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ABSTRACT

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 work done during the first phase of the
project. The objectives of the research program are classified into (1) data
handling, (2) objective analysis, and (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 profiies 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 quadratic 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 kirematic extrapolation forecasts., 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-level wind analysis and forecasting, which could
be utilized by an Automatic Air Traffic Control (ATC) System. The research coaducted
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 its impracticability,

(1) Correctly, a baroclinic model of the atmosphere should be considered in
arriving at numerical wind forecasts. The quality of wind forecasts for fast-flying
aircraft will critically depend upon the accurate prediction of vertical and horizoatal
shears in the jet-stream region. The presentiy available baroclinic models were not
yet considered adequate in handling these detailed shear forecasts to a sufficient
degree of accuracy (Wiin-Nielsen 1962).

(2) Objective analyses conducted on iscbaric levels have been produced success-
fully by the JNWP group of the U.S, Weather Sureau. These analyses could easily be
adapted for kinematic extrapolation forecasts. To arrive at a wind forecast for an
arbitrary point within the air space 20,600 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 that the analyses and forecasts performed at
various isobaric levels will have to be made vertically consistent. In view, sgain,
of the strong vertical and horizontal shears present in the jet stream region this
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, comstitute
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. This;
however, does not present more of a problem tham the equivalent procedure mentioned

under (2).

The analysis and forecasting experiments described below followed this approach.
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II. Data handling

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 following 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 LMW. 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 flow diagrams, symbol definitions and FORTRAN programs
of the error checiting, 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).

Time

3%

k4

DEr

N
49

®

1
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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 will 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
satisfactorily. 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 Appendix 3.
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III. Objective Horizontal Analysis of LMW Parameters

Baer (1963) has described a method of fitting a quadratic surface to
LMW 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 cm grid distance on a polar stereographic projection
of scale 1: 10,000,000 at latitude 60° N has been used. Theogrid was
centered at longitude 100° W with one grid point lying at 30 N. (Fig.4).

B 5: LA_/(...\
‘.: S Xtz
{ SN
< "
iy 1009w
e “ oy
7/\ )
SRR {
\x‘ - = \.
T S )
Anclysis & Forecst. 1 3 o
Grid . R e
% ,* U G\

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 'moise' in the LMW 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 accomplished by fitting again a quadratic (or plane) surface to station
and gridpoint data available from a preliminary and unsmoothed nunerical analysis.

The flow diagram, symbol list and FORTRAN prograr for these computations are
presented in Appendix &.

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

While this second "smoothing run' performed adequately for mean wind speed
and direction of the LMW, its height and thickness had to be analyzed in a
different fashion: As mentioned in an earlier report (Reiter 1962a), barotropic
soundings were assigned arbitrary values of h=20knand # h =7 kn, 1If the

sane smoothing technique as used with wind speeds and directions were used, the
"barotropic' regions would be flattened out considerably and, by the same token,

zones with strong shears and with low values of h would be elininated almost entirely.
In order to prevent this, yet still be able to fill in grid points nissing after

the first run of the program, original station data were weighed with a factor

of three during the second run, over grid point values computed during the first
run,

Results of the objective analysis procedure outlined above were very
encouraging. TFigs. 5, 6 and 7 show typical examples of analysis, containing
gridpoint as well as station data. With the smoothing technique described above,
the data coverage over the continental United States as well as the agreement
between gridpoint and station data is very satisfactory, especially in wind
speeds and wind directions. Thicknesses and heights of the LMW show strong
gradients in the vicinity of the jet strean. Any kind of objective analysis will
have a tendency to smooth out these gradients,

Barotropic soundings defined as h > 20 km, Ah > 7 kn, have been marked as
such in the thickness and height analyses. Mean wind speeds and directions have
been computed and entered into the analyses even for these barotropic soundings
in order to warrant continuity of analysis. It is assumed that under barotropic
conditions the vertical wind shears near the level of maximum wind are small
enough to be neglected for practical flight-planning purposes.

Because of the unavoidable smoothing introduced by the two objective analysis
runs, rmean height values > 18 kn and mean thickness values * h > 6 km 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 (Abarotropic = 15 km in extra-
tropical latitudes; / hbarotropic = 5 kn; see also Reiter, 1963b). The reason
why these more stringent values have not been used from the start lies in the
fact that the larger number of '"barotropic' stations which would thus have resulted,
would have made an objective analysis viore difficult and less coherent. This has

been brought out clearly by preliminary tests conducted during the early stages
of this project.
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Fig. 5: Objective analysis, 4 January 1961, 00 GCT, of LMW wind speeds
(mps, isotachs labelled with slanting numbers) and directions
(thin arrows) obtained from grid-point data. For comparison,
station data for wind spceds 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.
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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, & 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.

1V. 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).
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¢, and ¢y are components of displacement of the isotach system.

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

du . ov - ov . du
_ dy ot oy ot
Cy =
D
du ov + ov ou
o0x ot 9x ot
c
M
D
D = ou i v - ou . ov
ox 3y oy 9x

Instead of the differentials in equs, (1) and (2) we will have to use finite
differences in the numerical forecasts, First, Au and Av are evaluated
between map times t = t, and t = (t, - At)., After the difference form of e
(2) yields cy, and c,, the numerical values of these displacement velocities
are entered again into equ. (l1). Au and Av for the time interval between

t = t,and t = (t, + At), added to the original values u and v observed at

t = ty, render the forecast wind field.

It has been pointed out in an earlier report (Reiter 1962a), that under
the assumption ¢y = const. and ¢, = const. during the time interval A t, 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 generate new isotacha of higher wind speeds. If
such high-velocity jet stream cores were generated during the feorecasting
process, this would be entirely due to truncatiom errors, These errors are
produced by using finite differences rather than differentials (Sundqvist
1963). A second source of forecasting errors lies in the assumption of ¢
and c¢,, to bae constant, A third source of forecasting errors - prabably tge
most critical one - lies in the errors of the analyses on which the forecasts
were based,

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 ¢ (grid
units per hour) along the x axis of a rectangular grid as shown in Fig. 4.
Values at time ¢t = 0 and t = 12 are used to arrive at hourly interpolations
and extrapolations up to a 12 hour forecast for t = 24,

(2)

qu.
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Maximum wind speeds (uy,¢ 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=0 and T=12, extrapolation to T =24, in
hourly intervals,

Since in first approximation the jet stream pattern over the continental
United States may be considered a wave pattern of quasi-sinusoidal shape,
appreciable truncation errors will have to be expected for extrapolations of
waves 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,



Persistence 'forecasts' have been used as a basis for evaluation of the
skill of the numerical forecasts, As has been known before (BarBe 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 mean
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 IMW, 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.

Naturally, the quality of forecasts will be rather semsitive 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
IMW parameters has several disadvantages, such as the tendency of generating
circular isotach patterns rather than oblong ones, Objective analysis mgthods
proposed by Bergthorsson and Déos (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 representation,
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 used 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 feorecasting 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). 1In order to estimate the effect of "noise'" in the input
data, this forecasting procedure has been applied to 'smoothed'" as well as
to '"unsmoothed' 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 Ila, 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 (tg , tys
-24) hours to the interval (ty, t, + 24) hours. Two-step extrapolations from
(tys t, =12) hours to (t,, to + 12) hours and from there to (t, + 24) hours by
applying the computed values of cy 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 c,
and c,, 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 ligted
above, are due to truncation errors.

To reduce the effects of errors, a scanning procedure has been devised,
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 produced 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, + 24) hours was scanned in the same fashion,



215/55| 228/46 . . . . . . . . . 281/26 | 264/28 | 257/27
9/-22 | 4/-11 10/1 | 6/-0 _]-11/6
204/44 | 215/33 | 225/25 | 265/27 . . . . . 323/37 | 289/28 | 264/30 | 256/42 | 256/46
0/-15]1 1/-9 12/-2 6/-2 11/3 29/2 43/-3117/-14 | -10/-8
208/45 | 203/29 } 233/37 | 255/37 | 352/14 [339/36 10/60 8/70 4762 |349/37 | 262/39 | 252/45 | 248/56 | 248/65
-3/24 ] 13/-12 | -2/-22 | 13/-20 | -42/6 [-13/0 -35/-21 | -28/-241-23/-23|-16/0 52/-3 52/-11 { 26/-21 | 4/-20
190/31 | 183/20 { 197/18 | 243/20 16/6 |355/26 27/55 | 21/63 |12/53 |343/27 | 251/37 | 246/52 | 244/66 | 243/74
26/-16 | 47/-7 _150/-7 36/-6 -76/9 1-36/3 -60/-25| -50/-261-47/-18[-24/11 54/1 53/-12] 29/-23 {12/-20
144/20 1 176/14 | 187/13 250/16 292/10 17/13 29/38 17/52 7/41 313/23 246/36 243/59 | 241/75 | 244/85
106/-5 80/0 98/2 28/1 -2/7 -82/8 -87/-13 1 -65/-19}{-59/-5 |-13/17 44/5 42/-16 | 31/-25 {15/-28
79/3 . 219/12 244721 259/20 | 280/15 357/23 354/25 |317/24 |283/28 252/44 247/65 | 243/77 | 245/90
-176/20 59/11 24/3 6/2 -7/9 -76/3 -70/17 -35/14 2/16 24/5 19/-3 20/-12 | 13/-26
. . . . 259/35 {269/24 312/25 309/35 {290/42 }294/42 255/53 269/61 | 245/63 | 244/69

-0/-5 -6/6 ~44/8 -33/2 -16/2 -18/7 14/6 17/-0 18/0 15/-0
. . . . . . 291/48 291/33 |276/62 {273/72 . 260/47 | 256/55 | 250/56
-20/-3 -19/13 [-5/-12 [-4/-21 1/17 5/12 8/6
. . . 263/27 . . . . .
7/27
Plotting model: ° '
p—
W
dd/vv )
Fdd/Evv
Average Error
Verifying Date Edd/Evv
2 January 00GCT 27.2/8.8
2 January 12GCT 16.9/8.6
3 January 00GCT 17.7/10.2
3 January 126GCT 28.9/12.5
4 January 00GCT 35.4/8.8
4 January 12GCT 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.
differences between actual and forecast directions and speeds at grid points.

(Edd/Evv), as indicated in plotting model.

Forecast directions and speeds.

