) 
5110 CONTINUE 
5104 CONTINUE 

L.=lN 
192 CONTINUE 

DO 554 1 a lt20l 
RU5P(l) c UGPP(l) 
RV5P( 1) = VGPP( 1) 

554 CONTINUE 
GO TO SS5 

555 CONTINUE 
193 CONTINUE 

lf(SENSE SWITCH 2)6030t603S 
6030 WRITE OUTPUT TAPE otbOllt(RU~P(l)tRV~P(l)tl;lt~Vl) 
6035 RETURN 

ENO 



SUBROUTINE P4 
COMMON 0 
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EQUIVA~ENCE(0(l6l7)t RU5QCB09lt RVSQC608)t 
A RUSPC407)t RV5P.(206)t 
C P(l617ltNVE~ll211ltNANG(l010) 
0 t RTDC 5) t RDSQC 4) t RTSQ( 3) 
E )t(0(242l)tCKC6))t(OC2878a~MPT(l)tMfP(2)lt(0(2879ltKA(l)) 

DIMENSION RU5Ql20l)t RVSQ(20l) 
A RUSPC20l)t RV~PC20l)t 

~ P(O .... Uo)t NVE.Ll20l)t NANG,201) 
460 DO 62u JK=lt20l 

lf(RU~~(J~)-CK)4&0~470t470 
470 RU5QtJ~l;HUS~(JK) 
480 1f(RV~~(JK)-CK)500t490t490 
490 RV5Q(JK)=RV5PCJK) 

500 CONTINUE 
620 CONTINUE 

PCl)•RD!lQ 
PC2)=RT~Q 

NP=-4 
f;O 630 JL.=lt~Ol 
NP=NP+l 
P ( NP ) ::;<USQ ( .. H .. ) 
NP;:NP+l 

630 P(NP)::KV~Q(J~J 

lf(~ENS~ SWITCH 2)730t731 
730 WRITE vUTPUT TAPE 6t7~2tCPCJV)t~V•lt406) 
732 FORMAT(A6ti6 t2F8•2/(8Fl2e2)1 
731 NV=O 

DO 1~~0 JX=5t405t2 
KXs:::JX+l 
NV=NV+l 
lftP(JX)-999•9~)755t7S~,7~1 

755 NVEL(NVJ:~';9 
NANGtNV>==999 
GO TO 1250 

751 NVE~tNV>=P(JX) 
NANGCNV)s:::P(KX) 

1250 CONTINUE 
IFCMFP)20U2t~00lt2002 

2002 CONTINUE 
MB3aO 

2060 WRITEOUTPUTTAPE MPTt3tKAt(PtMA)tMA=l•2J 
3 FORMAT(lHl9Xt3HMAPI6t9Xt4HOATEA9t9Xt~HTlME16////) 

WRITE OUTPUl TAPE MPTt4t(NANG,MB1 tMB=lt3J 
4 FORMAT(l7Xt3<2Xtlo t~Xa/1/) 

MB1•7 
MB2•15 

200~ WRITE OUTPUT TAPE MPTt~t(NANG(MBJt M~•MSltMB2l 
5 FORMAT(4XtS(2XJ16 t5X)t2Xtl6 ///) 

MBl•MBl+l8 
t-182aMB2+lS 
1F(M82-177)2004o2004o200S 

200::> WRITE OUTPUT TAPE MPToooCNAHGIMBlt M5•la7tla9) 
o FOflMAT(30X•30Xo22Xt2(2Xt16 oSX)t2Xtl6 Ill) 

k'JRlTE; OUTP.t,JT TAPE MPT$7tNA14G.!l99) 



7 

' 
a 
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FORMAT(30Xt30Xt30Xtl6Xt2Xtl6 ) 
WRITE OUTPUT TAPE MPTt2t~A 
FORMATC1Hlt9Xt16) 
~RITE OUTPUT TAPE MPTt8t(NANG(M6Jt 
FORMAT( Ill 30Xt30Xt22XtZl2Xt16 
MBlal6 
.. 182•24 

M8•4t6) 
t~XJt2Xtl6 ///) 

2006 WRITE OUTPUT TAPE MPTt~t(NANG(MBat M~=M~ltMd2) 
MBl•MBl+l8 
MB2•NB2+l8 
lFCM82-lS6J2006t2006t2007 

2007 WRITE OUTPUT TAPE MPTt5t{NANG(M~lt Mo~l~Otl~o) 
WRITE OUTPUT TAPE MPlt9tlNAN~lM~)t M~=~OOtlOl) 

9 FORMAT(4Xt2(2Xtl6 tSX)) 
WRITE OUTPUT TAPE 7t3000t~At'P'MAJtMA•lt2) 

3000 FORMAT(l4tA6tl3) 
WRITE OUTPUT TAPE 7t300St(NANG(MS) tM6=lt20l> 

3005 FORMAT(l216) 
1f(M63)2U50t20SOt2003 

2050 MB3=l 
DO 2055 MB=lt20l 

2055 NANGlM~)•NVE~(M~) 
GO TO 2060 

2001 MFP=l 
lf(SENSE SWITCH i)2002t2003 

2003 RETURN 
END 



SUBROUTINE F4 
No new symbols are used 

FUNCTION KPS 
Call list: 

1. K - subscript to be cycled 

- 96 -



C FCST 
COMMON 0 
DIMENSION OC3000l 
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EQUIVA~ENCE (0(2ltMPT<lltlPTl2l)t(0(l913)tDD(60~ltVV(l206ltiP4<l34 
17)tlP3(l4B8)tlP2<l629lt1Pl(l770ltlP(19ll))tl0(1Yl4)tl~M)t(0(2196)t 
2FV(l4l)tf0(2S2))t(0(2200)tKAll)tTlME(2)iDATE(3)) 

DIMENSION VV(20lt3)t0~(20lt31tlPll4l)t1Pl(l4l)t1P~(l4l)tlP3l~~•,• 
llP4(14l)tfDl14l)tFVll4l)tf~P(2vl)tfVPC201) 
lPT•~ 
MPT•6 
00 70 l•lt20l 
FDPC1)•999.0 

70 FVPll~=99•0 
CALL Fl 
READ INPUT TAPE StlOtDtT 

10 FORMAT(4XtA6tlXtA2l 
4C READ INPUT TAPE lPTtlOtOltTl 

IFCD-01)25tl5t2S 
15 1 F C.T- T l ) 2 5 t 2 0 t 2 S 
25 DO 30 I~l•2l 

REAO INPUT TAPE IPTt3~tJUNK 
35 FORMATC14) 
30 CONTINUE 

GO TO 40 
20 BACKSPACE IPT 

TIM•l2•0 
KL•l 
KK•2 
KR•3 
K•l 
IK•l 

~5 REAO INPUT TAPE 1PTt45tKAtDATEtTlME 
45 FORMATC14tA6tlXtA2) 

READ INPUT TAPE 1PTtS0t(00(ltK)tVV(ltK)tl•lt20l) 
SO FORMAT<r4tOtF3.0tF4.0tF3tOtF4.0tf3•0tf4•0tf3tOtf4tOtrj•Ott4•0•f~eO 

ltF4.0tF3.0tF4.0tF3.0tF4t0tF3tOtF4tOtFlt0) 
lf(SENSE SWITCH 3)80t85 

~0 WRITE OUTPUT TAPE MPTt90tKltKKtKKtKt1Kt(00(1t~)tVV(lt~ltl=l•20l) 
90 FORMATC~l6/(l0Fl0•0)) 
as IF<lK-3)60t~~.~s 
60 IK»lK+l 

K.•K+l 
GO TO 65 

55 CA~~ F2lK~tKK) 
CAL.L. f3(l) 
00 75 l»ltl4l 
llalP(l) 
FOPC 11 )•fDC 1) 

75 FVP(ll)afV(l) 
CALL. f4(f0PtFVPtDDCltKR)tVV(ltKR)) 
CAlL. F3l2l 
CALL F4(00CltKKttVV(ltKK)tDD~ltKR)tVVCltKR)) 
CALL F3t3) 
KL.aKPS(KL.) 
KK,:aKPS(Kl<.) 
KR•KPS l K:\) 



K•KR 
GO TO 65 
END 

SUBROUTINE Fl 
COMMON 0 
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EQUlVA~ENCE (Ot707)tlP•(14l)tlPJ(2J2)t1PiC423)tlP1(564)t1Pl70~)tlP 
lTC707)tMPT(706)) 

DIMENSION IP(l4l)t1Pll14l)tiP2C~4l)tlPl(l4l)tlP4tl4ll 
REAO INPUT TAPE lPT•l0•41P(1J•lP1(l)tiPZ(ll•lP3(J)~.IP.,JJt1•1ol4ll 

10 FORMATC5IS) 
lFCSENSE SWITCH 3)1St20 

lS WRITE OUTPUT TAPE MPTt2~t,IPll)tlPllJ)tJP2(1JtlP3ll»tlP4(l)tl•lt1~ 
11) 

2S FORMAT(ll0•415t110t*li) 
20 RETURN 

END 



SUBROUTINE F2(K.ltK2) 
COMMON 0 
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EQUIVALENCE (0(2)tMPT(l)tiPTC2)lt(0(1913lt00(603ltVV,l206Jtl~4(134 
l7)tlP3Cl488)tiP2Cl629)tlP1(1770)t1PCl9ll))t(0(1~14)tTIM)t(0(2196)t 
2FVC14lltFDC282)) 

DIMENSION lP(l4l)tiPlll4l)tlP2Cl4l)tlP3Cl4l)tlP4Cl4l)t0D(20lt~lt 
1VVC20lt3)tU(20lt2)tVC201t2)tf0(14l)tfV(l4l) 

D•2e0*3e0 
RAO=Oe01745329 
K•K1 
JKzz1 

25 DO 10 I•1t201 
IFIVVCI tK)-99e0)40t3St40 

35 U(lt1K)a999.0 
V(ItlK)=999eO 
GO TO 10 

40 U(ltlK)=-VVCI tK.)*SINFCDOCI tK)*RAO) 
V(ItlK)=-VVCI tKl*COSF(DOCI tK)*RAD» 

10 CONTINUE 
IFCSENSE SWITCH 3)125t~30 

125 WRITE OUTPUT TAPE MPTtl35tKtiKttU(ltiK)tVCit1KJtl=lt201) 
135 FORMATt216/(10FlO•S)) 
130 1FCIK-2l20t1~tl~ 
20 KzK2 

1Kzz2 
GO TO 25 

15 DO 30 I=ltl41 
II•IP(l) 
Il•IP1Cl) 
I2•1P2(1) 
J3aiP3(1) 
I4•IP4(l) 
IFCU<lltl)-999.0)45t7St75 

45 IFCUC1It2)-999t0)50t7St75 
SO IFCUCilt2)-999a0)55t7St75 
55 IF(UCI2t2)-999.0)60t7St7S 
60 IFCU(l3t2)-999e0)6St7St7S 
65 IFCUCI4t2)-999a0)70t7St7S 
75 FDCI) 11 999e0 

FV(l)a99e0 
GO TO 30 

70 OUDX=(U(l3t2)-U(Ilt2))/0 
DUDY=CUCI4t2)-U(I2t2))/0 
DVDX=(V(13t2)-Vlllt2))/0 
OVOY•(V(l4t2)-V(l2t2))/0 
DVDT=CVCIIt2)-V(lltl))/TIM 
DUOT=(U(llt2)-U(Iltl))/TtM 
DEuDUDX*DVDY-DUDY*DVDX 
CX=(OUDY*DVDT-DVDY*DUOT)/DE 
CY=CDVDX*DUDT-DUDX*DVDTJ/DE 
IFCSENSE SWITCH 2)140tl45 