(dd/VV)’




1
. 1/12
. 210/50 |225/43 |247/39 . . . . . . 335/47 | 300/29 | 277/26(262/26 252/28 .
11/-18 5/-11 2/-6 -10/-8 16/2 16/0 7/0 -7/5
189/50{205/45 |218/36 |235/32 {265/30}298/35 . . 353/66 [333/39 | 290/28 | 266/34{256/42 255/45 .
25/~26] 3/-18 0/-11 5/-10 { 8/-5 { 3/-2 -17/-211-0/-0 30/3 | 40/-6 {16/-14 -8/-8
187/46{198/40 [204/31 |229/31 }253/28) 313/16 |347/33 | 9/56 8/69 2/58 |343/35]271/32 | 251/43|250/55 | 248/65 .
l#/-28] 6/-20 9/-13 4/-16 [18/-12 -6/5 -22/0 | -35/-171-29/-26{-25/-171 -13/3 | 45/2 51/-10125/-20 5/-21
173/35(184/29 |185/22 1199/19 |238/161336/7 5/26 24/51 19/62 10/50 {336/26 | 258/32 | 246/52|243/68 245/ 74 .
3/-21032/-14 |46/-9 |s51/-7 l40/-2 |-34/10 |-45/0 | -57/-20{-48/-26]-44/-14|-16/11 | 49/5 |47/-13]30/-25 | 11/-22
169/17 }165/15 |190/12 {242/15)287/7 16/16 23/36 17/49 | 4/39 314/21 | 250437 | 244/59(242/73 244/83 .
80/-1 92/-0 84/3 33/1 0/11 -78/5 -79/-101-67/-171-56/-3 |-14/18 40/5 37/-13]|28/-21 13/-23
257/10 |233/10 |224/13 [242/21] 258/16 |294/12 | 358/21 [359/29 |326/27 |282/31 | 252/46 | 246/62|243/75 242/83 .
1/13 129/12 48/9 .25/1 10/6 -19/12 | -76/6 -72/3 -40/10 1/13 24/3 25/-6 j22/-14 16/-17
. . . 255/24 | 254/30) 264/30 |273/29 | 305/27 [311/31 |291/34 {275/46 | 256/52 | 249/60{246/66 | 245/70 .
11/5 6/-1 -2/-0 -8/2 -36/7 -35/17 -16/9 -1/3 113/4 18/-0 {18/-3 13/-2
. . . . 271/49 |280/50 | 289/44 [289/43 |280/48 [274/51 | 258/53 | 257/51}252/54 | 249/55 .
-10/-12}-13/-9 } -19/-0 |-17/3 -8/1 -3/2 7/6 5/13 9/10 10/7
. 280/58 |272/48 |270/46 }265/52 | 261/42 | 261/46(263/43 258/41 .
-12/-8 -1/3 ~-0/6 2/2 2/16 0/13 -1/15 2/11
Plotting model: ) 1y
dd/vv Average Error =
Edd/Evv Verifying Date Edd/Evv ’
2 January 00GCT 24.7/8.0
2 January 12GCT 15.3/7.0
3 January 00GCT 16.7/9.4
3 January 12GCT 28.5/11.4
4 January 00GCT 23.4/9.5
4 January 12GCT 11.1/9.4

-

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/Ewvv),
as indicated in plotting model.

Table IIa:




! 671 ’ -To77
5/-1 -10/1
19/-2 | 5/4 -14/9 -25/7 {-29/3 . . . . . 11/7 |} 42/3 30/-5 |{17/-10 |-4/-6 |-16/-5
20/-2 }2/5 -15/9 -30/7 1-30/2 }-21/-1 -4/6 13/7 138/4 33/-6 117/-10 | -4/-6 }-16/-5
25/1 1/11 |-23/15 | -58/13 |-55/2 |-35/-2 |-17/1 | -20/-3] -9/1 -1/3 33/13 | 46/3 s1/-8 }22/-17 }-5/-12 |-20/-8
25/0 5/9 -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
32/-5 | 15/6 |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
35/-3 128/6 |41/14 -80/8 {-63/-1 {-47/-51-27/-3] -22/-41-12/0 | 2/7 25/12 | 53/0 50/-11 1 25/-18 {4/-16 [-13/-6
83/~12 | 54/3 |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
20/-4 165/4 1123/7 -148/7 {-77/2 1-56/-2 }-33/-2] -28/-2}1=~17/1 | -1/7 29/10 [ 48/-1 | 41/-14 | 24/-19 {6/-15 |-8/-2
78/10 | 119/6 1168/12 | -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
67/9 97/9 1158/11 | -115/12}-52/8 |-44/5 |-33/3 | -28/2 | -15/4 | 2/8 22/7 133/-2 129/12 |20/-15|6/-13 {-6/1
-5/1 -9/16 |-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
-3/0 -8/11 {-7/13 2/14 -8/8 -12/5 1-8/2 -10/3 | -3/4 6/3 15/3 119/-2 | 18/-7 114/-9 -17/-17 =4/5
. -11/-8 . 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
-10/-71 -5/3 3/6 -3/2 -5/-1 {-1/-5 | =2/-3 {4/-2 8/-1 10/-1 | 13/0 14/-2 |12/-2 16/3 0/7
. . . . . -4/-9 |5/-10 | 7/-7 13/-1 | 10/-8 | 7/-11|12/-2 | 6/8 7/9 5/7 .
0/3 1-2/-3 {-2/-9 14/-9 1/-7 10/-5 | 11/-3 1 11/-1]11/1 8/7 8/7 6/¢ 0/11
. 9/-9 18/-1 | 22/4 10/-2 . 6/9 5/11  |5/¢ -1/8
6/-12 9/-8 17/-5 | 16/-2 13/-1110/7 7/7 5/11 4/11 0/9
Plotting model: 16/-4 | :‘
Average Error w
- UEdd/UEvv Verifying Date UEdd/UEyv SEdd/SEvv )
SEdd/SEvv
2 January 00GCT 13.6/5.6 12.7/5.3
2 January 12GCT 14.1/6.0 13.6/5.6
3 January 00GCT 22.3/6.6 19.4/6.1
3 January 12GCT 28.2/9.2 27.3/8.4
4 January 00GCT 25.3/6.6 23.2/6.0
4 January 12GCT 16.8/7.4 15.1/7.1
Table IIb: | Errors made by 'persistence' forecast, verifying at 4 January, 1961, 00 GCT, Differences

between actual and 12 hour old directions and speeds, no smoothing on input data (UEdd/UEvv),
and smoothing on input data by double scanning of analysi{s (SEdd/SEvv), as indicated in

plotting model.




189/36 [225/22 . . . . . . . . . 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 |?2/-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 |
113/-27]151/-33}179/-50 132/-66 F79/-54 |-49/-39{-20/-17]-0/2 |35/8 43/9 |57/6 168/-9 42/-20 113/-20
86/47 |65/54 52/64 47/78 35/63 14/61 {325/43 | 309/44(284/41 |287/36|265/441250/58 | 243/61 |[247/68
130/-32{165/-41] -164/-53 -127/-64 F95/-47 |-55/-311{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 | 281/481278/47 [284/421274/46]1265/62 | 259/71 [260/74
173/-14}F163/-29{ -130/-45 -130/-46 F109/-30[-56/-121-1/-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 |276/521271/62{264/74 | 264/77 |269/74
-19/16 -128/-3]-127/-10 #105/3 |-23/3 112/-13 {17/-22{15/-13 |9/-7 I5/-12 |2/-12 -0/-12 {-10/-10|
. . . P87/19 [258/49 [250/63 | 250/68|251/62 |258/521255/691257/74 | 259/76 |263/70
-28/10  |4/-18  |17/-29 }25/-30122/-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/-45136/-15 |29/-8 [14/-21}15/-13 | 15/-4 [4/0
. 237/103|234/65[237/62{241/77 | 233/47 {239/34
33/-48 | 32/-10126/-3 [21/-17 | 29/11 {23/12 |
Plotting model: '
-
on
1]

L_Edd/Evv

dd/vv

Table I1la:

Verifyving Date

3 January 00GCT
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

smoothing on input data or forecast.

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




274768

. L0429
{'. 202/34 1225715 [325/21 . . . . . . 289/25 | 263/22{247/39(243/52|247/63| .
19/-2  |5/16 -75/11 35/13 |53/9 l46/-1226/-25{-2/-29
t184/23[132/21 |67/19 [38/37 26/62 19/79 . . . 312/28 [290/20 | 258/24235/38}232/56{237/67] .
:_30/0 176/5 151/5 |-157/-15}-112/-37]-77/-46 23/16 |42/18 162/7 |71/-10]40/-2819/-30
116/36(91/42  }66/49 }51/62 40/77 29/78 14/71 354/55 1333/39306/30 |286/27 |254/30[239/43{233/57238/65] .
7-181113/-22{147/-311-177/-47 |-128/-61]|-82/-56 +49/-37 | -20/-16{5/3 30/10 l43/711 |62/4 |63/-10l42/-22|15/-21
/57 |83/46 165/55 |53/65 @ [46/76 32/65 12/57 332/41 |310/421290/39 {284/35 | 267/40251/53[245/59(248/67 | .
/-23{133£ 31|166/-421-162/-53 |-127/-621-90/-47 F52/-30 |-5/-10 l20/-6 |35/-3 |35/2 40/-2 l42/-14128/-1618/-15
. 79/33 |61/42 |54/55 48/ 60 34/49 351/34 | 306/36 |285/46(279/46 |280/45 | 273/50[263/61257/68]260/73| .
! 1704 17]-163427]-139/-39 |-132/-43]-106/~30| -53/-12 | -2/-10 |24/-14{28/-10 |19/-5 {17/-7 118/-15{13/-16]-2/-13
. 324/3  [35/16  J44/28 34/32 10/21 301/24 | 270/42 |264/56(268/52 |273/52 | 270/60 |264/711263/76|268/76] .
-65/20 {-136/6 1-131/-5 |-126/-9 |-101/1 |-26/0 11/-14 {22/-23|17/-14 |10/-7 |6&/-10 [7/-15 |2/-15 |-9/-10
i, . . 310/12 [315/14 |278/19 |257/41 |249/60 [250/68 |252/64 |256/57 |258/65]257/72]259/73(263/68] .
' -43/17  |-s4/14 |-16/10 |7/-9 19/-25 [25/-29[22/-20 {172/-7 |11/-8 l10/-12]|5/-10 }|-4/-0
. . . . 2466/41 |1 232/58 |232/79 |236/841{239/73 1242767 | 247/75]246/741247/701255/59] .
. 16/-4 34/-17 | 37/-35 |35/-3732/-23 |28/-13 |18/-15]16/-9 |14&/-5 | 4/3
. 223/78 {229/881{233/82 {237/69 |239/70]237/67]236/56{240/40! .
44/-28141/-36136/-29 |30/-14 | 24/-11124/-7 | 25/2 {20/12 |
N [ ]
Plotting model: by
Average Error .

dd/vv

Edd/Evv

Table II1Tb:

Verifying Date

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

Edd/Evv

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

on input data, no smoothing on forecast.

Direct kinematic 24 hour forecast at grid points verifying &4 January, 1961, 00 GCT; smoothing
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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210/53 | 224/49 . . . . . . . . 262/28 [244/321235/36
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/-123/-9
192/37 | 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/-101-37/-141-35/-25{-26/-21|-1¥/-10 |[-1/3 43/-0 145/-8 24/-1716/-17
168/29 |138/18 131/12 38/10 38/27 13/42 18/52 11/53 B55/39 325/28 {265/39 {258/54 [251/641247/72
48/-14 {92/-5 116/-1 {-118/3 -98/-11{-54/-121-51/-221-40/-16} -30/-4 |-6/10 40/-0 |41/-14 122/-21(8/-18
131/21 | 119/14 95/15 37/10 23/16 15/22 13/32 [357/38 B43/30 301/27 {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/-2210/-26
109/1 . 145/2 300/6 301/10 302/13| 332/201315/22 p93/27 279/29 |257/42 {252/63 [248/73248/83
153/22 133/21 }-31/18 -35/12 -29/11 -51/6 {-31/10 }F11/11 6/15 19/7 14/-1 |15/-8 [10/-19
. . . 271/26 268/28 285/291284/36 R75/41 282/36 | 254/51 |251/60 |248/63|247/67
N -12/3 -5/2 -17/4 |-8/1 -1/3 -6/13 15/7 15/0 15/0 12/1
. . . . . 271/481264/43 R64/57 263/63 . 254/53 |251/57 [247/56
-0/-3 7/3 /-7 5/-12 7/11 10/10 J11/6
. . . P48/48 . . . . .
P2/6
¢ »
Plotting model: ®
Average Error )
dd/vv Verifying Date Edd/Evv
Edd/Evv
2 January 12GCT 15.0/6.3
3 January 00GCT 18.2/9.7
3 January 12GCT 27.1/12.5
4 January 00GCT 35.3/8.9

Interpolated kinematic 12-hour forecast at grid points verifying 4 January, 1961, 00 GCT,
using %‘Cx and ¥ C_ computed from 24-hour pattern displacement; no smoothing on input data

or forecast. ForeZastvdirections and speeds (dd/vv), differences between actual and forecast
directions and speeds (Edd/Evv), as indicated in plotting model.