140 WRITE OUTPUT TAPE MPTtlSOtltlitlltl2t13tl4tOUDXtDUDYtDVDX 
lTtDUDTtDE)CX•CY 

lSO FORMATC6l6/9Fl0•S) 
145 DUDT=C-CX•DUDX-CY*DUDY)*TIM 

OVOT=C-CX*DVOX-CY*OVDY)*TIM 



UF•UCllt2)+0UOT 
VFaVCllt2)+0VDT 

• lUU-

lFlSENSE SWITCH 2115Stl60 
155 WRITE OUTPUT TAPE MPTt16StDUDTtDVDT•UF•VF 
165 FORMAT(4Fl0o5) 
160 FVCil•SQRTFCUF*UF+VF*VF) 

1F(VF)80t8St80 
85 1FlUFl90t95t100 
95 FOCI)•OoO 

GO TO 30 
90 FO(J)a90e0 

GO TO 30 
100 F0(1)•270e0 

GO TO 30 
80 F~(l)aATANFCUF/VFl/RAD 

IFCUF)llO•lOStlOS 
110 IFCVF)30tl1Stll5 
115 FO(ll•FDCll+l80eO 

GO TO 30 
105 IFCVF1120tll5tll5 
120 FOCil•FOCll+360eO 
30 CONTINUE 

IFCSENSE SWITCH 21170tl75 
170 WRITE OUTPUT TAPE MPTtl80t,FOCl)tFV(l)tl•ltl4l) 
180 FORMATC10Fl0e2) 
175 RETURN 

END 
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SUBROUTINE F3CI) 
COM~10N 0 
EQUl~ALENCEC0(2196)•FVC141)tFDC302))•(0(2200)tilMEC2)•DATE(ll,~A(l 
) ) t.C 0 C ~) tMPT) 
OlMENSlON FDC141)tfVC141JtN0(141JtNV(141) 
1FCI-2)70t75t80 

70 WRITE OUTPUT TAPE MPTt10tKAtDATEoTIME 
10 FORMATC1Hll4tA8tA3tl7H 12 HOUR FORECAST/Ill///) 

GO TO as 
7S WRITE OUTPUT TAPE MPTolltKAtOAtttTIME 
11 FORMATC1Hli4oA8tA3t43H DIFFERENCE BETWEEN ACtUAL MAP AND FORECAST/ 

J./11111) 
GO TO SS 

80 ~RITE OUTPUT TAPE HPTtl2tKAtDATE•TlME 
12 FORMATC1Hll4tA8tA3t26H DIFFERENCE BY PERSlSTENCE/1/////) 
8~ DO 90 l=lt141 

ND(l)•FDCI) 
90 NVCJ)•FV(l) 

WRITE OUTPUT TAPE MPTtlSt ND(l)tNVC1) 
1~ FORMAT(30Xtl4tlH/l3///J 

MB1•3 
MB2•10 

25 WRITE OUTPUT TAPE MPTt20t(N0(lltNV<llti•MBltM62) 
20 FORMAT(l7Xt7C14tlH/13tSX)tl4tlH/li///) 

MBl•MBl+l6 
MB2•MB2+16 
IF(MB2-122)2St2St30 

30 WRITE OUTPUT TAPE MPTt3StCNDCli•NV(l)ol•l3ltl32J 
35 FORMAT£35Xt35Xt25Xti4tlH/l3t5Xtl4tlH/Ii) 

WRITE OUTPUT TAPE MPTt40tKA 
40 FORMAT(1Hll4///////) 

dRITE OUTPUT TAPE MPTt4StN0(2)tNV(2) 
45 FORMATC30Xt30Xt3SXtl4tlH/l3///) 

MBl•ll 
M62•18 

~S WRITE OUTPUT TAPE MPTtSOa(ND(l)tNV(l)•l•MSleM62) 
~0 FORMAT(4Xt7(14tlH./l3t~XItl4tlH/J3///) 

MBl•M6l+l6 
MB2aMS2+16 
1F(MB2-130)5StS5t60 

60 WRITE OUTPUT TAPE MPTt50t(N0(l)oNV(l)tl•lJ3tl40) 
WRITE OUTPUT TAPE MPTt65tNOtl411tNV,l41) 

6S FORMATt4Xtl4t1H/13) 
AETURN 
END 
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SUBROUTINE f4(FDPtFVPtDDtVVI 
COMMON 0 
EQUIVA~ENCE lUll43)tlPtl4l))t(0(219Q)tFVll41ltf0(2S2))t(0(2)tM?TJ 
DIMENSION FDP(20l)tFVPl20l)tVVl20l)t00l20l)tlPll4l)tf0(14l)tfV(l4l 

l) 
lF(S~NSt ~WlTCH 4J~Ot3~ 

30 WRITE OUTPUT TAPE MPTt40t(f0P(l)t0DllatFVP(l)tVV(lltl=lt20l) 
40 FORMAT(8Fl0e~) 

35 DO 10 I=ltl4l 
Il=IP(l) 
lF(FDP(ll)-~~9.0)20tl5tlS 

20 1F(00(11)-~9~e0)25tl5tl5 
25 If(AtiS~(~U(iJ)-~DP<Il))-l80e0)65e65t60 
~0 1F(vD(ll)-rUP<Ill)70t75t75 
70 DD(Iil=~u(ll)+360e0 

Gv TO o5 
75 FuP(ll)=fDP(iL)+360eO 
65 FD(I>=vu(lli-rvP<li) 

FV (I ) =VV ( i 1 } -FVP ( ll l 
GO Tu lu 

l5 Fv(l)=':l'-l'ieu 
FV(!)=-!i~ev 

lu C:vi~T H~ut. 

IFl~EN~~ ~~lTth 4)45t50 
4~ WRITE uUTFUT TAPE MPTt55t(f0ll)tfV(l)tl=ltl41) 
S~ FO~MATlluflOe5) 

~0 Rt:TURN 
E. NO 

FUNCTION K.P~'I<.) 
KPS=K+l 
IF(KPS-3).l.tit2 

2 KPS=KPS-3 
1 RETURN 

END 
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Program 'TCST2" uses the kinematic method for computing a 24 hour forecast. The input 
data may be either unsmoothed or smoothed. 

Compute U & V components 
for all grid points on 
current map and 24-hour old 
map 

Use grid point from current 
map and 24-hour old map plus 
4 surrounding points of current 
map 

No 

ompute forecast U & V 
y kinematic method 

for 24-hour forecast 

FLOW DIAGRAM 

Find differences betwee~ 
ctual (24 hour) map an~ 

forecast map for each 
rid oint 

Print differences 
rid format 

i 
Find differences betwec~ 
actual (24 hour) map an~ 

rint differences 
rid format 

for each 

(1) 
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SYMBOL DEFINITIONS 

All symbols are the same as those used in the corresponding subroutines or the main 
Program for "FCST" except KLl, KL2, KK., KR2, and KRl which are used in place of KL, KK, 
and KR to control the cycling of the data. 



- 105-

C FCST2 
COMMON 0 
DIMENSION 0(3100) 
EQUIVA~ENCElOl2)tMPTll)tlPT(2))t(0(2717)t00(100~)tVV(2010)tlP4(2lS 

ll)tlP3(2292)tlP2l2433)t1Pll2574ltlP<271Sllt(0(27lo)tTIMlt(0(3000lt 
2fV(l4l)tFOl282))t(Ol3003)t~AllltT1M~(2)tDATE(iJ) 
OlMEN~lON VV(20lt5)t00(20lt5)t1P(l4l)t1Plll4l)t!P2(141Jt1~3(14l)t 

llP4(14l)tf0(14l)tfV(l4l)tfOP,20l)tFVP(20l) 
IPT=~ 
MPT=6 
DO 70 l=lt20l 
FOP(l)=999.0 

70 FVP(1)=99.0 
CALL Fl 
READ INPUT TAPE StlOtOtT 

10 FORMATl4XtA6tlXtA2) 
40 READ INPUT TAPE lPTtlutUltTl 

lFlD-Dl)25tl5t25 
15 lf(T-TlJ25t20t25 
25 DO 30 l=lt2l 

REAO iNPUT TAPE IPTt35tJUNK 
35 FORMAT(14) 
30 CONTINUE 

GO TO 40 
20 BACKSPACE IPT 

T1M=24e0 
KL.lcl 
K.L.2=2 
KK.::a3 
KR2c4 
K.Rlc!;> 
K=l 
IK=l 

65 READ INPUT TAPE IPTt4StKAtDATEtTlME 
45 FORMAT(l4tA6tlXtA2) 

READ INPUT TAPE lPTtSOtl0D(ltK)tVV(ltKJtl=lt2ul> 
~0 FORMAT(~4.0tF3e0tf4eOtf3eOt~4eOtF3~0tF4e0tfieOt~4•0tF3eOtF4eOtF3eO 

ltf4eOtF3e0tF4eOtF3eOtF4e0tF3tOtF4eOtF3eOJ 
IF<SENSE SWITCH 3)80t8~ 

80 WRlTE OUTPUT TAPE MPTt90tKL.ltKL.2tKKtKR2t~~ltKtlKt(UU'l•KltVV(ltKlt 
ll=lt20ll 

90 FORMAT(716/~l0Fl0e0)) 
85 IF<IK-5)60t55t55 
60 IK=IK+l 

K=K.+l 
GO TO 65 

5~ CALL F2(K.L.ltK.K) 
CALL F3(l) 
DO 7~ l=ltl4l 
ll•lPll) 
FOP(liJ=FD(l) 

75 FVP(ll)=FVCl) 
CALL. F4CFOPtFVPt00(ltKRl)•VV<ltKRl)) 
CALL. F3(2) 
CALL. F 4 (DO ( l t KK) t VV ( lt KK) t DO ( lt KR l) t •.• , ( 1 t KRl ) ) 
CAL..l. F ~d 3) 



KLl•KPSCKLl) 
KJ.2szK.PSCKL2) 
"K.•KPSCKK) 
KR2aKPSCKR2) 
KRl•KPSCKRl) 
K.•KRl 
GO TO 6S 
END 

!.uBROUTlNE Fl 
COMMON 0 
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EQUIVALENCE (0(707)tlP4(14l)tlP3(282)tlPl'42~)t1Pl(S64)alP(70S)t1P 

lT(707)tMPT(706)) 
DIMENSION 1Pll4l)tlPltl4l)tlP2l!4l)tlPltl4l)tlP4(l4l) 
READ INPUT TAPE lPTtl0t(lP(l)tlPl(l)t1P2(l)tlP3ll)tiP4llltl•ltl~l) 

10 FORMAT(SlS) 
IF(SENSE SWITCH 3)1St20 

15 WRITE OUTPUT TAPE MPTt25•<1P(l)t1Pl(lltiP2(1)tlP3(l)tlP4(l)tl•ltl4 
ll) 

2~ FORMAT(ll0,415tll0t415) 
20 RETURN 

END 
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SUBROUTINE F2CKltK2) 
COMMON 0 
EQUlVALENCE(0(2)tMPT(l)t1PT(2))t(0l2717)tD0(l00S)tVVt20l0)tiP4(2l5 

ll)tlP3<2292)tlP2<2433)t1Pl(2574)t1Pl2715))t(0<27laltTlM)t(0(3000)t 
2FV<l4l)tf0(282)) 

DIMENSION IP<l4l)t1Plll41)•1P2(14l)tlP3<14l)tlP4(l~lltD0<20lt5)t 
lVVC20ltSltU(20lt2)tV(20lt2)tFO(l~l)tFVtl4ll 
0•2•0*3·0 
RAD=Oe01745329 
K•K.l 
IK=l 

25 00 10 l=lt201 
lFlVV(I tK)-99e0)40t3~t40 

35 U(lt1KJ=999e0 
V(ltlK)=999eO 
GO TO 10 

40 U(ltlKJ=-VVll tK)*S!NFCDDCl tK)*RAO) 
V(ltlK)c-VV(l tK)*COSftDD(l tK)*HAO) 

10 CONTINUE 
lf(SENSE SWITCH 3)125t130 

12~ WRITE OUTPUT TAPE MPT•l35tKtlKt(U(ltlK)tVClt1K)tl=lt20ll 
135 FORMAT(2I6/Cl0fl0•5)) 
130 1FtiK-2)20tl~tl~ 
20 K=K2 

IKrz2 
GO TO 25 

15 DO 30 1Gltl41 
IlclPtll 
Il•IPl(l) 
I2•IP2CI> 
l3•1P3(1) 
14•IP4<1~ 
IFCU(lltll-999a0)45t75t7S 

4S IFtUtllt2)-999e0)50t75t75 
50 JF(U(llt2l-999e0)55t7St75 
55 IF(U(l2t2)-999e0)60t75t7S 
60 1F(U(l3t2l-999e0)6~t7St7S 
65 IFCU(l4t2l-999a0)70t7~t75 
75 FD(ll=999e0 

FVl1)•99.0 
GO TO 30 

70 DUDX=(U(l3t2)-U(llt2).)/0 
OUOY=(Ut14t2)-U(12t2))/0 
DVOX=(V(I3t2)-Vlllt2))/D 
DVDY=(V(l4t2l-V(12t2))/0 
DV0Ta(V(11t2l-Vllltl))/TIM 
OUOT=CU(ll~2)-U(lltl)l/TlM 
DE=OUDX*DVOY-DUDY*DVDX 
CX•(OUOY*DVDT-DVDY*DUDT)/OE 
CY•(DVDX*DUDT-DUDX*DVDTl/OE 
lFlSENSE SWITCH 2ll40tl45 

140 WRITE OUTPUT TAPE MPTtl50tltlltllt12tl3tl4tOUOXtOUDYtDVDXtDVDYtDVD 
lTtDUDT;~:Ji•CXtCY 

1~0 FORMAT<6l6/9Fl0o5) 
145 OUOT~(-CX*DUDX-CY*DUOY>*TIM 

OVDT~(-CX*DVDX-CY*DVDY)*TIM 



UF•Utl1t2)+0UDT 
VFaV(llt2)+0VDT 
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IF(SENSE SWITCH 2)155tl60 
155 WRITE OUTPUT TAPE MPTtl6itDUC,ttDVDTtUF•VF 
16S FORMATl4FlO•S' 
160 FV(llaSQRTF(UF*UF+VF*Vf) 

lF(VF)60t85t80 
8~ lfl~F)90t95tlOQ 
95 fO(l)•OoO 

GO TO 30 
90 F0(1)•90.0 

GO TO 30 
100 FD(1)•270.0 

GO TO 30 
80 FOCilaATANF(UF/VF)/RAD 

lFtUF)llOtlOS•lOS 
110 1F,VF)30tll5tll5 
115 FO(l)•FDtlt+lAO•O 

GO TO 30 
105 lF(Vf)l20t!l~•ll~ 
120 FOtl)•FOtl)+360aO 
30 CONTINUE 

JF(SENSE SWITCH 2ll70tl75 
170 WRITE OUTPUT TAPE MPTtl8~•lr0(l)tFV(l)tl•ltl4ll 
180 FORMAT(l0Fl0e2) 
175 RETURN 

END 
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SUBROUTINE F3(1) 
COMt~ON 0 
EQUIVA~ENCE(0(3000)tFV(l4l)tF0<282))t(0(3003JtTlME(2)t0ATE(3)tKA(l 

1 a J t ( 0 ( 2 ) t MP T ) 
DIMENSION FO(l4l)tfVll4l)tND<l41JtNV\~4l) 
1Fl1-2)70t75t80 

70 WRITE OUTPUT TAPE MPTtlOtKAtUATEtTIME 
10 FORMAT(lHll4tA8tA3tl7H.24 HOUR FORECAST/II////) 

GO TO 85 
75 WRITE OUTPUT iAPE MPTtlltKAtDATEtTlME 
11 FORMAT(lH114tAStA3t43H DIFFERENCE B~TWE~N ACTUA~ MAP AND FORECAST/ 

11111/1) 
GO TO 85 

80 WRITE OUTPUT TAPE M~r•l2tKAtDATEtTIME 
12 FORMAT(lH1I4tA8tA3t26H OlffER~NCE BY PERSlSTENCE///////1 
as oo 90 1;1•141 

NO( 1 )afD( 1) 
90 NV(l)cfV(l) 

WRITE OUTPUT TAPE MPTtlSt NO(l)tNVll) 
lS FORMAT(30Xtl4tlH/l3///) 

M8la3 
MB2=10 

25 WRITE OUTPUT TAPE MPTt20•CNDCl)oNV(l)tl~MBltM82) 
20 FORMAT(17Xt7(14tlH/l3t5X)tl4t1H/13///) 

MBlr:MBl+l6 
MB2aMB2+l6 
1FlMB2-l22>25t25t30 

~0 WRITE OUTPUT TAPE MPTt35tCND(lJtNV(llti=l3ltl32l 
35 FORMAT(35Xt35Xt25Xtl4tlH/13t5Xtl4tlH/13) 

WRITE OUTPUT TAPE MPTt40tKA 
40 FORMAT(lHll4///////) 

WRITE OUTPUT TAPE MPTt4StN0(2)tNV(2) 
45 FORMATl30Xt30Xt35Xtl4tlH/l3///) 

MBlall 
MB2a:l8 

SS WRITE OUTPUT TAPE MPT•50~(N0(l)~NV(.l)~lmM~ltM~2) 
SO FORMATt4Xt7(l4tlH/l3tSXat14•lH/la///) 

MBlcMBl+l6 
MB2::Mti2+16 
1F(MB2-l~0)55t55t60 

60 WRITE OUTPUT TAPE MPTtSOtCND(l)•NV(lltl=l33tl40) 
WRITE OUTPUT TAPE MPTt65tND(l4l)tNVll4l) 

65 FORMAT(4Xtl4tlH/13) 
RETURN 
END 
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SUBROUTINE f4(f0PtfV~tU~tVV) 
COMMON 0 
EQUIVALENCE (0(l43)tl~<l4l))t<0<3000)tfV<l4l)tfU<282))t(U(2)tMPT) 

DIMENSION fDP<20l)tFVP<20l)tVV<20l)tDD<20l)tlP(l4l)trD(l4l)tfV(l41 
1) 

lftSENSc SWITCH 4)30t35 
30 WRITE OUTPUT TAPE MPTt40t<FDP<llt00(l)tFVP<l>tVV<l)tlalt20l> 
40 FORMATl8Fl0.5) 
35 DO 10 I=ltl4l 

JlaiP(l) 
1f(FDP<11)-999.0)20tl~tlS 

20 IF<DD<11)-999.u)25tl~tlS 

25 lF(ABS~<DD<lL)-fuP(ll))-l80•0)65t65t60 
6 0 1 F < OD ( 11 ) -FOP< 11 ) ) 7 0 t 1 ~ t 7 5 
70 DDl11)=00(11)+360.0 

GO TO 65 
75 FOP(ll>=FOPCll)+360eO 
65 FO(l)s:DD<ll)-FUP(ll) 

fV(l)=VV(ll)-fVP(ll) 
GO TO 10 

15 FO(I>=99~.o 
FV(l)a99.0 

10 CONTINUE 
lFlSENSE SwiTCH 4)4~t50 

45 WRITE OUTPUT TAP~ MPTt5St(~U(i)trV(l)tlcltl4l) 
55 FORMAT,l0fl0e5) 
SO RETURN 

END 

FUNCTION KPS(K) 
KPS=K+l 
lf<KPS-5)ltlt2 

2 KPS=KPS-S 
l RETURN 

END 
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Program "FCST3 11 uses the kinematic.method to compute a 12 hour forecast from a 24 
hour forecast by using % Cx and % Cy. The input data may be either unsmoothed or smoothed. 
Subroutines Fl, FJ, F4, and function KPS are the same as listed for program "FCST2". 

' 

Compute U & V components 
for all grid points on 

map and 24-hour 

FLOW DIAGRAM 

Use grid point from current 
p and 24-hour old map IGo to next I 

lus 4 surrounding points •~<~------~~rid point 
of current ma 

No 

Compute forecast U & V 
hy kinematic method for 
24-hour forecast, but 
Use \ CX and % C to 
obtain interpolared 12-
hour forecast 

Yes Recompute DD & VJ 
~------~lfrom forecast U & V 

Find differences between 
actual (12-hcur) map and 
current ma? for each gri· 
point 

J 
Print differences in grid 
format 
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SYMBOL DEFINITIONS 

All symbols are the same as those used in the corresponding subroutines or the main 
Program for 11FCST2 ". 
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C FCST~ 
COMlw\ON 0 
DIMENSION 0(3100) 
EQUlVA~ENCE<Ol2)tMPT(l)tlPT(2))t(0(2717)t00(100S)tVV,~Ol0)tlP4(2lS 

ll)tlP3(2292)tlP2(2433)tlPll2574)tlP,27lS))tl0(271SltTlM)t(0(3000)t 
2FVC14l)tf0(282))t(0(300l)tKA(lltTlME(2)tOATE<3)) 

DIMENSION VV(20lt5lt00(20lt5)tlP(l4l)tlP1<14ll~IP2<14l)tlP3<l4l)t 
liP4Cl4lltf0(l4l)tfV(l4l)tFOP(20l)tfVP(20l) 

IPTa5 
MPT=6 
DO 70 l;:lt201 
FOP<I.a:::999e0 

70 FVP(I):99e0 
CALl... fl 
READ INPUT TAPE ~tlOtDt.T 

10 FORMAT(4XtA6tlXtA2) 
40 READ INPUT TAPE lPTtlOtOltTl 

lf(0-01)25tl5t25 
15 JFlT-ll)25t20t25 
25 DO 30 l~lt2l 

READ INPUT TAPE lPTt35t~UNK 
35 FORMAT(l4) 
30 CONTINUE 

GO TO 40 
20 BACKSPACE lPT 

TlM=24eO 
Kll;:l 
KL2c2 
KKc:3 
KR2=4 
KR1=5 
K~:tl 

lK=l 
65 READ INPUT TAPE IPTt4StKAtOATEtTlME 
45 FORMAT(l4tA6tlXtA2) 

READ INPUT TAPE lPT~50t(00\ltKltVV<ltKltl•l•20l) 
50 FORMAT<F4eOtF3eOtF4eOtF3eOtF4e0tf3e0tF4e0tf3eOtf4eOtf3eOtF4.0tF3oO 

ltF4.0tf3.0tF4eOtF3eOtF4•0•f3•0•F4•0•f3•0) 
lf(SENSE SWITCH 3)80tS5 

80 WRITE OUTPUT TAPE MPTt90tKLltKL2tKK•~R2tKRltKt1Kt(00(ltK)tVV(lt~)t 
ll=lt20l) 

90 FORMATC7I6/(l0Fl0e0)) 
as lf(IK-5)60.55•55 
60 IK::lK+l 

KQK.+l 
GO TO 65 

5S CALL F2(~LltKK) 
CALL. F3(ll 
DO 75 1•ltl4l 
Il:zlP(l) 
FDP(ll)aFOll) 

75 FVP(ll>~FVll) 
CALL F4(FDPtFVP•DD(ltKRZ)tVV(lfKR2)) 
CALL. F3C2) 
CALL F4(00(ltKK)tVV(ltXK)tDOtltXR2ljVV(loKR2)) 
CALL F3C3) 



KLlaKPS,K.l.l) 
IC.1.2aJ<:.PS(X.L2) 
KKaKPSCKK) 
K.R2•KPStKR2l 
X.RlaKPS(KRll 
K•K.Rl 
GO TO 65 
END 
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SUBROUTINE F2,KloK2) 
COM~ON 0 