Table IVa:




= 232/45
1/-6
. 209/50 | 221/44 | 245/40 . . . . . . '323/40 | 290/28 |260/29 |244/32 | 236/39 .
12/-18{9/-12 |4&4/-7 1/-1 26/3 133/-2 {25/-5 | 8/-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 .
21/-22{10/-1519/-6 8/-1 -16/5 |-31/-1 -12/-10{6/4 32/4  143/-4 123/-121 2/-9
150/41{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 .
95/-23121/-151 31/-5 | 24/1 -34/6 {-61/-6] -40/-13] -35-22| 25-20|-16/-7 |-0/6 39/2 Y45/-7 124/-1717/-18
[ 104/33]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 .
i 71/-19/55/-11188/-6 1123/-0{-127/3 }-85/-71-56/-14 | -49/-19]-38/-17 {-28/-3 |-0/9 37/3  I36/-13|24/-20| 7/-20
. 143/18 | 120/16 [97/13 | 45/8 |25/17 }15/25 9/33 |358/36{341/30 {298/26 | 261/38]253/56 {250/70 | 249/80 .
; 106/-2 1 137/-1 |177/2 1-129/8 |-97/1 {-77/-3 | -65/-7|-&&/-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(322/231301/27 [277/32 | 257/451252/60 {248/71 | 247/78 .
7/16 40/19 1108/21]-22/17 {-48/14|-41/10 | -49/8 }3¥ 9 [-15/10 |6/12 19/4 119/-4 Q17/-101 11/-12
] . . 268/19(269/21 |[275/24(273/29 | 283/29|284/ B |274/37 |267/44 | 255/51 |251/58 |248/64 | 247/67 .
. . -1/10 {-8/7 -13/5 |-8/2 -14/5 +8/5 10/6 6/5 14/5 l16/1  lie/-1 | 11/0
. . . . 269/441269/46 | 269/46/268/48 |265/49 |262/51 | 253/56 252755 {250/56 | 247/ 54 .
b -8/-7 1-2/-5 0/-2 13/-1 {6/0 8/2 12/3  {10/9  {11/8 12/8
’ . 264/561256/55 [255/54 |255/56 | 252/50{253/52 [255/46 | 252/40 .
3/-6 p4/-3 {14/-1 112/-1 |11/8 |8/7 6/12 8/12
G
Plotting wmodel: Average Error .
' ad/vv ' Verifying Date Edd/Evv
| Bdd/Evv [ 2 January 12GCT 13.6/5.0
3 January 00GCT 17.8/9.1
3 January 12GCT 27.8/11.3
4 January 00GCT 29,6/8.2

Table IVb:

no smoothing on forecast,
actual and forecast directions and speeds (Edd/Evv), as indicated in plotting model.

Interpolated kinematic 12 hour forecast at grid points verifying & January, 1961, 00 GCT,
using ¥ Cx and ¥ Cy computed from 24-hour pattern displacement; smoothing on input data,

Forecast directions and speeds (dd/vv), differences between




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 obtgined with this scanning procedure are
given in Table V., Programs are listed in Appendix 6.

Two different twelve-hour forecasts were tested:

(a) Applying half of the observed 24-hour changes derived with above
scanning procedure at individual gridpoints,

(b) 12-hour extrapolation of the time interval (t, - 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 u, and v, of the 300-mb geostrophic wind, and the rates of displace-
ment, cx and Cy1 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 IMW. This was mainly due to the
fact that standard values of h=20 km and A h=7 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 “barctropic'" values tended to overpower non-
baratropic values near the observed jet axes, thus rendering a rather smooth field



214/101302/19 . . . . . . . 270/371242/49]239/60
10/22 |-69/15 21/-9 |28/-21]{6/-26
70/12 }29/38 20/57 17/90 . . . 341/511261/20 | 235/39232/59|233/72
134/161{-172/-141-142/-34}-105/-65 -6/-10157/10 72/-12141/-31112/-34
76/18 |35/17 25/31 18/45 42/55 |25/47 353/37332/311{293/271287/271266/28 |250/38248/47]239/65
128/2 |-178/-0 |-154/-161-109/-28|-92F3%59/-10 | -18/1 7/14 {47/11 145/10 (48/7 54/-4 [26/-12]13/-20
88/12 {42/15 21/25 23/37 1/29 333/37 1290/55(286/601273/59(281/50(270/55 | 260/621257/59]|247/67
128/2 |-171/-2 |-133/-14}-103/-23{-61/-13{-14/-7 |36/-25(44/-23{51/-24]37/-11]35/-16 }39/-22(16/-16|8/-13
281/2 {359/9 27/20 33/27 1/22 305/38 {281/541272/651271/61}278/51{273/52 }267/631262/68|259/67
-30/121-102/5 -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 1296/21 |{268/401258/151{283/10}329/161{275/29 {257/47)262/55|269/74
-19/16 ~128/-3 }-127/-10{-105/31-23/3 12/-13125/17 {-1/28 |-43/28{1/20 9/14 1/9 -10/-10
. . 264/271256/51 |250/61[252/61 |255/59|264/53]260/64 |261/65]263/64]269/69
-5/2 6/-20 17/-27123/-23118/-14i11/-3 |9/-5 5/-4 0/-0 -9/-0
. . . . . . 217/641230/81 [231/61]239/59{261/64 |246/77|246/72]|254/62
53/-19]41/-34{39/-11]29/-8 |2/-5 15/-12115/-4 14/0
. . . 249/92 1246/58 1247/60 [245/75{234/47(234/36
Plotting model: 21/-37120/-3 |16/-1 L17/-15 28/11 {28/10
. Average Error
dd/vv Verifying Date Edd/Evv
Edd/Evv
3 January 00GCT 28.7/10.0
3 January 12GCT 39.0/14.9
4 January 00GCT 45,7/14.5
4 January 12GCT 57.3/12.8
Table Va: ! 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 max{ma and minima.
Forecast directions and speeds (dd/vv), differences between actual and forecast dircctions

and speeds (Edd/Evv), as indicated in plotting model.
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274768 |

4 ~40/-29
/““‘ - ;«3717f3f67T8 {340/39 . . . . . 290/25 {263/221247/39 1243/52 {2447 54 .
, .38714 [-79/13_ [-90/-6 34/13 | 53/9 l46/-12126/-25]0/-20
53375 [ai719 27738 22761 18/87 14/105 | . . . 336/51 [290/20 [258/24 |235/38 [232/56 |237/67 .
=L /22{187/7 [-168/-131-141/-39 | -104/-62]-72/-72 -0/-6 142/18 $2/7 71/-10140/-2819/-30
81/35 |[87/42 [69/48 58/57 49/67 38/60 |23/46 |352/39|324/30 |298/27 |287/27 R66/29 |254/391249/49)238/65
124/-171117/-22144/-30 1175/-42 -137/-51}1-91/-38|-58/-12} -18/-0|14/12 38/13 142/11 [|50/5 [48/-6 126/-14115/-21
6/37 84/46 |71/53 60/ 59 14/39 357/35 {327/39 |307/60}295/63 |283/58 |280/51 R68/52 |254/60 1246/62 |247/66 .
139/-231132/31 {160/-40 |-169/-47 | -95/-25 |-55/-17]-7/-12 119/-29}35/-27 |42/-22 139/~13 [39/-14{39/-21127/-1919/-14
. 89/33 [75/38 66/48 355/24 1336/24 |299/43 | 281/58|273/68 |272/64 |275/58 R72/58 |266/64 |261/66 |259/66) .
160417 }-177/-23 1-151/-32 |-79/-7 -48/-5 |-1/-21 |22/-32{36/-36 {35/-28 {24/-18 [18/-15{15/-18]9/-14 {-1/-6
257/15 [281/13 314/11 346/13 |302/17 |274/36 |261/54|258/66 |261/58 |267/54 R66/59 |261/67 ]261/68 |267/65 .
1/8 -18/9 -41/11 -78/9 -33/5 10/-11 120/-26/28/-33 |24/-20 |16/-9 pO/-9 |10/-11}4/-7 |-8/0
. . 250/9 292/10 |268/19 |256/41 |251/59]254/66 |257/63 }262/56 R63/64 {261/71 {253/28 |265/24] .
16/20 -31/18 -6/10 18/-9 17/-24{21/-27 {17/-19 {11/-6 ¥/-7 6/-11 {11/34 {-6/43
. . 262/33 (245/43 [242/63]232/78 {239/73 |242/67 R47/75{246/741247/70 }255/59 .
~-1/3 21/-2 27/-19139/-31 {32/-23 {28/-13 18/-15]16/-9 l14/-5 14/3
. 235/561245/68 |253/65 |264/55 R68/57 |237/67 |236/56 [240/40 .
32/-6 |25/-16 |16/-12 |3/-0 F4&/1 |24/-7 {25/2 |20/12
. L]
Plotting model: N
dd/vv '
Edd/Evv Average Error
Verifying Date Edd/Evv
3 January 00GCT 28.5/9.6
3 January 12GCT 39.8/17.5
4 January 00GCT 46.4/17.9
4 January 12GCT 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,.




ey

205/49 | 226/46 . . . . . . . . . 262/281251/43]1234/37 | .

232/40] 251/36 310/341264/28]257/27
195/20 | 224/11 | 271/9 }327/26 . . . . . 321/40(289/26|263/29{249/40{247/55 .
219/29] 245/21 | 271/18]301/31 336/55|289/28{264/30|256/42]256/46

200/20 ) 174/14 | 256/19|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 1349/37]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 | 248/491258/71|263/81| 266/76] 279/71]32/28 [7/4)1 |313/231246/36|243/591241/75|244/85

184/9 . 188/9 |341/10]323/14f 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 1297/18]|282/28|264/42]263/61]264/70}269/81

. . . . 273/27| 269/28| 290/29| 269/44|268/56|280/36{254/51|252/59252/62]{252/64 | .
259/35 269/24| 314/24(309/35{290/42}294/42]256/53{250/62[246/65]245/70

.cz.