.. 115-

C::QU I VAl.ENCE ( 0 C 2) •1-'t.?T t 1) •IPT '2)) ~ ~ 0 ( 2717) o.OO t 1005) o VV ( 2010) t I.P4!.:;.:..J. 
11 ) tl P 3 ( 2 2 9 2 ) e. I P 2 ( 24 ~ 3 ) .. 1 P 1 C 2 ~ 7 4 ) •1 P ' 2 71 S ). ) t ( 0 C 2 7la l 'T I M J • ( 0' ~ ~~ ~ a. 
2FVC141lPF0(262)~ 

OlMENSION IPCl4l)tlPl(l41)~lP2(141)•1~3(14l)•lP4l14l)a0Dt20l•~)t 
lVV(20lt5)tUl20lt2)tV(20lt2ltfOll~lltFVCl4l) 

D•2o0*3o0 
RAOaO.Ol745329 
K•K.l 
IK•l 

2~ 00 10 Ialt.20l 
lFCVVCI tK)-99eOl40t3St40 

35 UCltlK)K999.0 
VCltiKl•999.0 
GO TO 10 

40 UCltiK)=-VV(l tK)*SlNF(ODCI tK)*RAD) 
VlltlK)a-VV(I tK)*COSFCOO(l t~)*RADJ 

10 CONTINUE 
IFCSENSE SWITCH 3)125tl30 

1~: WRITE OUTPUT TAPE MPTtl35t~tlKt,U&lt1KltVl1tlKJtl•lt201J 
135 FORMATl2l6/llOflO•~)J 
l3C lf(1K-2l20tl~tlS 
20 K•K2 

1K•2 
GO TO 25 

lS DO 30 1=1•141 
Il=lP(l) 
ll•lPl(l) 
12=IP2(1) 
l3c:IP3<1) 
l~•lP4(1) 

lF(UtlltlJ-999e0)4St7St7S 
45 1F(U(llt2)-999e0)50t7St7S 
50 lF(U(llt2)-999oO>SSo75t75 
55 lftU(l2t2l-999o0)60t7St7S 
60 1F(U(l3t2l-999o0l65t75t75 
65 lf(U(l4t2l-999•0l70t7St7S 
75 '=OIJ)a999e0 

FV(l)•99•0 
GO TO 30 

70 )UDX~(U(l3t2)-U(llo2)J/D 
DUDYa(U(l4t2l-UCl2t2))/0 
DVOXc(V(13t2l-V(1lt2))/0 
OVOYP(V(l4t2)-Vll2t2)J/D 
OVOTa(V(l1t2l-V(11tl))/TIM 
OUOT=CU<llt2l-U(l1•l)l/T1M 
OE•COUOX*OVOY-OUDY*DVDXl*2•0 
CX•(DUDY~DVDT-DVDY*OUDT)/DE 
CYa(DVOX~DUOT-DUDX*DV~7!JD~ 
lf(SEnSE S~·llTCH 2Jl404l/~5 

140 ~~liE OUTPUT TAPE MPTol50oloi1tllol2ol3ol4tOUOXoDUDYoOVOX•CVDV~~~O 
lToOUOToDS~cx~CY 

150 FORMAT(616/9Fl0o5) 
\45 OUDT=(-CX*DUDX-CY*DUDY)~TJM 

CVOfa(-CXi!>OVD.X-CY~DVDY)vT1M 



UF•U<11t2)+0UDT 
VF•V(llt2)+DVOT 
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lf(SENSE SWlTCH 21155~160 
1~5 WRITE OUTPUT TAPE MPTtl6StDUDTtOVOTtUFtVF 
165 FORMAT<4fl0.5) 
160 FV(l)aSQRTFCUF*UF+VF*Vf) 

IFCVF)80o85t80 
85 1FlUF)90o9StlOO 
95 FO(l)•OeO 

GO TO 30 
90 FD(l)•90e0 

GO TO 30 
100 F0(1)•270eU 

GO TO 30 
80 FOll)=ATANF(UF/Vf)/RAO 

IFCUF)llOtlO~olOS 
110 1FlVF)30tll5tll5 
llS FDCl)~FD(l)+lSOeO 

GO TO 30 
lOS lf(Vf)l20tll5tll5 
120 FO(I)cf0(1)+360e0 
30 CONTINUE 

lf(SENSE SWITCH 2ll70tl75 
170 WRITE OUTPuT TAPE MPTtl80t,F0(1)tfV(l)•l•ltl4lJ 
lSu FORMAT(l0rl0e2) 
175 RETURN 

END 
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Apeendix 6: Programs for 12 and 24 hour forecasts with smoothing. 

Program "FCST4" uses the kinematic method for computing a 24 hour forecast. The 
forecast is smoothed by scanning for maxima and minima. The input data may be either 
unsmoothed or smoothed. Subroutines Fl, F2, F4 and function KPS are the same as listed 
for program "FCST2", Appendix 5. 

rna 

grid point from current 
ap and 12-hour old map plus 

surroundin oints of current rna 

FLOW DIAGRAM 

Yes Start with 
~--~first line of 

forecast 

ind all maxima and 
ompute forecast U & V inima where each 
y kinematic method fo~--------------------------~ 

24-hour forecast r-----------------------~successive maximum 
nd minimum must be> 

10 m s a art 

Find all maxima and minima for 
the corresponding line of the 
current map where each successiv 

aximum and minimum must be>lO 

educe forecast maxima and 
.. , f_l·· tma to current maxima and 
! 
~\~li.>lma and adjust intermediate 

oints corres ondin 1 



(1) 

Recompute DD & VV 
from forecast U & V 

Find differences between 
actual (24-hour) map and 
forecast map for each gri 
point 

- 118 -

SYMBOL DEFINITIONS 

ind average of absolut 
alue of differences 

Find differences between 
actual (24-hour) map and 
current map for each gri 
oint 

ind average of absolute 
alue of differences 

differences and 
e in rid format 

(2) 

(( All symbols used in the main program, in subroutines Fl, F2, and F4, and in function 
p~S are the same as those defined for "FCST2", Appendix 5. Symbols used in subroutines 

and FS are the same as in "FCST2" with the addition of the following symbols • 

SUBROUTINE FJ 
Others: 

1, SFD - average of absolute value of differences between actual and forecast 
directions 

2. 

3. 

SFV - average of absolute value of differences between actual and forecast 
speeds 

SDV - number of differences computed 
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SUBROUTINE F 5 
Others: 

1. FMAXU - maximum U component 
2. FMAXV • maximum V component 
3. IU • subscript locating FMAAU 
4. IV - subscript locating FMAXV 
5. FMAXUO - first maximum U component on line 
6. FMAXVO - first maximum V component on line 
7. FMX - maximum values on line 
8. IMX - subscripts locating FMX 
9. FMI - minimum values on line 
10. IMX - subscripts locating FMI 
11. FMXO - saves maximum values on line 
12. FMIO - saves minimum values on line 
13. FDS - saves smoothed U components while V components are smoothed 

COMPUTER TIME 

24-hour forecasts of LMW winds with scanning procedure consume approximately 
6 seconds per map. 
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' FCST4 
COMMON 0 
DIMENSION 0(3100) 
EQU1VAL.ENCEl0(2)tMPTll)t1PTl2))tCOl2717)t00(1005)t.VVl20l0l•lP4(2l!l 
ll)tlP3(2292)tlP2(24~3)t1Pl(2~74)tlPl27lS))t(0(2718)t1I~ltl0(~000lt 
2FV(l4l)tFOl282))tCOl3003)tKAClltT1MEl2ltDATE(3)) 

DIMENSION VV(20lt5)tD0(20ltSltlP(l4lltlPlCl4lltlP2ll4l)tlPa'!~l)t 
liP4(14l)tf0(14l)tfV(l4l)tf0P(20l)t~VPC~01) 
lPT•~ 
MPTa6 
DO 70 I=lt201 
FOP(ll•999e0 

70 FVPC1l~99e0 
CAL.L Fl 
READ INPUT TAPE 5tlOtDtT 

10 FORMAT(4XtA6tlXtA2l 
40 READ INPUT TAPE lPTtlOtOltTl 

lf(D-Dl)25t1St2S 
15 1FCT-Tl)25t20t25 
25 DO 3u Ialt2l 

READ INPUT Tl ~ 1Pft3Pt~UNK 
35 FORMATC14) 
;,o CONTINUE 

GO rr· ~o 

20 BACKSPACE lPT 
T1M=24•0 
KLl•l 
KL.2=2 
KK=3 
KR2a4 
KR1•5 
K•l 
lKal 

65 READ INPUT TAPE lPTt4PtXAtOAT~tT1ME 
45 FORMAT(l4tA6tlXtA2) 

READ INPUT TAPE lPTt50tl00(ltK)tVV,ltK)tl=lt20ll 
SO FORMATlF4eOtF3eOtF4.0tF3.0tF4eOtF3•0tF4e0tf3•0tf4e0tF3•0tF4eOtF~.u 

ltF4.0tF3eOtF4.0tF3eOtF4eOtf3eOtf4eOtf3e0) 
lFlSENSE SWITCH 3)80t8S 

60 WRITE OUTPUT TAPE MPTt90tKLltKL2tKKtKR2tKRltKtlKtt0D(ltK)tVV(ltK>• 
1I=lt20l) 

90 FORMATC716/(l0Fl0.0)) 
as lf(1K-5)6o,ss.s~ 
60 lK=lK+l 

K=K+l 
GO TO 65 

55 CAL~ f2(KLlt~KJ 
CALL fSlKKl 
VMS•OeO 
CALL. F3(ltVMSl 
00 75 l=ltl4l 
IlaiPll) 
FOPClll=FO(l) 

75 FVP(ll)afVCl) 
CAL.L F4CFDP•FVPtOO'l•~Rl)tVVlltKRlltVMS) 
CAL.l. f3(2tVMSl 
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CAL.L F4 COD ( ltK.~) tVV ( ltK.X.) .tPO' lti(JU) tVV t lt~l) tVJ'IlS} 
CAL.L. F3l3•VMSl 
KLlaKPS(K.Ll) 
~~~ .. 2•KPS l K.L.2) 
~~·KPSCKK) 
K~2F1K.PSCKR2l 
~RlmK.PS(KRl) 
l(.aK.Rl 
GO TO 65 
~HO 



70 
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75 
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80 
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d~ 

90 

1~ 

25 
20 

30 
35 

60 

• '0 
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SUBROUTINE f3(lltVMS) 
COMMON 0 
EQUlVAL~NCE(0(3000)trVll4lltfO(~b2))t(0(3003)tTli~E(2)tOATE(i)tKA(l 

1 ) ) t ( 0 ( ~ ) t MP T ) 
DlMEN~lON ~~(l4l)t~V(l4l)tNUll41)tNV(l41) 

lf(l1-2)70t75td0 
wRIT~ OUTPUT TAPE MPltlOtKAtDATEtTLME 
FOHMAT(lHli4tA8tA3tl7H 24 HOUR FOR~CAST/1/////) 
GO TO ts' 
WRITt ~UT~UT TAP~ MPTtlltKAtDATEtTlME 
FORMAT(lhl14tAdtA~t43H DIFfERENCE B~TWEEN ACTUAL MAP ANO FORECAST/ 

11/////) 
GO TO 65 
WKITE OUTPuT TAPE MPTtl2tKAtDATEtTlME 
FUHMAT(lrlll4tA~tA3t2bH OlFFER~NC~ SY PERSISTENCE///////) 
DO ~0 ~·ltl'+! 
NU( 1) ::fD( l) 
NV(i)::fV(l) 
WklTt. uUTPUT TAPE ~iPTtl5t ND(l).tNV(l) 
FuRMA1(3UXt14tlH/l~///) 

fvits 1:: ;j 
Mbi=lO 
WRIT~ OUTPUT TAP~ MP1t~Ot(N0(l)tNV(l)tl::~bltMd2) 

FOkMAT(l7Xt7(14tlH/l~t~X)tl4tlrl/13///) 

Mbl=Mbl+lo 
Mb£=1Ylb.l+l6 
lf(Mo~-l~£)~~•£5t30 
WK!it OUTPUT TAPE MPit~~t(Nv(l)tNV(l)tl•l3ltl3il 
FURMAT(35Xt35Xt~~~tl4tlH/l~t~Xt14tl~/lJ) 
Wkil~ UUTPuT TAP~ MPTt~OtKA 
fukt"IAT( lnJ.~41//////) 
W k & "f t. v u T ~ U r T A tJ t. 1•i P 1 t 4 ~ t N &) ( 2 ) t NV ( 2 ) 
F~kM~T(~~Xt~OXt~~Xtl4tlH/l3///) 

Mtil=ll 
Mn2=lo 
WRITE OUTPuT TAPE MPTt~Ot(ND(l)tNV(1)tl=MbltMb2) 
FvKMAT(4Xt7(14tlH/l3t5X)tl4tlH/l3///) 
M 8 1 :: i ... 1 o l + 1 b 
MS2=1'-tc2+ lb 
lf(Mb2-l30)55t55t60 
WRITE OUTPUT TAPE MP1t~Ot(N0(1)f~V(l)tl•llltl40) 
WRITE OUTPuT TAPE MPTt6StNC(l4lltNV(l~l) 
FORMAT(4Xtl4tlH/l3) 
Iftll-2>100tl0Stl05 
SFD=OeO 
SFV=Oev 
SDV=OeO 
DO 110 Iaaltl4l 
IFtFD(l)-999eO)ll5tllOtl15 
SFD=SFO+AtiSFtfD(l)) 
SFV"SfV+ABSf(fVil)) 
SDV=SL>V+leO 
CONTINUE 
SFO•SFO/SOV 
SFVsaSFV/SOV 
WRITE OUTPUT TAP~ MPTtl20tSFD~FV•VMS 
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120 FORMAT(///30Xt30X~30~t10XtF4eOtlH/F3aOtF10e3) 
100 RETURN 

ENO 



SUBROUTINE FSCKK) 
COMMON 0 
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fQUIVALENCE lOC2717)t00ClOu~JtVVC20l0)1~'0C3000)tFV(l4l)tf0(282)}t 
1(0Cl4l)tlP(l41)) 

DIMENSION VVC20lt5)t00(20lt5)tFV,l4lltF0(141)tUC14l)tVCl41Jtl~Cl4l 
l)tFMX0(18)tFMIOC18)tFMXC18)•NC18ltlMXC18ltFMIC18)tlM11lS)tFOS(141) 
2tK.l(l8) 
3t1JOClS)tlJ(l.8) 

RAD•O.Ol745329 
DO 10 1•ltl41 
IFCFOCI)-999e0)100tl05tl05 

lOS FVCIJ•999e0 
GO TO 106 

100 0•-FVCll*SINFCFO(l)*RAO) 
FVCl)a-fVCI)*COSf(FQ(l)*RADl 
FO(J)•O 

106 ll•lPCl) 
IFCODClltKK)-9Y9•0lllOtll~tllS 

115 U(l)a999e0 
V(l)•999e0 
GO TO 10 

110 UCila-VVCIItKK)*SINFCOOCIItKK)~RADJ 
V(l)•-VV(llt~~)~COSFCOOCiltKK)*RAO) 

10 CONTINUE 
IFCSENSE SWITCH 5)600t610 

600 WRITE OUTPUT TAPE 6t60StC~~(,)tFDCIJ•V(I)t~VClltl•ltl4l) 
605 FORMATC4FlOeS~ 
610 IU•l 
2050 IFCFOCIU)-999.0)2040t204St2045 
2045 IU•IU+l 

GO TO 2050 
2040 FMAXU=FOCIU) 

FMAXVcFVllUJ 
IV•IU 
J•IU+l 
DO 15 l•Jtl4l 
IFCFDCIJ-999•0)16t15,15 

16 IFCABSFCFMAXU-FOCJ)~J20t2StlS 
20 FMAXU•FO(l) 

IU•I 
25 IF(ABSF(FMAXV-FVll)IIZOtl5tl~ 
30 FMAXV•FVCl) 

IV• I 
1S CONTINUE 

J•l 
2065 lFCU(J)-999e0l2060t20SSt2055 
2055 '-'"J+l 

GO TO 2065 
2060 FMAXUOr:aU(J) 

FMAXVO•VCJ) 
JaJ+l 
DO 3~ 1•J•l4l 
1FCUCl)-999.0)36,35t3S 

36 1 F ( ABSF ( F l·i,\XUO-U.( 1.) ) J 40 ~ 4S t 45 
40 FMAl,UOaU ( 1) 
~5 lFCABSF(fHAXVO-VCll))~Ot35t3S 



50 FMAXVO•V(l) 
35 CONTINUE 

IJKl•O 
305 MBla3 

MB2•18 
265 l.JK=O 
175 DO 1450 IcltlS 
1450 N(l)•O 

K•l 
lcMBl 
L•l 

75 lF(U(1)-999.0)60t55tSS 
55 I•I+l 

IFCI-MS2)75t75tlSO 
60 GO TO 61 
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61 IF(U(,+l)-999.0)62t55tSS 
62 1FCU(l)-Ufl+l))9~•6St65 
65 IJ(K)•l 
140 FMX(K.)cU(l) 

IMX(t<-)•I 
85 NCK)aN(K)+l 

I•l+l 
IFC1-M62)70t8Zt82 

82 L.•l 
GO TO 90 

70 IFCUC1+ll-999.0)80t8lt81 
81 l.•2 

GO TO 'iO 
80 lf(U(l)-U(l+l))9ltSSt85 
91 l.e&3 
90 FMl(K)cU(l) 

lMlCK)al 
N(K)aN(K)+l 
KaK+l 
lF(U(l+l)-999•0)2010t201Pt20l; 

2015 1•1+1 
1f(l-MB2)2010tlSOtl50 

2010 GO TO (lSOt75t7S)tL 
95 lJ(K)=O 
120 FMl(K)=U(l) 

IMl(K)=l 
130 Nl.K)uN(K)+l 

Ial+l 
lf(l-~P~ l~~tl47t147 

147 l•l 
GO TO 13S 

125 1F(U(l+l)-999•0)l45t1~6tl46 
146 L.•3 

GO TO 135 
145 IF(U(l+l)-U(ltJl36tl30tl30 
136 L•2 
13 5 F MX (1{. ) • U ( I ) 

lMXCK)•l 
N(K)•N(Kl+l 
K•K+l 
1FCU,1+l)-99~•0)2000t2005•2005 
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2005 I:I+l 
lf(l-MU2)2000tl50tl~O 

2000 GO TO (150t75t75lt~ 
150 K=K-1 

11=0 
1FtFMX(ll-FMl(l)-lUe0)3000t300St300~ 

3000 IF(IJ(l))30l0t30l0•30l~ 
3010 IJ(l);l 

FMX(l)=fMl(l) 
lMX(.i.)=lM1(l) 
GO Tv ;;oo!) 

i0l5 IJ(lP=O 
F M 1 ( l ) = t- i"l X ( l ) 
IMitl>=lMX(l) 

3005 K2=0 
oo ;:,o~o I=.z,,.;. 
1FCFMX(l)-FM1(1)-10e0)3019t302St302S 

3025 K2=K2+l 
Kl(K2)=I 
GO TO 3v20 

3019 &Ft1-K)3v~Ot30lijt3020 
3018 Il=l 
3020 CONTINUE 

Kl=K2+ll 
1F(Kl)3022t~022t302l 

3021 1FliJlllJ303~t30jOt30~~ 
3030 K2=l 

II=Kl(K.2) 
F MX ( l ) = t f\'iX ( ll ) 
I MX C l ) :; laviX ( ! I ) 
Jc2 

3050 lf(l-~l)3U40t3V40t~060 
3040 lJ(l)=l 

F MX t 1 ) ; t- '"'X ( 1 1 ) 
1 MX ( 1 ) = 11"1 X ( 1 l ) 
K2-=K2+l 
1F(K2-K1l304.A.t3065t306~ 

3041 I 1 =K 1 U<.~) 
F M 1 ( 1 ~ = f ivi l < 1 l ) 
1MlC1)=1Mlli1J 
I•l+l 
GO TO 3v5!:P 

303: K2:::1 
ll=KllK2l 
FM1(1)=fMllll) 
1Ml(l);lM1Cl1) 
1•2 

3055 1F(l-K1l304~t304St306~ 
3045 lJ(l)=O 

FMl(l)cfMl(ll) 
lMl(l)alMlCll) 
K2cK2+1 
1F(~2-Kl)3046•3060t3060 

3046 IlaKlCK2) 
FMX(l)•fMX(ll) 
lMXtl.•lMX111) 



3060 

3065 

3069 
3070 

3022 
155 

165 

170 

161 

160 
180 
185 
235 

210 
205 

2030 

191 
190 
2035 

195 
200 

225 
220 

2020 

ll6 
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1•1+1 
GO TO 3050 
F MX ( 1 ) = F ~iX ( K. J 
IMXC11•1MXCK.) 
GO TO 3069 
FMICli•FMl(K) 
lMl(l)•lMl(K) 
DO 3070 lct1eK.l 
N(l)•XASSFClMXCll-lMl(ll)+l 
K•Kl 
lf(lJK)lSStl55tl61 
lJK•1 
oo 16~ 1•1•" 
FMXOCl)•fMX(l) 
lJO( ll•1J(1) 
FMlO(l)•fMlCll 
KO•K. 
DO 170 laMBltMSZ 
U(l)•FDll) 
GOTO 175 
Kl•l 
K2al 
lf(1J(Kl))245t24Stl80 
lfllJ0lK2))240t240tl8i 
GO TO 235 
FN•NlK.l) 
ll•IMX(Kl) 
12•1Ml(Kl) 
lFClMX(Kll-lUl20St210t205 
FMXO(K.2):afMAXUO 
FD(ll);;fMXO<K2) 
FDC12)•fM10CK2) 
11•11+1 
12•12-1 
1FC1l-12J2030t2030t203~ 
DO 190 l•lltl2 
lf(f0(i)-999e0)19lt2035t~035 
Fl~:al-11+2 

F 0 l 1 ) af D ( ! ) + ( F M 1 Q C K2 a-rM 1 C K l. ) ) * F J IF N- ( F M.X ( Kl ) -f ~X" i ~2 ) l * ( F N-f I·~ IF N 
K..cKl+l 
K2:~~K.2+l 

lf(Kl-K)l9Stl95t260 
lFCK2-KOI160t160t260 
FNs:r.NCK.l) 
ll•lMlCK.l) 
12•1MXCK.l) 
1FC1MXCK.li-1U)~20t225t220 