. . . . . 263/48|260/44|262/57)261/53| . 254/53}1251/57{251/53 | .
263/44]|264/471264/74]265/82 260/471256/58]250/56
. . 248/48) . . . . . .
263/217
Plotting model: T
1dd/ Ivv Average Error
Ddd/Dvv Verifying Date EIdd/EIvv EDdd/EDvv
2 January 12GCT 13.2/5.9 15.7/7.7 )
3 January 00GCT 20.1/7.6 23.7/9.1
3 January 12GCT 29.8/10.6 33.1/11.8
4 January 00GCT 33.5/7.4 28.5/12.5
Table Vla: 1dd/Ivv: Interpolated kinematic 12 hour forecast verifying 4 January 1961, 00 GCT, using

mean values at grid points between original unsmoothed input data at t=0 and direct
kinematic 24 hour forecast smoothed by scanning for maxima and minima. Ddd/Dvv: Direct
kinematic 12 hour forecast verifying 4 January 1961, 00 GCT; no smoothing on input data,
smoothing on forecast.
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. 233/46
232/26
. 212/28 [235/30 {267/33] . . . . . . 320/38 |284/371260/29 |243/33]236/40 .
205/29 1232/29 |261/32 333/43 |300/291274/44 1262/261252/28
003/26(207/28 |230/23 |264/21 {303/23|334/36] . . . 344/441323/35 [288/28 [264/33 [249/40(243/47 .
199/231217/29 1234/26 |251/28 |273/31 |297/37 351/501333/39 1290/28 1266/34 1256/421258/55
51/21)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{247/64 .
1 97/21{208/27 1170/20 {247/44 {260/63 |1283/111337/19114/36 {13/44 12/58 1343/35({271/32]251/43 |250/55{248/65
151/181153/19 |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 .
[ 55/17{186/19 |189/18 |198/191225/19 [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]247/176 .
190/8 1242/30 [251/48 1258/72 1219/11]88/4 [45/20 132/27 14/39 |314/21 1250/371244/59 |242/731244/83
. 263/20 | 255/14 | 249/11 |261/151272/14{281/17304/191322/19{299/26{276/32 |258/45}254/59 {252/70}252/76 .
246/10 | 213/15 {207/201232/34 1236/291242/221296/10]317/131303/23]274/33 |254/47{251/60 |250/681251/72
. . . 267/32(269/29|274/30{273/33|284/32|286/34}276/37|268/44 |255/511250/58 {248/65{247/67 .
268/401254/41 1255/39]1255/351271/231273/231273/321267/46 [254/531251/59 |251/641253/66
. . . 269/441269/471270/47|268/48)265/49)262/51 [253/56(252/55 {250/ 56 | 247/ 55 .
263/491254/511250/4641292/371281/461274/53 1259/57|258/57 1255/631252/66
. 264/591257/571256/561255/57 |253/511253/53 [255/461252/40 .
280/581272/481270/461265/52 |263/601262/51 |263/43]258/41
Plotting model:
Average Error
1dd/ Tvv Verifying Date EIdd/EIvv  EDdd/EDvv
Ddd/Dvv 2 January 12GCT 13.1/4.3 17.5/5.3
3 January 00OGCT 19.4/8.3 26.3/8.1
3 January 12GCT 27.6/12,1  27.3/11.9
4 January OOGCT 25.3/5.3  23.5/8.9
Table VIb: Idd/Ivv: Interpolated kinematic 12 hour forecast verifying & January 1961, 00 GCT, using

mean values at grid points between original smoothed input data at t=0 and direct kinematic
24 hour forecast smoothed by scanning.

Ddd/Dvv:

4 January 1961, 00 GCT; smoothing on input data and forecast,

Direct kinematic 12 hour forecast verifying
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which did not correspond to reality and which consequently resulted in high
forecasting errors,

This was remedied by weighing original station values of h and A h 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 h and Ah 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 of jet-stream systems (Namias 1947), objectively
analyzed grid-point values of h and Ah were moved to the right by 1% grid
distances in order to arrive at a 12 hour forecast of the h and Ah fields, 1In
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 conditions 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 cut to be appreciable. Again, the kinematic
extrapolation techniques seem to be inferior to persistence by about 4 mps on
the average.



6983
. 19941
. . 3468 |3630 . . . . . . . 4171 14994 [5863 | 6660 | 6870
11233110643 14629117660]18267 | 18552117278
2994 13287 (3815 [4030 [3682 [2889 . . . . 4440 15308 | 5994 (6169 | 6477 | 6504
11498112248112691111761[10560 (8890 . 118461165571 18539/16800 15900 14949
3274 14129 14833 15201 5128 14769 [4425 4261 [4254 14362 | 5019 | 6280 [6854 |6767 6535 {6158
12434114173115221115204[14767113852{13097{12600]11801§11642}13595/17649/19004{16858{ 14343|11813
3252 |4012 ]5045 [5971 |6018 |5740 | 5614 {5054 {4570 }4511 | 5133 |6198 |6279 5789 5591 | 5628
12769114012115316[16616/16661(16307]16254114717{12980}12527114387{17589}17123[14844 1 1349312175
4807 15221 [6175 |6756 |6840 [6937 [ 6999 {6332 |5387 |[5246 |5483 |5928 6042 |5602 5004 } 4570
15695(16365{17694[18703]19152}119669] 19999} 18203|15640{15236]15276]/15717115393]13407 1 11956}11450
. 4575 15338 {5920 {6092 (6114 [ 6530 16440 [5839 |5881 }5850 |5788 [5594 (4918 4333 | 3525
15323]16126[17039(17126[17522{18913{18532}16884116904]15429}113578]13673(12445]} 11770(12102
. 4197 15262 |5998 6211 |5659 | 5661 | 6571 {6333 | 5565 | 5508 {5941 [ 6085 |5438 | 4677 |4146
15038{16033116879}17554]16683|16901]18228]17121{15700]{14611]140041139943112740} 12022{11901
. 4661 [5670 5580 [4789 |4652 | 5183 |5523 |4532 4137 | 5069 |5752 }5925 | 5348 |5100
15939117365116720}15005{ 14948} 16058116305]15913}13800{12106{12513]13120] 13886{13200
. . 5370 {3980 | 3686 | 4239 14449 [4283 4414 | 5055 15793 5965 5774 | 5204
16371113202]1 12638} 13634113552113141]13068]12736/12688]13682{ 15235]14427
. . . . . 3299 {3536 |3916 |3567 {4100 |5566 . . 6430 {6362
10435]11676]12451112432{12377112344 14772116189
. . 3967 {4286 | 5422 . . . 5798 |6006
12188}12548] 12601 1131713638
Plotting model:
Ah
h
Table VIla: Direct 12 hour forecasts of thickness ( A h) and height (h) of LMW, verifying

at 4 January 1961, 00 GCT; swmoothing on input data, no smoothing on forecasts,
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. . "783 - . . . - . . . “43& "946 ‘710 "585 -

-1625 396 }-2731j317 {-1338
18891883 | -568 |-1629]-1296] . . . . . 542 |-1282}1-2171}-1590]-853 .
245 1-4671-18821-1638]-32 3438 | -25461-6519]|-2888]-2830

2555594 |-1424}-2538}-2577|-2067}-594 |520 {1290 1309 406 | -1987|-2935]-2438]-1404 | .
1887135 ]-3217}-3871]1-3927]-3238]|-26671-2688173 1531 1909 | -4086[-7535]-5546{-3928
2949 11575{-514 |-2183{-2770(-1680|-495 |307 1624 {1604 1693 | -1008]-1939|-1790]|-1041 .
24751(2873{ 237 |[-2355]-3619|-26191-1734-1696{1655 2823 11643 | -2323{-4207}-3583{-3346
17461335 | -2346{-2614|-2965}-2636|-1228[-358 |969 |1635 |1374 | 582 [-189 [-1047}-880
405 11979]-2366{-3243]-4255]-5057]-3594{~-3328 1930 12795 |2345 ! 3043 [1742 [-240 [-866
. |-579]|-1277}-1587{-2369|~2194|-810 |-722 [-144 (281 553 |} 2951 [2175 |1148 145 .
681 1-150 [-920 |-2232]|-2299|-443 {-1822(-701 |-1785/761 |10907{8793 {5750 ]2510Q
. 1373{-408 |-522 |-2445]-2004}-1034(-1612-826 {239 }1218 | -1349]-2548}-2007]-2253
247211065 {873 {-2041}-1067]-585 {-29761-2357]-2255F2479 | 130 [~-1449}-2225{-5223
. . 654 |-215 |-995 [-479 |[-687 |-1321(-1915|140 }212 | -1196}-1159|-213 |-3453 | .
51 |-14861-2666]-11811{-973 |-2499]-36541-3652{-2935 | -632 15 | 300 {-10348
709 | 1336]1255 | 736 | 181 | 70 |-397 | -1339|-1739|-1807|-782 .
-3954}-173 | 599 {-10471-1129-943 |4944 | -1887]1-2997{-3885|~-835

. . . . . . 12048 | 1266] 417 | 704 }880 | ~-1129f . . -692 .
2607 | 14021 478 | 603 11375 682 1117
Y '42 . . . . . -663 .
" 11683 5028
Plotting model:
E_AN Average Error
Eh Verifying Date EAh Eh
1 January 12GCT 1250.1 2797.6
2 January O0OGCT 766.9 2222.4
2 January 12GCT 853.2 2230.1
3 Janvary 00GCT 782.6 1909.8
3 January 12GCT 1046.1 2048.1
4 January OOGCT 1251.9 2315,0
4 January 12GCT 871.9 2424 .8
Table VIIb: Differences between actual and forecast thicknesses (E Ah) and heights

(Eh) of LMW, verifying at 4 January 1961, 00 GCT; smoothing on input data,
no smoothing on forecasts.

-Lzo



[ y .
744 -364 [-842 . . . . . . 635 ~296 }-1599{-2343}-1776 {-737 .
-1331 }|-811 [-534 1417 | -3633{-3131}-34481-144 [1385
1268 155 }{-798 {-919 |-73 . . . 8 69 ~969 |-2012|-2478}-2074 |-731 .
-1185 |-672 |-261 73 2797 -224 1-2081}-3818]-3965|-36041-2264 |-652
1203 {-318 |-~1952{-2233}-2092}{-1506}-484 |588 1015 }162 -16261-2363}-2959{-1863 {-994
-908 -10031{-3193{~30051-2526{-2215}~19411-1320{-178 |-1963]-4657]-4284}-44011-1504 {-395
1773 -75 ~17491-1968 }-2477 |-1443} 514 |825 1708 |337 -791 {-751 |-1297(-15461{-11611} .
731 766 |-1558]-19491-3362(-2416] 1190} 390 2213 |-1002]-2795}-154 {-1353}-1456 |-1486
910 -11501~2976-27341-31241-2698] 106 |865 972 1300 | 582 701 459 -59 -403 .
-848 -97 -3637 |-3880}-5102{-5387{-3 3 969 3081 11137 (4458 4625 1766 |-409
603 -16331-2150-1640}«2533|-2885}-355 | 115 -464 1620 370 3584 3089 {2080 |1414 .
-280 -588 |-1510])-648 |-3383(-4326] 955 {457 -137311817 12335 J10995[11066{6056 |2216
705 -166 |-1405]-687 |-1390(-25111{-2349]-731 66 230 -20181-1270{-14781-908 {-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 |-14221-2284}-1100] 709 |-33021] .
123 -96 -1715}) 144 1221 1-17971-2520}-2557 |-3060 (372 -14581-12301-1007{-817 |-8625
. 12021 2318} 2630} 1394 385 633 408 |-252 | -1489(-2364]-1796]-15401 281 .
-450 }-30 438 1-268 1-735 | -546 [-727 }-788 {-1362]-2042}-4783{-6200] 1543
. . . . 38651 3125( 1592} 725 | 12771-871 {-1010 . -1780|-1469 |-440 .
2186} 1565]| 661 557 588 623 1475 -1378|-2040 {-877
1170] 245 {-773 . . ~1943}1-2238 |-1063 | .
17871 14341 1244 37551 623 1091

Eh

EAh

Table VIIc:

Plotting model:

Verifying Date

1
2
2
3
3
4
4

January

12GCT

January OOGCT
January 12GC
January 00GC

January
January
January

T
T

12GCT
00GCT
12GCT

EA D

1435,0
894.8
878.5
876.2
966,6

1265.9

1063.5

Average Error

Eh

2938,0
2353.3
2263.8
24848
2273.2
1885.4
2809.5

Differences between actual thicknesses (E A h) and heights (Eh) of IMW 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 persistence,
averaged 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 tic-up with the geostrophic wind field at some upper-level 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 125 m when using the
kinematic technique. Similar conditions hold for predictions of the thickness
of the IMW (Fig. '4) where the kinematic 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 LMY 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 & 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. 13: Time section of mean forecasting errors of LMW heights

(m), made by kinematic extrapolation and by persistence,
averaged over grid points shown in Fig. 4.
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Fig, 14: 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.