FMX0(K2)afMAXUO 
FDl11J:FMIOlK2) 
FOC12)afMXO(K.2) 
ll•ll+l 
12a12-l. 
1F(ll-12)2020t2020t202S 
DO 215 Ia:lltl2 
lF(f0(ll-999•0)216•202Sf2025 
Fl•l-11+2 
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215 FO(l)=fOll)+(fM10lK2)-fMllKl))*lFN-fl)/FN-(FMX(K1a-FMXO(K2))*Fl/fN 
.202~ Kl,.Kl+l 

K2=K2+l 
lf(Kl-K)230tl30t~o0 

230 1FlK~-Ku)l60tl60t260 
240 K.l:;;Kl+l 

lF(~l-K.)loOtloVt~bU 
245 1f(lJ0(~2))2~0t250t2~5 
250 GO TO 2v0 
255 Kl=~.i.+l 

1F<~l-~)loOtlbvt260 
260 MBl=t~bl+lb 

MB2=i .. \b, .... lo 
IF(Mo2-ll0)26St26~t~f0 

2 7 0 1 f ·( Mt.) 4::- l :> o.) :.! I S t 'o 0 t 'o 0 
27!> MB2:.;J."+0 

GO TO 2o!) 
280 lf(lJ~~)~~ut,7Ut~O~ 
.t90 lJtc..l;:j, 

DO -'o~ i=ltJ.4l 
F OS ( 1 ) = r u ( l ) 
FDC1)a:rV(!) 

285 U(l)=V(i) 
FMAXUv=r t•iJ.Il/\ VO 
IU=lV 
Gv lu .,v:,; 

300 00 31~ i=lt141 
r-·V(l)=rulii 

~10 fvll)=rv~\i) 

lf(~~N~~ ~w•ICn ~)6l~to20 
bl~ wRlYt vuTFvf fA~~ Ofb2~t(fQ(l!tFV(l)tl=l•l~l) 
625 FORMAl(~~lOe~) 
620 DO ~.i.~ l=.i.tl~l 

lf(~U(l)-999eU)i20til~~32S 
325 FV(l)='l9•0 

GO lv 31~ 
3~0 UF=Fu(!} 

VF=FV(l) 
fV(l)=SwRl~lVf*Uf+VF*V~) 
IF1Vf)~ovt48~t~~O 

4o~ lflUf)4~ut~~~~~OO 
4~~ fu(l)=v.o 

GO Tu 31!> 
49o- FiJ(lJ=<io.o 

GO TO 31~ 
~00 FD<1J=270.0 

GO TO 315 
~80 FO(Il•ATANFCUF/Vti/RAO 

lf(Uf)510t505t505 
510 1t(Vf)3l5t~l5t~l5 
Sl5 FD(l)•FOC1)+180.0 

GO TO 315 
SOS lF(Vf)520tSl~t~1~ 
520 FD(lJ=f0(1)+360•0 
315 CONTINUE 

RETU~N 
r=;:n 
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Program "FCSTS" computes a smoothed 24 hour forecast as in "FCST4" and then computes 
12 hour forecast as the average value of the current map and the 24 hour forecast map. 
1broutines Fl, F2. FJ and F4 and function KPS are the same as listed for program "FCST2", 
1pendix 5. Subroutine F5 is the same as listed for program "FCST4". 

ompute U & V 
cmponents for 
11 grid points 

Use grid point from current 
ap and 24-hour old map plus 
surrounding points of 

current rna 

No 

Compute forecast U & V by 

FLOW DII'> ·~AM 

No 

~--~Start with firs 
line of forec::.ss 

Find all maxima and minima 
here each successive 

must be> 

!nematic method for 24- ~-------------------
our forecast ,-~----------------~--m-i_n_i_m_a __ f_o __ r __ t-·h-e--~ 

orresponding line of the curre~t 
~up where each s~ccessive moximum 
~nd minimum must be)lO mpa ap~rt 

~-~Reduce forecast maxirr,a ar.ri minirr.a 
to current maxima and minima .snd 
adjust intermediate points 
c::~rL"cc;;:,or,c:l i n~ly 

I .. ---.----------------------------- ·-·---·...1 
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ind differences between 
actual (24-hour) map and 

map for each grid 
oint 

rint differences in 
rid format 

first forecast 

r-------------------~·Compute 12-hour forecast for DD & VV as 
(current wind + 24-hour forecast wind) 

to next No 

forecast grid ~------------------~ 
oint 

· '!lfferences between actual 
·,,,r) map and current map 

. ,,.h · _· grid point 

-----...: ____ __ 
··:nt differences 

·-· rjd format 

Print 12-hour 

between actual 
and forecast map 
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SYMBOL DEFINITIONS 

All symbols used in the main program, in subroutines Fl, F2, F3 and F4 and in 
function KPS are the same as those used in the corresponding subroutines, function 
or main program of 11FCST2", Appendix 5. All symbols used in subroutine F5 are the 
same as defined for "FCST4". All symbols used in subroutine F6 have been defined 
in the main program of ''FCST2". 
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C FCSTS 
COMMON 0 
OlMENSlON 0(3100) 
EQUIVALENCE(0(2)tMPT(l)tlPT(2JJ•COC2717)t00(100S)tVV(2010)tlP4(21S 

ll)tlP3(2292)tlP2(2433)tlP1(2574)tlPC271S)I•t0(271S)tTIM)tl0'3000)• 
2FV(l4l)tf0(282))t(0(3003)tKAll)tTIME(2)tDATEt3J) 
~lMENSlON VVl20lt5)tDOC20ltS)tlP(l4l)tlP1(.14l)tlP2(14l)tlPi(l4l)t 

1IP4tl41)tf0(14lltFVtl4l)tFDP(20l)tfVPC20l) 
IPT•S 
MPT•6 
DO 70 1clt20l 
FOP(l)a999eO 

70 FVP(1)==99e0 
CALL. Fl 
READ INPUT TAPE StlOtDtT 

10 FORMAT(4XtA6tlXtA2) 
40 READ INPUT TAPE lPTtlOtDltTl 

lF(D-Dll2Stl5t25 
15 1FCT-Tl)25t20t25 
25 00 30 I=lt2l 

READ INPUT TAPE 1PTt35tJUNK 
35 FORMATC14) 
30 CONTINUE 

GO TO 40 
20 BACKSPACE IPT 

TlM::r:24eO 
K.l.lal 
K.L2•2 
KK.•3 
KR2c4 
K.Rl•S 
K•l 
IK•l 

65 READ INPUT TAPE lPTt45tKAtDATEtTlME 
45 FORMATll4tA6tlXtA2) 

READ INPUT TAPE lPTt50tC00(ltKltVV(ltK.)tl•lt201) 
50 FORMAT(f4eOtF3eOtF4eOtF3eOtF4eOtF3e0tF4eOtF3e0tf4aOtf3eOtF4aOtF3eO 

ltF4eOtF3e0tF4eOtF3eOtF4eOtF3eOtF4•0tF3e0) 
lf(SENSE SWITCH 3)80tS5 

iO WRITE OUTPUT TAPE MPTt90tKLltKI.2tKKtKR2tKRltK.tl~tlDD(lt~)tVV(ltK)t 
ll•lt20l) 

90 FORMAT(716/tl0Fl0e0)1 
85 1f(lK-~)60tS~tSS 
60 lK.=lK+l 

K•K+l 
GO TO 65 

55 CALL F2CKLltKK) 
CALL FS(KK) 
CAL.L F3 I l) 
00 75 1=1•141 
ll•lP(l) 
fOP l 11) •FO ( 1 ). 

7~ FVPCll)~FV(l) 
CA~L f4(f0PtFVPtDDlltKRl)tVV(ltKRl)) 
CALL F3C2) 
CAb~ F4(DO(ltKKltVV(lt~K)tDDlltKRll•VV(ltKRl)) 
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CALL F3C3) 
CALL F6CFDPtFVPtDO(ltKK)tVV(lt~KJ) 
CAc..L F3(1) 
DO 100 l•ltl41 
11•1PC1J 
FOPCll.•fOll) 

~00 FVP(ll)=fVll) 
CALL f4lFDPtfVPtOO'ltKR2)tVV(ltKR2JJ 
CALL F3(2) 
CALL F4CDOCltKK)tVVCltKKlt0D(ltKR2)tVVCltKR2lJ 
CALL F3l3) 
KL.l•KPSCKLl) 
KL2=KPS(Kl.2) 
KK•:.I~PS C KK) 
KR2•KPSCKR2) 
KRl-=KPS(KRl) 
K•KRl 
GO TO 6~ 
END 

SUBROUTINE F6CFDPtFVPtDDtVV) 
COMMON 0 
EQUIVALENCE (0(l43)tlPC14l))t(0(3000)tfV(l4l)tfD(282)) 
DIMENSION FVC14l)tFD(l4l)tFDPC20l)tFVP(201)tODC20l)tVVC20l)tiPC141 
t 
DO 10 I 11 ltl41 
IlaiP(l) 
1FCFOP(11)-999e0)20tl5tl5 

20 lf(0D(ll)-999e0)2~tl~tl5 
25 1FCA~SrCOUC11)-fDP(ll>J-180a0)65t6~t60 
60 lf(00(11~-FDP(ll)J70t7~t 75 
70 00(11)•00(11)+360e0 

GO TO 65 
75 FOP(ll)•FDPl11)+360aO 
6S F0(1)•(00(ll)+fDP(ll))/2eO 

FV(I)•CVVC11>+FVPCllJJ/2er 
IFCf0(1)-360e0)10tBOt80 

ao FOCIJ•FDC1J-a6o.o 
GO TO 10 

LS FD(l)a999e0 
FV(l)c99e0 

10 CONTINUE 
RETURN 
END 
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Program "FCST6!~ uses the kinematic method for computing a 12 hour fcrecast. The 
forecast is smoothed by scanning for maxima and minima. The input data may be either 
unsmoothed or smoothed. Subroutines Fl. F2, F3 and F4 and function KPS are the same 
as listed for program "FCST", Appendix 5. 

8 
l 

~ead 2 sets dat~ 

1 (2) 

-. -------~~ead 1 set dat~ 

Compute U & V 
components for 
all grid points 
on current map 
and 12-hour old 
ap 

Use grid point from current 
map and 12-hour old map plus 
4 surrounding points of 

ompute forecast 
inematic method 
our forecast 

FLOW DIAGRAM 

Find all maxima and minima where 
r-------------------~each successive maximum and 

inimum must be>lO mps apart 

Find all maxima and minima for the 
corresponding line of the current 

ap where each successive maximum 
and mintmum must be>lO m s anart 

~--~\educe forecast maxima and minima to 
~urrent maxima and minima and adjust 
intermediate oints corres ondin 1 



(1) 

Find differences between 
ctual (12-hour) map and 

forecast map for each 
rid oint 

- 135 -

SYMBOL DEFINITIONS 

Find differences between 
actual (12-hour) map and 
current map for each 