5
20 40 BO

/ ’/Z
~ —

}g;

LMW=Fcst [
Wind,mps )
4 Jon81002 "

Fig. 15: 24-hour forecast of LMW 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. 17:
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12-hour forecast of LMW heights (km), verifying 4
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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 wind directions (deg) of the LMW, 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.

& XN

Fest. Ervor
Olraction, deg; Speed, mps
4 Jon.61,00 2 %

; i <
i ) .
H ) S e\

Fig. 18: Errors of 24-hour forecasts verifying 4 January 1961,
00 GCT of IMW speceds (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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Porsistence Error [

Direction, deg, Speed, mps
4 Jon. 81,002

Fig. 19: Errors made by 24-hour persistence '"forecast', verifying
4 January 1961, 00 GCT, of LMW 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
1MW, Kinematic extrapolation produced predictions of better quality than
persistence within the shaded regions. While over the area of the whole United
States on the average 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: Differences 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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Direction,deg K
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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,

LMW=Analysis |-
Wind, mps
23 Jon.8, 00 GCT

Fig., 22: Objective analysis, 23 January 1961, 00 GCT, of LMW
speeds (mps, areas with speeds > 50 wps: 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 LMW 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
were not able to penetrate the rather strong jet stream far enough to permit
computation of these two LMW parameters.
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Fig., 24:
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Objective analysis, 23 January 1961, 00 GCT, of LMW

B = barotropic regions., Jet axes as
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Objective analysis, 23 January 1961, 00 GCT, of LMW

thicknesses (km),
as in Fig. 22.

B = barotropic regions.
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Fig. 26:
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LMW-Forecost
Wird, mpe
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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,
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12-hour forecast of LMW heights (km), verifying 23
January 1961, 00 GCT. B = barotropic regions,.
lines: jet axes of Fig. 22,

Dashed
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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,
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Fig. 28: Errors of 24-hour forecasts, verifying 23 January 1961,
00 GCT, of LMW speeds (mps, solid lines, vertical
numbers) and directions (degrees, dashed lines, slant
numbers). Errors were computed as differences between
Figs. 25 and 22,
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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,



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: 1 sec
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 and 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 have to be run with successive approximation techniques,
such as recommended by Bergthorrsson and Do6s (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 IMW, 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 A h may be computed as
follows, under the assumptions stated above:
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(Viax =08 Vyax): _5%3 = (Vpax -V): //2 -h 3)

where Vmax is the wind speed at flight level z, which may lie above or below the
mean height h of the LMW, Equ., (3) yields

0.4 -
vﬂvmax-'A—hxvmaxx/""/ (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
developed 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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Layout of data cards, containing minute-by-minute wind reports

COLUMNS

NO OO o

-

14

17

65

70

71

72

73

80

-5
-7
-9
-1

1

1
3

- 69

- 79

ITEMS
Station No.
Year
Month

Day
Hour

Beginning Minute

Wind Direction and
Wind Speed

Altitude of Last
Minute Punched in
Card

Minute Identifier

Wind Speea
Identifier

Height Identifier

Leave blank

Last card of flight

REMARKS

Schedules time 00 or 12 pilus or minus 1-1/2
hours, If more than 1-1/2 hours off scheduled
time punch actual time.

Sfc is punched 000 minute (lst 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
wminute or 2 minute intervals for the entire
flight, Winds reported in mps and tenths,.
Winds reported im knots will be punched to
whole knots - rounding off tenths position
if any. For wind 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' where necessary, when entered

at the same minute wind direction and speed

is reported. If height is not entered on

the same minute as wind direction and speed

is reported, punch next lowest height prefixing
'0' where necessary,

Punch 1 when card contains wind direction and
speeds at 1 minute intervals,

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

Wind speeds in mps - punch O,
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 directicn 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 which 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.



Avpendix 2: Program for determining Layer of Moximum Wind (IMW) Parameters,

The program: "LMW!" checks the input data cards for order, checks for bad data, uses the
harmonic analysis to smooth the wind profile and then computes and punches LMW parameters.

FLOW DIAGRAM

(1) 3 Read data for one sounding

e 3

<
. Print Station No.,
Last altitude: 9000 ft. —— Date and Time

Order cards Check for

bad data

and correct.

Interpolate 3

i’ missing minutes J,

< <
I _1ey)¢ 15 mps —>—3 "V (max+15)F 15mps Set:
max  (max-15) ax A h=7000 m
T2 h= 2000 m
Apply harmonic analysis: Compute:

Use 9 harmonics, replace
each wind speed by its
harmonically smoothed value

4

D = 1/3 (DgpootP;00001P12000)

~

— é - e Punch Station No., Date,
n an T H =
max (Vmax) 1me’_vmax’ (Vpax)» D»
Ah, h

(1)

(1) Punch Station No.,
¢ Date, Time, vlast’

Dlast’ Hlast

Vmax = ax'v(max+15?: 15 mps

Ny
y




b 2
Find 0.8 V.o

Find:
B1=h 0.8V ) <

hmax

Does No

-52-

hy= heg gy
Exist

v

Replace h, by
1.8hmax =0.8h;

Ah= hy-h,
>
(3) = < Have Yes
< k: 7000m secondary
maxima
.XIJO
No Yes
there Punch
secondary Secondary
maxima? Maxima
B
(2) <
e Number of harmonics: 9 =

Reduce number
of harmonics
by one

A

h = h1+h2
2
4
A =h-h.. |
D= average direction
between hl and h,
4
V= 0.9 V.,
¥
Find D
Vinax)

6

Number of harmonics:

h 4

Punch Station Nc., Date, Time, (1)

Vimax, D(V s
max

Ah, h, A}, ¥,

)

H(Vmax)! hl, hZI

D
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SYMBOL DEFINITIONS

Main Program

Input:
1. NS - station numbers
2, STAEL - station elevations
3, INOS - first station number for computation
4, INYRMO - first year and month for computation
5, IMDAHR - first day and hour for computation
6, NOS - current station number
7. NYRMO - current year and month
8. MDAHR ~ current day and hour
9. MIN - first minute of data on each card
10, ANBR - alphanumeric input of data (needed to read fields of eleven
punches indicating missing 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., TVMAX, VMAX - maximum wind speed (punched as wind speed X ten)
2, IDMAX, DDN-direction of VMAX
3. TIHMAX, HMAX - height of VMAX
4, 1IDH, DH - thickness of LMW
5. IHB, HS - 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. 1IHMI, HMI - height of secondary maxima
10, IHL, Rl - lower height of LMW
11, 1IH2, 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, VW - 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, VMAX8 - 0,8 VMAX
5. NN - number of wind speeds and directions after harmonic analysis
6. C - coefficients for hsrmonic analysis
7. A - 15th point below VMAX% used in checking for baratropic wind
8. B - 15th point above VMAX
9, SN - sine functions used in harmonic analysis
10. G - wind speed minus linesr terms for harmonic analysis
11, DELTH - average height increase in sounding per minute

SUBROUTINE VALT

Call

.

oS~ LN

list:

V - value of data at desired altitude

ALT - altitude of needed value

DELTH - average height difference between data points

VV - data from which to choose needed point

K - indicates whether VV is wind speed or wind direction
N - anumber of data points



SUBROUTINE ROUND
Call 1list:
1, IVV - value of VV after sounding and representing as a fixed point
number
2, VV - value to be rounded

COMPUTER TIME

Error checking, harmonic analysis and extraction of IMW parameters consumes
approximately 1 second on the average per station, per map time, of IBM
7090 computer time,



LMW
DIMENSIONVV( 64)9DD( 64)9NH(12)9ALT(12)oMIN(IZ) oNDELYVI12)9D(96)
L1oG(60)2CI9)sNS(74)9STIAELITA)INI(2)9MI(2)eSNIPe6V) 2ANBRIGE)VIFS)

12
1050

1035
1040
1045

10

il

710

285

50

1605

1610
160Q
85
90

100

40

READ INPUT TAPE Se4s (NS(I)sSTAEL(I)siIn]lp74)
FORMAT(1I59F5e0)

READ INPUT TAPE 5912¢IN0OSs INYRMOs IMVAHR
FORMAT(159214)

READ INPUT TAPE 4912 9NOSsNYRMO#MDAHR
IFCINOS-NOS)10509103541050
IFCINYRMO-NYRMO)10509104091050
IF(IMDAHR~-MDAHR)I105001045491050
BACKSPACE4

AMINUS=140

DO 10 iI=1964

VV(1)=0eU

DD(I)I=0eU

DO 11 I=)s9i

D(lI)=veD

V(1)=0eU

DQ 71iv Ju=l,d

Min(J)=0

ALT(J)=0e0

NDELVVIJ) =0

NH{J) =V

IL=1l

IU=g

JEl

READ INFUT TAFPE 4929 NUSINYRMUIMDARR»MINIJ) o (ANBR (K ) o=l 040
A(J)oinveLVVIJIsNUNLT siNF(J)
FORMAT(iDeclaolonbabFleC sFS5eUidad)
IF(NOS=YYY99)2002809265

END FILE &

FND FILE 8

ENC FILE 8

REWIND &

CALL EXIT

I=IL

DO 1600 K=1s4096

ANB=ANBR(K )

IF(SIONF LAMINUSPANG ) )16059161091610
D{il)=uvel

Vil)=0eu

GO TO 1600
DII)=ANSRIK)*¥L100e0+ANBR(K+1)#*10e O+ANBR(K+2)
VI1)=(ANOR(K+31%L00¢ 0+ANBR(K+4)#10e0+ANBR(K+5))/1040
I1s]+1

IF(NH(J)I=1)85390995

LC=0

GO T0 100

NH(J)==0

LC=]

GO TO 100

NH(J)=0

LC=al

IF(J=1)35035440
IF(NOS-MNNOS)L0UV0e5521000

JoALT
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55 IF(NYRMO-NNYRMD) 100506291005
65 IF{MDAHR~MMDAHR) 101097591010
75 IFIMINCI)=FIN(J=1))1059 35435
105 K=yu=2
KK=Q
130 JF(K)13501350125
125 KKakKK+1l
IFIMIN(I)=MIN(K))IL115901159110
135 KK=KK+1
L10 K=K+l
KK=KK#8
DO 120 .=lLslV
A=D(1)
IKK=1-KK
D{I)=D(I KK)
D(I KK)=A
A=V(l)
ViI)=v(l KK)
120 V({1 KK)=A
A=EMIN(J)
MIN(II=MINCK)
MIN(K)=A
ARALT (J)
ALT(J)=ALT (K)
ALT(K)=A
N=NDELVVI(J)
NDELVV(J)=NDELVVI(K)
NDELVV(K) =N
GO TO 75
115 Ks=K-1
GO Tu 130
35 IF(LC)30930945
30 IL=1L+8
IU=]Uu+8
Jed+l
READ INPUT TAPE 4929sNNOSeNNYRMOsMMDAHRIMIN(J) 9 (ANBR(K) 9K=1948 )
IALT(J) s NDELVVJ) oNUNIToNH({J)
GO TO 50
45 IF(ALT(J)=900060)15980980
15 WRITE OUTPUT TAPE 6939NOS»sNYRMOIMDARR
3 FORMAT(29H LAST ALTITUDE LESS THAN 9000317)
GO TO0 1
80 IF(SENSE SWITCH 116799680
675 WRITE OUTPUT TAPE 6999 (MIN(JJI)9JdJdzle8)slD(L)aVIi)sl=1964)
680 [=]
K=§
DO 20 JJ=1leJ
II=MIN(JJ)+1
IF(II~664)1459145421
145 DO(I1)=D(1)
VWIll)=v(])
{=2]+1
IF(I=-K)15090150920
150 IF(NDELVV(JJ)=1)259259140
140 Jil=s]ll+l
25 11=11+1



IF(II= 64)14541459211

211 11l=64
GO T0 210
20 K=K+8
Ju=J
210 NCNT=0

DO 160 Islell
IF(DD(1)=-36040)18151810180
181 IF(DD())15591559170
155 IF(VVi1))165$16591025
165 NCNT=NCNT+1
GO TO 160
170 IF(VV(1))1025910250175
175 IF(DD(1)=360001185416859180
180 IF(DD(1)~86040)1902190¢1030
190 DL(I)=DD(1)=50040
IF(NUNIT)19191%19192
191 VV(I)=VV(I)+10040
GO TO 185
192 VV(I)=VV(1)+1040
185 IF(NCNT)160#160s195
195 IK=I-NCNT-i
IF(IK)1305+130091305
1300 1K=l
NCNT=NCNT=-1
1305 K=1
N270=0
D(1)=DD( IK)
D(2)=DD(1)
DO 1100 JK=142
IF(D(JK)I=27040)11009210591105
1105 N270=N270+1
1100 CONTINUE
IF(N270)200920091110
1110 DO 1115 JK=1»2
IF(D{JKI=9040)11209112001125
1120 D(JK)I=D(JK)+36040
1115 CONTINUE
200  IKK=IK+K
VVUIKK)I=VV( TR+ (VW IT)I=VVI 1K) 1#FLOATF(K)/ (FLOATF(NCNT)+140)
OOCIKK)=D(1)+(D(2)=DI1) )#FLOATF(K)/ (FLOATF(NCNT)+140)
DON=DD( IKK)
DD IKK ) =MOUF (DDN#36040)
KEK+1
IFLIK+K=1)20092059205
205 NCNT=0
160 CONTINUE
N=I1=NCNT
IF(NUNIT)21592150220
220 DO 225 i=1sN
225 VVI1)=VV(I)%5414791
215 AN=N-&4
1C=1
IF(SENSE SWITCH 2)143091435
1430 DO 1440 I=1,9
1440 C{1i=040
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GO TO 1445
1435 DO 230 I=2sNN
As(VV{I=1)+VV(I+1))/2e0
IF(ABSFIVV(I)=A)}=~15400)23002309235
235 VV(I)=A
230 CONTINUE
: IF(SENSE SWITCH 1)6659670
665 WRITE QUTPUT TAPE 649¢(DO(I)oVV(I)oIm1leN)
9 FORMAT(8F10e1l)
670 Ji=J
VMAX=aVV (1)
IM=1
DO 1505 I=2»N
IF{VMAX=VV(1))1510¢150591505
1510 VMAX=VVI(])
IM=1]
1505 CONTINUE
AaVMAX~-VV(IM=15)
IF(A=15e0)151596719671
1515 IF(IM+15-NN)1520915209671
1520 B8=VMAX=-VV(IM+15)

IF(B=15e01152596714671
1525 1C=2

GO TO 1430
671 DO 1500 1=199
DO 1500 J=19sNN
1500 SN(IOJ1=SINF(301415927*FLOATF(‘)*FLOATF(J“l)/rLUATf‘NN-l))
Asvvil)
Br0e0
DO 240 1=1s9
NII=N-1+}
240 B=B+VV(NII)
VV{INN)=B/90
Ba(B/9¢0-VV(1))/(FLOATF(N)}=540)
DO 245 J=1sNN
245 GU1)=VV(]I)=A=B*(FLOATF(I)=1e0)
Es2e0/FLOATF (NN=1)
DO 250 I=199
Clli=0e0
DO 255 J=1sNN
255 C(I1)=ClI)+G(JI*SN(]ed)
250 C(l)y=e#C(1)
D0 260 J=1»NN
EaQ40
DO 205 (=199
265 E=t+C(1)*SN(Iey)
260 VVIJI=A+B*FLOATF(J=1)+¢E
1445 DO 270 1=1+74
IFINOS=NS(1))27062754270
275 IH=1
GO TO 280
270 CONTINUE
286 NIiIN=N-1
IF(II~ 64113159131091310
1310 NIN=MIN(JL)=NDELVVI(J1)
Jdadi-l
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1315 IF(MUNIT 66616669672
672 DELTH=ALT(JJ)/FLOATF{NLIN)
GO TO 676
666 DELTH=(ALT(JJ)I=STAEL(IH))}/FLOATF{NIN)
676 GO TO (6908296)91IC

690 A=l
575 VMAX=VV(1l)
IM=1

DO 295 I=2sNN
IF(VMAX=VV(]1))30092959295
300 VMAX=VV(I)
IM=]
295 CONTINUE
296 HMAX=DELTH*FLOATH(IM=1)+STAEL(IH)
IF(SENSE SWITCH 11140091405
1400 WRITE OUTPUT TAPE 691401 sVMAXriMAX e LM
1401 FORMAT(2F15e2915)
1405 GO TO (140649315)1C
1406 GO TO (5606395)91A
580 IF(IM~NN)31093059305
305 VMAX=VMAX#10e0
DON=DD(NN)
CALL ROUND(IVMAX3sVMAX)
CALL ROUND(IDMAX»DDN )
CALL ROUND(IhMAX#HMAX)
WRITE OUTPUT TAPE 7959NOSaNYRMOMDARR ¢ IVMAX ¢ LUMAX 9 L A X
5 FORNMAT(1693I5014916)
GO T0 1
310 ASVMAX=VV(IM=15)
IF(A=1540)120593959395
1205 IF(IM+15~NN)1210912109395
1210 BaVMAX=VV(IM+15)
IF(B=1560)31593959395
315 DH=700040
HB=2000060
CALL VALT(DB898000e09sDELTHIDDSLoNN)
CALL VALT(D1091000000sDELTHIDD91loNN)
CALL VALT(D12+12000e09DELTHsDD1oNN)
IF(SENSE SWITCH 1)141091415
1410 WRITE OQUTPUT TAPE 6914119D689010eD12
1411 FORMAT(3F1l0e2}
1415 IF(DL12-D10)34593200320
320 PHI1=D12
IF(D1U~-DB)33093259325
325 PHI2=DlO
PHI3=D&
GO TO 370
330 PHI3=DlO
IF(D12-D8)34003354335
335 PHI12=0D8
GO TO 27¢
340 PHILl=Db
PHI2=D1l2
GO TO 370
365 PHIL=DLO
15{012-D8)35563509350



350 PHIZ2=D12
PHI3=D8
GO TO 370
355 PHI3=D1l2
IF(D10G-DB)36593609360
360 PHIZ=DB8
GO TO 370
365 PHILl=DS8
PHIZ2=0D10
370 IF(PHI1-PHI2=18040)37593759390
375 1F(PHIL1=-PHI3-180e0)380+3809385
385 PHI3=PrAl3+36040
GO TO 380
390 PHI1=PHI1-36060
380 DIR=(PHI1+PHIZ2+PHI3)/3a0
DIR=MODF(DIR936040Q)
VMAX=10s 0¥VMAX
CALL ROUND(IVMAX9VMAX)
CALL ROUND(IDHDLH)
CALL ROUND(IHBHB)
CALL ROUND( IHMAX s HMAX)
CALL ROUND(IDIRSDIR)

DDN=DD(IM)
CALL ROUND(IDMAXsDULN)
NR=]
WRITE OQUTPUT TAPE 7969NOSsNYRMOsMDAHR 9 IVMAX ¢ IUMAX 9 IHMAX 9 IDH INB s
1LIR#NR
6 FORMAT(I6931i5014916012X0216911X014012)
GO 7O 1

395 VMAX8=e8%VMAX
DO 400 I=1+1IM
IF(VMAX8~VV(1))40594059400
405 IM8=]
GO TO 41¢C
400 CONTINUE
410 DT1={(VMAX8=VV(IMB=1))/(VV(IM8)=~VVIIME=1)])
415 H1=DELTH#(FLOATF(IM8=2)+DT1)+STAEL(IH)
DO 425 1i=sIMsNN
IFIVV(I)-VMAXB8143094300425
430 IM82=]
GO TO 435
425 CONTINUE
H271 o 8%*HMAX=e8#H]1
DT2=040
IM82=NN
GO TO 450
435 DT2a(VMAXB=VV(IMB2=1))/(VV(IMB2)=VV(IMB2~1))
445 H2=DELTH®*(FLOATF(IM82=2)¢DT2)+STAEL(iH)
450 DH=H2~H1
IF(SENSE SWITCH 1)1420+1425
1420 WRITE OUTPUT TAPE 691421 9VMAXB9DTLoHLoDT29H2eDH IMEsIME2
1421 FORMAT(G6F11e39215)
1425 €D TO (58545501 s1A
285 I7{DH=T000e¢0145594554315
455 NR=9
NlsMN=]



570

490
465

470

475

480
485

495

520

530
540

545

525
500

505

510

460
486

061.

N2=500060/DELTH

NHMAX=0

8=

K=s0

NMIN=1

MI(NMIN)=N2

M=Q

DO 515 I=N2eN1

IF(K)4909490¢480
IF(VV(I+1)=VV(1))46595159515
NMAX=NMAX+1]

NI{NMAX ) =]

K=}l

GO TO 460

Mli=NI(1)

M2=N1(2)
HMleDELTH#FLOATF(M1=1)1+STAEL (IH)
HM2=DELTH#FLOATF (M2=1)+STAEL{IH)
IF(HM2~HM1-450060)53594759475
DDN=VV{M1)%*1060

CALL ROUND(IVVsDDN )

CALL ROUND(IHM1sHML)

WRITE OUTPUT TAPE 82 7sNOSHINYRMOSMDAHRSIVV e JHML
FORMAT(I69315916)

NMAX=1

NI(1l)=M2

GO TO 515
IFIVVII)=-VV(I+1))48504600460

K=0

NMIN=NMIN+1

MI(NMIN)=]

IFINMIN=2146004954495
Ml=NI(NMAX)

M2=MI(1)

IF{M1-N2)525+5204525

Ml=M1-1

IF{M1)1540+5409530
IF(VVIM1)=VV(M1+1))540¢5200520
M2=MI(2)
IFIVV(M1+1)=VV(M2)=5e¢0)51095459545
NI (NMAX)=M1+1

GO TO 505
IFIVVIM]L)=VVIM2)=560)5104500+500
M2=MI{(2)
IF(VV(M1)=VV(MZ2)=540)5109505+505
M=M+1

NMIN=1

MI(1)=MI(2)

IF(M=2)5155470+470

NMAXSNMAX=]

NMIN=1

MI(l)=MI(2)

GO TO(460+515)918
IF{I-N1)5159486+486

IB=2

GO TO 485



515
1555

15540
535
536

560
565
555
550
590
595

600
605

615

620
625
610

635
630

650
645

640
655
660

CONT INVE
IF(NMAX)15509155041555
MiaNI (NMAX)
HHMl=2DELTH®FLOATF (M1=1)+STAEL(IH)
DDN=VV(M1)%#1040

CALL ROUNDI(IVVeDODN)