grid point 

(2) 

All symbols used in the main program, in subroutines Fl, F2, F3 and F4 and 
function KPS are the same as those used in the corresponding subroutines, function 
or main program of ''FCST", Appendix 5. All symbols used in subroutine FS are 
the same as defined for ''FCST4". 



C FC5T6 
COMMON 0 
DIMENSION 0(3000) 
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EQUIVALENCE (0C2)tMPT(l)tlPT(2))t(0(191Z)o00(603)tVV(l206)tlP4ClZ4 
17)tlP3Cl488)tlP2Cl6291t1Pl(l770)tlPC19ll))o(0(1914)tT1MJ,(0(2196)t 
2FVC14lltFOC282))tCOC2200JtKACl)tTIMEC2)•0ATEC31J 

DIMENSION VVC20lt3)tOOC20lt3)tlPC14l)t1PlC14lltlP2ll4l)t1P3(14lle 
llP4Cl4lltFOC14l)tFV(l4lltFOPI201JtFVPC~Ol) 

IPT•S 
MPT•6 
DO 70 l•lt20l 
FOPCl) 11 999eu 

70 FVP C 1 P=99e0 
CALL Fl 
READ INPUT TAPE StlOtDtT 

10 FORMATC4XtA6tlXtA2) 
40 READ INPUT TAPE lPTtlOtOltTl 

IFCO-Dli2Stl5t25 
15 IFCT-Tl)25t20t2P 
25 DO 30 l:lt2l 

READ INPUT TAPE lPTt3~tJUNK 
~5 FORMAT(l4) 
30 CONTINUE 

GO TO 40 
20 SACKSPACE lPT 

TlM•l2eO 
KL.•l 
KK•2 
KR•3 
K•l 
IK•l 

65 READ INPUT TAPE 1PTt4~tKAtOATEtTlME 
45 FORMAT(I4tA6tlXtA21 

READ INPUT TAPE 1PTt50t(00CltK)tVVCltKiti=lt2Ull 
50 FORMATCf4eOtF3eOtF4eOtF3.0tF4oOtF3•0tF4.0tF3•0tF4•0•t3•0tF4eOtF3•D 

ltF4.0tF3eOtF4eOtF3eOtF4eOtF3e0tF4eOtF3e0) 
lFCSENSE SWITCH 3)S0t&5 

80 WRITE OUTPUT TAPE MPTt90tKLtKKtKH•Kt1Kt,OOC1t~JtVVC1t~)ti:lt20lJ 
~0 FORMAT(~I6/Cl0Fl0e0)) 
85 1FC1K-3160t55t5S 
60 lK•lK+l 

K•K+l 
GO TO 65 

55 CALL F2CKLtKKI 
CALL F5CKK) 
CALL. F3Cll 
DO 75 l•ltl4l 
ll•IPCl) 
FOPCll)afOCll 

75 FVPCll):fV(l) 
CALL F4CFDPtFVPtDO(lt~)tVV(ltKR)) 
CALL F3C21 
CALL. f4(00(1tKK)tVV(lt~~)t00(ltKR)tVVCltK~)) 
CALL F3C3) 
KL•KPSCKLI 
KK•~PSCKK.I 



K.R•K.PSCKR) 
KaKR 
GO TO o:J 
END 
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SUBROUTINE f~lKK) 
COMMON 0 
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EQUlVA~ENCE lOll913)tDDl603ltVVCl206))t(0(2196)tfVll~l)tf0(ZG~)lt( 
10 ( 143 I tIP t 141 l ) 

DIMENSION VV(20lt3)t00(20lt3ltFV(l41)tfD(l41)tU<~4lltV\l4lltiP(l4l 
l)tFMXOll8)tfMIOll8)tFMX(18ltNll8)tlMX,l8)tFMltlS)tlMill8)tf0S(l41) 
2tKll18l 
3tlJO(l8)t1Jll8) 

RAD==O.Ol745329 
00 10 1=lt14l 
lf(fu(i)-999e0)100t10Stl05 

lOS FV(l)=Y99e0 
GO TO lOb 

100 o~-fV(!)*~lNr(rU(ll*RAU) 

FV(l)a-fVll>*COSf(fU(ll*RAOJ 
FO(l)=L> 

106 11 =I P ( l ) 
1F(0Dt11t~K)-9~9e0)110tll5t115 

11S U(l)=999ev 
V(l1=999e0 
GO TO 1u 

110 U(l)=-VV(l!t~Ki*SlNf(~U(llt~~)xk~VJ 
V(li=-VV(iltKK)*COwFtuutilt~~)w~~U) 

10 CONTINUE. 
lFlSEN~E SWITCH ~)oVvt610 

600 WRITE uUTPUf TAPt otoV~t(U(1)tf0,l)tV(1)tfV(!)t!=1tl4ll 
60S FOkMATi4rlOe~) 

610 1U=1 
2050 IFlFD(lU)-~9~eV)2040t204St204S 
2045 IU=lU+l 

GO TO 2050 
2u4u FMAxu~rL>(Iu; 

FMAXV=FVllU) 
lV=lU 
J=IU+l 
00 15 1;:Jt14l 
lf(f~(1)-~99•0)16'l~tl~ 

16 lfCAb~r(rMAXU-r0(1J)J20t2~t2S 
20 FMAXU=FO(l) 

lU=1 
25 1FlAdSr(fMAXV-fV(l)J)30t15t1~ 
30 FMAXV;:fV(l) 

JVa:al 
lS CONTINUE. 

J•l 
2065 1F(U(J)-9~9.0)2060t20S~t2055 
2055 J=J+l 

GO TO 2065 
~060 FMAXUO=U(J) 

FMAXVO=V(Ji 
Ja.J+l 
DO 35 I•Jtl4l 
1F(UCI)-999e0)36t3St35 

36 lF(ABSFlFMAXUO-Ull)))40t45145 
~0 FMAXUO=U(l) 
42 1F(ASSF(FMAXVO-V(1)))50t35t3S 



305 

~0~ 

17~ 
1450 

bO 
c)J. 
&2 
&:, 
140 

as 

&2 

70 
Sl 

80 
91 
90 

201~ 

20lU 
9:» 
120 

130 

147 

125 
146 

145 
136 
13:> 

FMAXVO;V(l) 
CONTINUE 
l..JKl;O 
iviol;~ 

MBZ;lo 
IJK;U 
DO 1450 I;ltl8 
N(l);v 
K=l 
I=MBl 
L.=l 
lf(U(l)-9~9e0)60t~~.~~ 

I= I +.l 
lF(l-M82)75t75tlSO 
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GO 1v 61 
lf(uti+li-~~~.olo2•~5•S5 
lf(U(l>-vtl+~))~~·u~•o~ 
IJ(I<.)=l 
FMX(")=-U(!) 
lMX(K.)=l 
N(K)=N(K)+l 
l=l+l 
lf(1-Mbl)10t82t~~ 

L.=l 
GO TO '7U 
lf(u(l+l)-~~~.v)bOtb!tdl 

L.=-2 
GU Tv 'iv 
lr (U( I )-U( I+~) )~ltb;,to:. 
L.=~ 

fi'41 (");U( I) 
11v( 1 ( " ) = ! 
N't<.)=N,Ki+l 
K=t<.+.i. 
lf(U(l+l)-99~.vl20lOt20lSt2015 
I=I+l 
lf(1-Md2ll010tlSOti~O 
GO Tv (l~Ot7~t75)tL. 
lJ(~)=U 

FMI(KP=U(1) 
1M1(r...)=l 
N(K)=NtK)+l 
1•1+1 
lf(l-M~2)l25tl47t147 
L.=l 
GO TO 135 
lf(U(l+l)-999e0)14~tl~6tl4o 
L=3 
GO TO 135 
lf(U(l+l1-u(1))l36tl~Otl30 
L.=2 
FMX(t<'..)=U(!) 
lMX(I()=l 
N(K.)=N(K)+l 
K=K+l 
lf(U(l+l)-7~~.0)2000t2005t2005 
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2005 l=l+l 
lf(l-Md2)2000tl50tl~O 

2UOQ GO TO (l~Ot1~t7~)tL 
1~0 K.=K-.l 

11=0 
lf(f~All)-tMi(1)-.lUe0)~U00•~00~tiOO~ 

~000 lrtl~(!)J~Ol0t3010t~Ol~ 

3010 IJ(l)::J. 
F ;vi X ( 1 ) = r ivt J. ( 1 J 
I MX ( 1 ) = I i'lt l < 1 l 
GO TO :;oo5 

:a·o1:, IJ < 1, .. v 
F iVi 1 ( l ) = t fvi X ( l ) 
1 M 1 ( l ) = 1 ivi X .< 1 ) 

~Uu!) ".2;.\J 
[)(.) ~U20 l=lt,..;. 
If(F~Ali)-~~!(l)-l0e0)~019t302~t~Ul~ 

~01!!;) K.~=K,-t-.L 

Kl(tc.t!)=i 
<;O To :::H;.tl u 

~Ul~ If<l-~)~v,ut~Olijt~V~O 
jVlo ll=l 
~v~v CvNTiNut:. 

Kl=..:.~+il. 
i~(~l)~v£~t~V~it~O~l 

~v2l lf<l~t~J)~v~v·~u~o.~uj~ 
~Qj(J K.~-.1. 

Il=i'.l(,..;.e:,~ 

r· i"&id .i. i ;; r i·1 X ( 1 ! ) 

i I"•A \ J.. I ::; i •••" ' l ! I 
l:o:~ 

30~y !r\l-~•l~v~v•Jv~v•~vou 
~o ... v IJ\!)•.A. 

r 1~1 X ( A i :: rt•11\ ( l l ) 
li"tX ( ! ) :o: .Le~iX ( 1 i. ) 
K.t!=K~+l. 
Ir(Ki-~1>3v4le3v65t~06~ 

3U4l 11=,.;.1(K,::) 
rtvi~ ( i 1=r1v1l (!!) 
llvt ! ( i ) = ;. 1"1 l ' 1 l ) 
I=I+l 
Gv TV :;u~:, 

303~ K~=l 
ll=t<.ll"2) 
F M 1 ( l. ) = r t"• J. ( 1 i ) 
I i'~~'a I ( l ) = 1 i ... i ! t 1 1 ) 
1=2 

30~: lf(1-Kl)~v~~•3V4~t~Uo~ 
30'+!;) IJ(ll=v 

F M 1 ( l. ) = r i ... H l i i ) 
I M I ' 1 i = l jYt 1 ( 1 l ) 
Kl=~l-t.l. 

lt(~~-~~}~u4ot~Oo0t~Oo0 
~04o il=~~("'J 

F M X ( i ) ::. r ivi X ~ l 1 ) 
I MX ( 1 ) = l iwiX ( 11 ) 



3060 

3069 
3070 

loS 

170 

161 

160 
l.SO 
185 
235 

210 
205 

2030 

191 
190 
2035 

195 
200 

225 
220 

2020 

216 
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I=l+l 
GO TO 3050 
FMX(ll=FMX(K) 
IMX(l)=IMX(K) 
GO TO 3069 
FMI ( 1) =Flv\1 C Kl 
lMl(lJ=lMlCK) 
DO 3070 i=ltKl 
NCl)=XA&SfC1MXCl)-1Ml(1JJ+l 
K•Kl 
lFCl~KJl~~,l~~t16l 
l~K=l 
DO 165 l=ltK 
FMXO(llafMX(l) 
I JO C I ) • I J ( I l 
FMIOCl)=FMllll 
KOaK 
DO 170 l•MBltM~2 
U'l):fD(l) 
GOTO 175 
K.la;:l 
K-2•1 
lf(lJC~lll245t24~t180 
1FC1JOCK2))240t240tl85 
GO TO 23!) 
FN=NCKlJ 
ll=lMXCKl) 
I2=1Ml(Kl) 
lFCIMX(Kl)-1U)205t210t20S 
FMXOCK2J=FMAXUO 
FDC1l)=FMXOCK2l 
FD(I2J=FM10CK2) 
Ilcll+l 
12ai2-1 
IFCll-12J2030t2030t203~ 
00 190 1allt12 
IFCFDCI)-999e0)19lt203~t2035 
Fl=l-11+2 
FD(l)=fD(l)+CFM10CK2J-rMICKll)*FI/FN-(FMX(Kl)-FMXOCK2l)*(FN-Fl)/FN 
Kl•K1+l 
K2aK2+1 
IFCK1-K)195tl95t260 
JF(K2-K0)l60tl60t260 
FN=NCKl) 
ll•lMICKl) 
12•1MXCKl) 
1FCIMX(Kl)-1UJ220t225t220 
FMXOCK2l=t-MAXUO 
FDCill=f•"110CK2) 
FDC12)=rMXOCK2J 
Il=ll+l 
12ai2-l 
IFCll-12l2020t2020t2025 
DO 215 l=lltl2 
lf(f0(1)-999e0)2l6t2025t202S 
Fl=I-11+2 
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215 FOllJ=fD(l)+(FM10(KZ)-FMl(Kl))*(fN-fl)/FN-lFMX&Kl)-fMXOCK2))~F1/FN 
202~ Kl=Kl+l 

K.2c:1';2+1 
IFCK1-KJ230t230t260 

230 IFCK.2-KO)l60tl60t260 
240 KlcKl+l 

lf(Kl-KJ160tl60t260 
245 IFCIJO(K2))250t2SOe255 
250 GO TO 20v 
255 Klc:Kl+l 

lFCKl-KJ160tl60t260 
260 MBlc:MBl+lo 

MB2=MB2-t-16 
IFCMB2-l30)265t26~t270 

270 IFCMB2-l56)275t2eOt280 
275 M82:El40 

GO TO 265 
280 IF(lJK1)290t290t300 
290 IJKlc:J 