CALL ROUND(IHM1oHM1)
WRITE OUTPUT TAPE 897sNOSeNYRMOaMDAHReIVVeIHML
IF(NR-=9)55595509550
IF(NR=6)55595559536
NR=NR~1
1F(NR=6)55545604560
I=NR+1

DO 565 J=m1l NN
VWIJ)=VV(JI)=ClII*SN{Ied)
GO TO 570

IA=2

GO TO 575

HB=(H1+H2) /260
PHB=HB~HMAX
IF{(DT1-e5)159095954595
IM8=IM8~1
IF(DT2-¢5160006059605
IM82=IM82~-1

N90=0

N270=0

DO 610 J=IM8Be1IMB2
IF(DD(J)1=~90e0)61596159620
N9QO=N90+1

GO TO 610
IF'OD(J)=270e0)61006259625
N270=N270+1

CONT INUE

SD0=060
IFIN90)640+6409635
IFIN270)64006409630

DO 645 J=IMBr»IM82
IF(DD(J)=9060165006500645
DD(J)=DD(J)+3600
SOD=3DD+DD(J)

GO TO 660

DO 655 J=IMBeIM8BR
SDD=SDD+DD(J)
NJ=IM82=1M8+1
DIR=SDD/FLOATF(NJ)
DIR=MODF(DIR9360e0)
VB= e IRVMAX
VMAX=VMAX%*10e0

CALL ROUND(IVMAX9sVMAX)
DDN=DD(IM)

CALL ROUND(IDMAX»DDN)
CALL ROUND(IHMAX»sHMAX)
CALL ROUND(IH1loHYl)

CALL ROUND(IH2eH2)

CALL ROUND(IDHoDH)

CALL ROUND(IHBsHB)



1000
1001

1005
1006

1010
1011
1015
1020
1021

1025
1026

103y
1031

CALL ROUND(IDHB#DHB)

VBasvB#1040

CALL ROUND(IV8sVR)

CALL ROUND(IDIRoDIR}

WRITE QUTPUT TAPE 7'BoNUStNYKHOvMDAHRoIVMAXtIDMAX:IHMAXoIHI.IHZGID
IH2 IHB 2 LOHB 2 IVBe IDIRNR
FORMAT(]693150149616915914912)

GO TO 1

WRITE OUTPUT TAPE 691001 sNOSPNNOS

FORMAT(19H ERRORs STATION NO 218)

GO TO 1015

WRITE QUTPUT TAPE 6910U0enNUSsNYRMOSNNYRMO
FORMAT(21H ERRORe YEAR OR DATE 189217)

GO TO 1015

WRITE OUTPUT TAPE 691011sNOSsNYRMOsMDAHRsMMDAHR
FORMAT(20R ERRORs DAY OR HOUR 18¢317)
IF(LC-1)1020¢1»1

READ INPUT TAPE 491021 eNHJ

FORMAT(36X935X91I1)

IFINHJ)10200102091

WRITE OUTPUT TAPE 691026 9sNOSsNYRMOIMDAHRSDD(I)eVVII)sel
FORMAT(14H ERRORs DD VVIB892179F5e09F5el0l4)

GO 70 1

WRITE OUTPUT TAPE 691031sNOSsNYRMOSMDAHRIDD (1) ¢l
FORMATI(27A ExROUR» VDD GREATER THAN 86018021 7sF5evel4)
60 T0 1

END



55

51
i0

15
25
20
50

35
40
45

20

15
1V
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SUBROUTINE VALI(VIALIsLDELTHIVVIKIN)
DIMENSION VV{100Q!
FaALT/DELTri+1la0

1=F

DeF~FLOAIF(])
IF(I=N)151855¢55

VEVVIN])

GO TO 20

IF(K)} 10910915

VaVV L I+0% (VVLI+1)=VVii))
GO Tu 20
IF(VVII)=90e0)25925035
IF(VWVi+1)1=270e0)10030930
VVv{]l)=svWvil)+360e0
VaVV{I)+D*(VVII+1)=VV(i))
VaMODF(V9360e0)

GO TO 2v
IF(VV(I)}=270e0)10940040
FEAVVLI+1)=90e0)45045910
VVI+1l)=VV(][+1)+36040

GO TO 550G

RETURN

END

SVpRUUEINE RUUNDL LVVIVY)
Ivi=vy

Fvv=ivy

IF(VV=rvv=0e5)10 15915
IvVv=ivv+l

RETUKN

END



Apoendix 3:

-6
inal print-ocut of the layer of maximum wind parameters

The columns may be ident:*i{ed as follows:

The following table contains

1, Station identification number
2, Year and month

3. Day and hour

4, Vpax = maximum speed of smoothed wind profile

5. D = wind direction reported at level of maximum speed

max

6. bhpay = height of wind maximum
7. h; = lower boundary

of IMW
8. hy = upper boundary
9. hg = hy = h = thickness of LMW

10, h; + hy = h = height of LMW
2z

11, h - huax = height difference between height of LMW and hj,.; serves as
indicator of asymmetry of vertical wind shear

12, 0.9 Vv = mean speed of LMW

X

13, D = mean direction of LMW

14, N = pumber of harmonics used in computing the smoothed profile:

N

: barotropic case
¢ LE Voax = Viast

6
1
(V]

a # yr & mo day & hr Vmax Pmax Hmax HI

062
062
062
008
008
131
131
131
131
131
131
143
143
143
157
157

6101 1000 25.4 263 11335 7825

6101 1012 30.8 215 10027 84569

6101 1100 42,1 32 10705 8612

6101 1400 19.9 297 11228

6101 1412 26.5 277 6811

6107 2712 337 254 13032 10723
6107 2800 407 255 11729 10G73
6107 2812 343 243 11873 9551
6107 2900 497 237 9150 8193
6107 2912 439 268 11072

6107 3000 429 246 10917 9455
6107 2812 558 261 12338 10766
107 2300 377 237 7549 5933
610 2912 781 247 11668 10100

6107 700 18 196 12188
6107 712 428 194 11195 9477

H2 DH

14142 6317
11937 3468
12276 3664

7000

7000
14583 3860
13430 3417
14571 5020
9915 1723

12086 2631
13954 3188
13060 7126
13258 3158

7060
12775 3298

a typical set of output data:

HB

10984
10203
10444
20000
26000
12653
11782
12061

9054

10771
12350

9497
11679

20000
11126

DHB

-350
175
-261

-379
53
187
- 95

-146
22
1948
12

VB

229
277

379

303
366
309
447

386
502
339
703

385

: number of harmonics used for vertical smoothing in baroclinic case

DIR

240
227

30
258
288
251
256
243
238

240
257
241
245

195
197

S

O O WO \W M- \O WY

WH O N W WO
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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
each grid point if enough data exists, otherwise a plane function is used,

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

FLOW DIAGRAM

Bgt constants]

ﬁead station
coordinates

Read grid point
coordinates

3)head date . Read wind speeds
’lnm time and directions

Compute U & V
components

2)

) Start with first
perid point

Find all available
stations without 9
units of grid point

d?ata buted Yes| Fit grid point

: stribute for U & V usin

Number of stations:8 in all & Sadratic &
quadrants unction

Go to next No

Last
grid point?




—————3! station within 6 units

(1)

Start with
first grid point

Find all available

of grid point

Number of stations:

4

Go to next
grid point

(3)
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distributed
in at least
3 quadrant

Yes

+ Fit grid point for U &
V using plane function

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

function

First
time

Yes

through?

No

Recombine U & V
components at

grid points into
DD & VV

~
Print results

in grid format

L 4

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 through

(2)

Y
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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:
. FDATE - first date for computation
FTIME - first time for computation
KA - map number for print-out
SDATE - current date
STIME - current time
. S - station number

AL PHWN =
L]

Others:
1. 1IPT - 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 fit
4, RUSP - U component, plane fit
5. RV5Q - V component, quadratic fit
6. RVS5P - V component, plane fit
SUBROUTINE P1
Input:
1. D1 - date
2, D2 - time
3. I50VV, A50VV - wind speeds
4, 1I50DD, A50DD - wind directions
5., I50H, A50H - height

Output:
1, V50 - V components
2, U50 - U components
3. JS - stores station subscripts
4, I0A - counts number of stations with data for current date and time

Others:
1, 10, LO - counts number of input stations
2. NSN - possible station numbers
3. JSN - subscript of station

SUBROUTINE P3

Output:

1. KGP - grid point number

. U - U components available for computing grid point
V ~ V components available for computing grid point
X - longitude distances from grid point to data point
Y - latitude distances from grid point to data point
L, LS, IN - number of data points available for computing grid point

v PN
® e
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Others:
1., UGPQ - U component, quadratic fit
2, VGPQ - V component, quadratic fit
3. QiT, 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. QLON3 - maximum longitude distance between grid point and data point for
quadratic fit
8. SLA - station latitudes for all statioms
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, YYyy, Xvy, XXXy, Xyvy, Xxxx, yvyyy, 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, SXyY, SXX, sv, SuU, 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 PS5
Input:
1, X - station latitude
2, Y - station longitude
Output:
1, SN - possible station numbers
Otters:
1. RAD - constant to convert degrees to radians
2. RTD - constant to convert radians to degrees
3. A00 - not used

COMPUTER TIME

Objective wind analysis consumes approximately 45 seconds of IBM 7090
computer time, per map,



¢ GRID
COMMONO
EQUIVALENCE(O(2421)9IPT(1))9(0(2878) sMPTLLIoMFP(2)19(0(2879)9KA(L)
11900024191 sSH(1))
DIMENSION 0(30001
IPT=5
MPT=6
CALL P5
READ INPUT TAPE 591sFDATESFTIMESKA
1 FORMAT(10X9sA6912913)
25 READ INPUT TAPE IPTslsSDATE#STIME
IF(FDATE~SDATE) 15910915
10 IF(FTIME-STIME) 15920015
15 READ INPUT TAPE IPTe2sS
2 FORMAT(1A5)
IF(S=SH) 15925915
20  BACKSPACE IPT
30  MFP=0
CALL WHIT
KAZKA+1
GO TO 30
END

SUBROUTINE WHIT

COMMON O

DIMENSION 0(32000)

EQUIVALENCE (SDATEPRDSQ)I o (STIMEIK. 2W)
EQUIVALENCE(O(2878) oMPT(1))
EQUIVALENCE(O(808)9P(808) sNVEL(40U2) snANGIZ01) )

A (O(2421) 9 ISNE2) 2 IPT(L)sSOH(3)iT(4)sRAD(D) 9CKIO )
Be(Q(2876) GLON(201) sGLAT (402))
EQUIVALENCE(O(1617) 9 RUBQ(BUY)Y RVDW(608)
A » RUSP(407)9 RV5P(200)
C ’ RTD( 5)» RO5Q( 4)9 KTdw( 3)i
DIMENSION RUSQ(201)s RVHW(201)
A RUSP(201)s RV5P(201)
C Pl0406)9 NVEL(2G1l)e NANG(201)
DIMENSION

A GLAT(201)sGLON(201)
READ INPUT TAPE IPTs 20019 SDATE» STIME
2001 FORMAT(10X»A6912)
CALL Pl
IF(SENSE SWITCH 21400094005
4000 WRITE OUTPUT TAPE 694010 (GLAT(K) 9GLON(K) #K=19201)
4010 FURMAT(10F10e2)
4005 CALL P3
IF(SENSE SWITCH 21300093005
3000 WRITE OUTPUT TAPE 6930019 (RUSQII)IsRUSPITI)eRVOQ(TI)oRVOP(I)el=19201)
3001 FORMAT(4F152)
3005 CALL P4
CALL P3
IF(SENSE SWITCH 21507045075
507Q WRITE OUTPUT TAPE 6930019 (RUSQ(I)sRUSP(I)sRVS5Q(L)IRVEP(1)9I=10201)
5025 CALL P&
‘RETURN
END
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SUBROUTINE P1