00 285 I=ltl41 
FDSCIJ•FD(l) 
FDCIJ•FV(l) 

285 U(J):V(l) 
FMAXUO=FMAXVO 
lUaiV 
GO TO 305 

~00 00 310 l=ltl4l 
FV(I)c:fO(l) 

310 FO(J)cfOS(l) 
IFCSENSE SWITCH SJ61St620 

615 WRITE OUTPUT TAPE 6t62StCFDCI)tFVC1Jti•ltl41) 
625 FORMATC2FlOeS} 
620 DO 315 I=ltl4l 

lFCFDllJ-999e0)320t32~t32S 
325 FVCI)=99e0 

GO TO 315 
320 UF=FOCIJ 

VF=FVCIJ 
FV(lJ•SQRTFCUF*UF+VF*VF) 
IFCVF)480t48St4SO 

485 1FlUF)490t49?t500 
495 FD(l)=OeO 

GO TO 315 
490 FDCI)=90e0 

GO TO 315 
500 FDCI)•270e0 

GO TO 315 
480 FD(l)c:ATANFCUF/VF)/RAO 

IFCUF)510t505t505 
510 IFCVF)315t515t515 
515 FDCI)cFO(l)+l80eO 

GO TO 315 
505 IF<VF)520t515t515 
520 FDCil=F0(1)+360eO 
315 CONTINUE' 

RETURN 
E'ND 
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Appendix 7: Program for 12 hour forecast of thickness and average height. 

Program "FCSTH" computes a 12 hour forecast of thicknE!ss and average height by 
moving the value at each grid point one and one-half grid distances to the right. 

Read 2 sets data (thickness 
nd average height for 2 
uccessive times 

FLOW DIAGRAM 

No 

Substitute "average 
eight" for "thickness" 

and re 

Yes 

(1) No 

ind differences between 
actual (12-hour) and 
forecast map for each gri 
·oint for thick~ess 

Print differences in 
rid format 

ind differences between 
ctual (12-hour) and 
urrent map for eacp gri 
oint for thickness 

rid format 
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SYMBOL DEFINITIONS 

All variables which are stored in common are defined in the main program or in the 
first subroutine in which they appear. 

Main Program 
Input: 

1. Dl -
Tl -
D -

first date for comp•.t tat ion 
first time for computation 
current date 
current time 

2. 
3. 
4. 
s. 
6. 

T -
JUNK 
KA
DH -
HB-

- used to skip cards which have no needed data on them 
map number 

7. 
8. 

thicknesses of layer of maximum wind 
average heights of layer of maximum wind 

Others: 
1. IPT - input tape number 
2. ~~T - output tape number 
3. Kl, K2 - subscripts used to control cycling of data 
4. FDH - forecast thicknesses 
S. IP - subscripts connecting input grid (201 points) to forecast grid (173 points) 
6. EH - forecast grid expanded to size of input grid 
7. FHB- forecast average heights 

SUBROUTINE FHl 
Input: 

1. IPl - subscripts of left point used in average for forecast 
2. IP2 - subscripts of right point used in average for forecast 

SUBROUT:i:NE FH2 
No new symbols are used 

SUBROUTINE FH3 
Output: 

1. NH - forecast ready for printing 
2. SFH - average of differences between actual and forecast values 

Others: 
1, SH - number of forecast values 
2. FJ • value used for missing data 

SUBROUTINE FH4 
Others: 

1. 
2, 

H - input grid 
F - expanded forecast grid 

3, FH - difference between actual and forecast values at each grid point 

COMPUTER TIME 

12-hour forecasts of LMW heights and thicknesses consume approximately 
12 seconds per map for both parameters. 



C FCSTH 
COMMON 0 
DIMENSION 0(2000) 
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EQUIVA~ENCE CO(S04)tHBt402lt0H(804))t(0(l32S)tMPT(l)tiPT(2))t(0(lG 
1 7lltFHBll73)tFDHt346))t(0(1674)tT(l)t0(2)tKAl3))t(U(977)tiPtl73)l 

DIMENSION DHl20lt2)tHBl20lt2)tFH6ll73)tf0Hll73)tEHC20l)tlP(l73) 
IPT=S 
MPT=6 
CALL ,FHl 
READ INPUT TAPE 5tlOtDltTl 

10 FORMAT(4XtA6ti3> 
'0 READ INPUT TAPE IPTtlOtDtT 

IFlD-Dl)40t20t40 
lO If(T-Tl)40t1St4C 
40 0025 I=lt35 

READ INPUT TAPE IPTt3StJUNK 
35 FORMAT(l2) 
25 CONTINUE 

GO TO 30 
15 BACKSPACE IPT 

READ INPUT TAPE IPTt4StKAtDtT 
45 FORMAT(I4tA6tl3) 

Kl=l 
K2=2 
REA 0 I N PUT T A P E I P T t 5.0 t C DH ( l t K 1 ) t I • 1 t 2 0 l ) 

SO FORMAT (l2F6.0~ 
READ INPUT TAPE IPTt35tJUNK 
READ INPUT TAPE IPTt50t(H8lltKl)tlalt20l) 

1 CAlL FH2(Kl) 
READ INPUT TAPE lPTt45tKAtDt1 
READ INPuT TAPE IPTt50t(0H(ltK2)tl=lt20l) 
kEAD INPUT TAPE IPTt35tJUNK 
READ INPUT TAPE IPTt50ttHBlltK2)tl•lt20l) 
CALL FH3CltFUHt999) 
DO 55 I=ltl73 
Il=IP(l) 

S5 EHlll)~FDH(l) 

CALL FH4(0H(ltK2)tEHtFDHt999) 
CALL FH3(2tFDHt999) 
CALL FH4lDHlltK2)tDH(ltKl)•FDH•999) 
CALL FH3(3tFDHt999) 
CALL FH3(ltFHBt99) 
DO 60 I=ltl73 
Ila[P(ll 

60 EH(Il)=rHB<I> 
CALl FH4(HB(ltK2)tEHtFHBt99) 
CALL FH3(2tFHBt99) 
CALL FH4CH8(ltK2)tH~lltKl)tFHBt99 
CALL FH3(3tFHSt99) 
K=Kl 
Kl=K2 
K2a:K 
GO T\:i l 
END 
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SUBROUTINE FHl 
COMMON 0 
EQU1VALENCEtO(l323)tlP2tl73)tlP1(346)tlPtSl9))t(0(l324)tlPT(l)) 
DIMENSION IP(l73)t1Pl(l73)t1P2Cl73) 
READ INPUT TAPE IPTtl0t(lPl(l)tlP2(l)t1P(l)t1;1•173) 

10 FORMAT(SXt315) 
RETURN 
END 

SutiROUTINE FH2(K) 
COMMON 0 
EQUIVAL.ENCE(0(804)tHo(402)t0H(804))t(0(1323)tlP2<173)tlPl(3~6ll•(0 

l (1671) tFHB(l73) tfDH(34o)) 
D I MENS 1 ON DH ( 2 01 t 2) t Hd ( 2 0 l t 2) t r Ht; ( 1·13) t r Lird 1 7;) t 1 P 6 ( l 7 3 ; ~it:' 2 ( l r3! 
DO 10 lgltl73 
IlazlPl(l) 
12=1P2(1) 
lf(Hti(lltK)-99.0)l5t20tl5 

15 1F<HB<l2tK)-99e0)25t20t2S 
20 FHB(1)=9S.O 

FDH(1)=999.G 
GO TO lu 

25 FHti(l);(Hd(llt~)+Ho(l~t~))/2eO 
FDH(l)=(DH(IltK)+uH(l2tK))/2eO 

10 CONTINUE 
RETUKN 
END 
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~UdkU~(iN~ fHi~~tfrlt Jl 
COMMON u 
EQUlVALENCEt0(1325)tMP.rtl))t(0(1~74)tT(l)t0(2)t~A(3)) 

DIMENSION fH(l73)tNH(l73) 
f..Jc:J 
lF(I<.-2) 1Utl5t20 

10 wRlTt uUiPUT TAPE MPTt25tKAtDtT 
25 FURMAf(lHll~tA~tl5tl7H 12 HUUR FORE,AST) 

Gv Tu 4v 

15 ~Kl Tt:: uuTPUT TAPE i~lPT ,::;OtKAtDtT 
30 FUKMA~(~Hlti4tA~tl~,4~ri Dlf~tK~NCf b~T~~~N A'TU~~ MAP AND FORECA~f 

l ) 
Gu Tu 'hJ 

iO wklTt:: uuTPUT TAPE MPTt~~ti<.AtutT 

3~ FUHMAT41Hltl4tA~tl~t~on DlFf~RENCE dY PE~SISTENCE) 
40 00 lu~ i=ltllj 
l v (J ·~ n ' ! ) = r n ' l ) 

Wklli u~lPuT TAP~ MPit4~tNM(l) 
45 F0KMAt(////4~Xtlb///) 

6V 
65 

70 

7*}) 

9(1 

llO 

l~O 

ll5 

Mt;l=.; 

wKil~ 0uTPuT T~P~ ~p~,~~t(Nh(i)ti=~olt~~~) 
f~KM~I(~UAtO~~Atib,~A~t~Atl6i/1) 
iwlbl =i"tOl + 1 b 

iYlo~ =•-io2 .,.1 o 
lf(Mo~-l~~)~~.~~•b~ 
w i< l I C. u v 'i 1-i u t f A to' c 1wi P I t o !:» t N M ( 1 b ~ ) 

F~kMAf(~UXt30X•~U~tl6) 
WklTE UUTPUf TAPE MPTt7~tKA 
fUt<MAl(lnll4) 
W k l T I:. u U l P lJ l T A P t; t"it-' l t I ~ t 1'4 rH ~ ) 
F~H~~'''''~UAt~UAt~VAtlb///) 
Mblc:~u 

JY&bi=lcs 
W k l -,· t. v v ·i· ~ u i ·i ~ ~ ~ i•1 ~ i t o v t ( i~ n ( i ) t ' = i•l u "' t 1"1 c ~ 1 

f~KM~l(~AtO~~Xtiot~~)t~Atiol//) 
tvi 0 l ;: 1v1 0 l + 1 c.> 

Mb~ =1-1o~ -t-l o 
l~(Mo2-162)b''~~•90 
WRIT~ OUTPuT TAPE MPrt~Ot(Nrl(1)t1=l64tl721 
WRITE ~UTPUi TAPE MPTt95tNri(l7~) 
F ut<rviA I' ( 1 ~ l\ t 1 o ) 
lf(~-~)lO~tl!Ut~lO 
Srn=u.u 
~N=v.v 
uv J.i:;) i=ltll~ 

1 r ' r rl \ • ) - r .,j ) ~ ~ v t ll ;, • .A. ;. 0 
~rh=~rnTko~r(rn(.)) 
.5N=.:)H+j,ev 
CON I i i'4U t. 
~;-·,.,=~r-n/ Sh 
wRITe UUTP~T TA?E MPTtl25tSFH 
FORMAT(///3~Xt3U~t3UXtl0Xt~6e0) 
RETU~N 
END 
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SUBROUTINE FH4(HtFtfHt~) 
COMMON 0 
EQUIVA~ENCE l0l977)t1P(l73)J 
DIMENSION lP(l73)tH(20l)tf(20l)tfH(l73) 
FJ•.J 
00 101•1•173 
IlalP(l) 
1F(H(ll)-fJ)l5t20tl5 

lS 1F(f(l1)-FJ)25t20t25 
2.0 FH(l)=F.J 

GO TO 10 
25 FH(l)=H(ll )-F(ll) 
10 CONTINUE 

RETURN 
END 
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