COMMON O

EQUIVALENCE(NS#IS)

EQUIVALENCE(O(2880)sLF (1))

EQUIVALENCE(O(2878)oMPT(1))

EQUIVALENCE(O(2415)9 SN( 800)s SLA( 700)s SLN( 500}

A ’ V50( 500)e US0( 400)9 AS0r( 300)
8 ’ IOA( 200)s JS( 100)e NSN( 800V))
C ’ {1SeS) e (ISHISHI 9 (0(2421) 9 SNC2)0IPT(L)eSii{3)01T(4)
V] ? RAD(51))

DIMENSION SN(O1U0)9» SLALULOU)Y SLNIOVLOO)
A ’ V50(01u0)s US0(0100)s A50Nn(0100)
B ) I1OAL0LV0) s JSLULIVOIY NONLOLOUV)

[0=0

LF=0

v CONTINUE
READ INPUT TAPLE IPlse T795e010029150VVelo0uueloun
1 FORMAT(1Xs1A2s2(1A0lA4)ellbellaelit)
IF(IS=1ISn) 99899
9 CONTINUE
D011 I=1slON
IFINS=NSN(IL)) 11912011
il CONT INUE
G0 TO 1l
12 CONT INUE
JEN=]
10a]0+1
LF=LF+1
ASUVY = FLOATFLIB0VV)/1Ue0
ASODD = FLOATF{1500D)#RAD

V50(LF) = =A50VV*COSF(A5000)
USO(LF) = =AS50VV*SINF({A5000)
ASOH(LF) = FLOATF(I50M)
JS(LF)=JSN

IOA(LF) = |0

607010

8 CONTiNUE
IF(SENSE SwiTCH 2)10091ub

100 WRITE QUTPUT TAPE 691060(V50(1)eU50(1)9AD0RI1)euS(L)eIVALL)I=1loLE
1)

106 FORMAT(2F12e29F15e20215)

105 RETURN
END



213

1005

7015
7020

71025

SUBROUTINE P3
COMMON ©
EQUIVALENCELO(288Q)sbirii))
EQUIVALENCE(O(Z28T78)emP I (1))
EQUIVALENCE(OU{1617)e RUDGiIoOUY)s RV5Q(608)
» RUSP(407)e RVHP(ZUD)Y
P(1617)»NVEL{1211)sNANG(1010)
’ RTL( 5)es RD5Q( 4}y RTS5Q( 3)
1ol 2616)9CKI{6))
FolU(caob)sD(44)oL{1)sUORVI2))
GolOlcaT4)vQLATB(1) sQLONB(2)oPLATE(3) sPLONB(4) sNSQB(5) sNSPB(6))

TN >

DIMENSTUN RUSQ(201)s RV5Q{201)
A v KRUSP(201)e RV5P(201)9
C P(0406)s NVELIZ201)e NANG(201)
Dy U(100)»B(6)oD(697)9DD(696)sUGPP(201)eVGPP{201)

EsUGPW{20l ) o VGPGWI201)
EQUIVALENCE(OU(2415)» OSN( 800)» SLA( 700)e SLN{ o00)

A ’ V50( 500)s WO0( 400)s ALOAL 300)
b ’ I0A( 200)s JS( 1001+ NSN(BOO))

Crlioea) e iSheSH)»(0(2421 ) IPT(L)oSH(3) 0l T(4)
DsRAD(5))

Es(0(2876) GLON{201)oGLAT(402))(0(2877) 0P (1))
F p(O(40619P(406))

DIMENSION SN(0100)s SLALOL100)» SLN(OLOO)
A ’ V50(0100)s U50(0100)9 AS0n(0100)
BeIOA(ULIUC) #JS(UL0U) PNSNIOLOO) » V(1001
C X(100)»Y(1U0)ISS5(100)

DsGLAT (2011 9»GLON(201)

LU 93 IrT=1lsl

DU 213 1= 19¢01

UGPUIlI)I=s 99949y

VOPQ(L)=s YYYery

CONT IiNJE

DO 92 KGP=1l9c0l

QlT=ve

Ql=Ue

Q2T=0oe

Qe=0e

Q3T=0e

Q3300

Q4T=0e

Q4=0e

L=y

IF(MEP) TO0D9 700097005

J=5

DO 7010 [=1+201
IF(P(J)-=999e99)70159701097015
IF{6eU~ABSF{OGLATIKGP I=GLAT(1))1701007020+7020
CONT INUE

IF(6e0=ABSF (GLONIKGP ) =GLON(L)))7C109702597025
CONT INUE

JiL+l)i=P(J)

ViLrll=rP(J+1)

L=l+1

1sS(Li=1
X{L)={oLoN{ ) ~CLON(KOP )}
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Y(L)=GLAT(])=GLAT(KGP)
7010 J=aJ«+2
7000 DO 5000 I= loLF
ISN= JS(I])
IF( QLATB = ABSF(GLAT(KGP) = SLA(ISN))) 5000950015001
5001 CONTINUE
IF( QLONB = ABSFIGLON(KGP) = SLN(ISN))) 5000450025002
5002 CONTINUE
IF(1000=ABSF(U5S0(1}))) 50009500073
13 IF(100e~-ABSF(V50(1))) 5000950000652
652 CONTINUE
UlL+1)=U50(1)
ViL+1)=V50(1)
GO TO 65
65 CONTINUE
L=l +1
ISS(L)= JS(I)
X{L)={SLN(ISN)~GLON(KGP)}
Y(L)= SLAC(ISN}=GLAT(KGP)
5000 CONTINUE
DO 5005 I= 1oL
IF(X{I)Y) 5006950075007
5006 CONTINUE
IF(YL{I)) 50089500905009
5008 CONTINUE
Q3T=le
Q3 =le+Q3
30 TO 5005
5009 CONTINUE
@2T=le
Q2 =le+Q2
GO TO 5005
5007 CONTINuE
IF(Y(E)) 5011501295044
5011 CONTINUE
Q4T=1e
ab  =le+U4
GOTO 5u05
5012 CONTINUE
QlT=1.
Ql=le+Q1l
5005 CONTINUE
LS=L
SQ= QlT+Q2T+Qa3T+Q4T
IF(NSQB~-L) 5003950035004
5003 CONTINUE
IF(SQU~-4e150104501395013
5013 CONTINUE
IF{SENSE SWITCH 21600096005
6000 WRITE OUTPUT TAPE 696001 oKGPo(U(TIaVIT)oXLI)oXY(I)olzlsl)
6001 FORMAT(IS5/(4F15e2))
6005 DO 5 I =146

8(I1=0
DO 5 J =147
D{1:J1=0,

5 CONT T



DO 90 L=1sLS

XY = AlL) * Y(L)

XX = AL} #* X(L)

YY = YiL) # Y(L)

XXY ' A(L) * X(L) #* Y(L)
XXX = Afl) # X(L) % X(L})
XYY = X(L) # Y(L) # Y(L)
YYY = Y{L) * Y(L) * Y(L)
KAYY = X(L) # X{L) #* Y{(L) % Y{L)
XKAAY = Alb) # X(L) #* X{L) * Y{L)
AYYY = All) * Y{L) # Y(L) * Y(L)
AAAA = A(L) % X(L) # X(L) * X(L)
YVEY = L) % Y{L) # Y{L) # Y(L)
UA = uiL) % X{L)

ur = Ul w Y{L)

VAT = vl v oaAll) #* Y(L)
VAA = uibl) » AlL) #* A(L)
UYr = uik) v Y L) * Y{(L)
VA = vibk) * X{L)

VY = vibL)y ® Y(L)

VAT = vibL) * A(L) # Y(L)
VAN = viL) % a{L) % K(L)
Vs = vk » TiL) % Y{L)
Litezs = wisreld) + AlL)
DiZsl) = uieri) + AKX
Visesi) = uiasid + AY
Uilasss = ulasi) + AARY
DiDesd = vioeli ™ AKX
vilosi) = viosl) + XYY
vllsegsr = viiser + vi{L)
Vildse: = viere) + AY
Vidse) = viose) + Yt
Llasc) = viasg) + AYTY
Ulose) = widse) + AKY
Vioesc) = wiosg) + 11Y
Vilso) = wvidea) + AY
Vg3 = vices) + AKY
Lissa) = vioed) + AYY
Ul%ss) = Diges) + AXYTY
DID93) = UidDes) + AAAT
Vloes) = vioss) + AYYT
Dliss) = Vilsu) + XX
Vicdea = ulcoa) + XXX
Vissa) = Lisss) + XXY
vlass) = Lidsa) + XAXY
UIDs4) = widsy) + XXXA
Dlosw) = viosa) + XXYY
Uile2) = wiien) + YY
Uldoeo) = wlcged) + AYY
Ulo9eo) = uiaev) + YYY
Ligsd) = DiasH) + AYYY
D(vsd) = U(bs3) + XXYY
L{bed) = D(orv) + YYYY
D(1s6) = D(196) + 1
Dl2eb) = D(296) + X(L)
D{39+6) = D(396) + YI{L)



Dlbob) = D(496) + XY
P(5c6) = D(5e6) + XX
Li666) = D(696) + YY
DLI«7) = D(1ls7) + V(L)
Di2e7) = D(207) + VX
D(3e7) = D(397) + VY
Ditho?) = D{(&4e7) + VXY
O(597) = D(5»7) + VXX
D(6e7) = D(697T) + VYY
Bll)laeB(1l)+U(L)
B(2)=B(2)+UX
B(3)=B(3)+UY
Bla)=B(4)+UXY
B(5)=B(5)+UXX
B(6)mB{6)+UYY

$0 CONTINUE
DO 377 I= le6
PO 377 J= Leb
377 DDUIsJdi= D(1lsJ)
Leé
CALL SES
VGPQ{KGP )= UORY
DO91 I= 16
D(le7)= B(])
91 CONTINUE
DO 378 I= 96
DO 378 J=m 146
378 D(Ied)= DDULIsJ)
CALL SES
UGPQ(KGP )= UORV
5004 CONTINUE
5010 CONTINUE
L=LS
92 CONTINUE
DO 200 I = 1,201
RUSQ(I) = UGPQ(1)
RV5Q(1) = VGPQ(I])
200 CONTINUE
GO TO 551
551 CONTINUE
93 CONT INVE
26 CONTINUE
IF(SENSE SWITCH 2)6010#6015
6010 WRITE OUTPUT TAPE 6+60119(RUSQ(I)sRV5Q(I)eI=]1p201]
6011 FORMAT(10F1le2)
6015 DO 193 IFT= 11
PO 2168 I= 1e201
UGPP(1)x 99949y
VGPP(l)= 99949Y
216 CONTINUE
D0192 KGP= 14201
GlT=0e
@l=Q,
Q2T=0e
02=0s

D216 0e



8005
8015
802v

8025

8010
8000

5101
5102

vae
85¢

85

5100

5106

510%

5109

5107

5411

5112

Q3=0,

QR4T=04

Q4=0,

L.=0

IF(MEP)IB8OUS 2800V 8005

J=5

DO &UlVU [=19201
IF(P(J)1=999499)8015980108015
IF(3eU=ABSF(GLAT(KGP)=GLAT(I))1801098020¢80/0u

CONT INUE

IF(3eUu=ADSF(GLON(KGP )=GLON(1))18010+80259802>

CONT INUE

UiL+1)=P{J)

ViL+l)=P({J+]l)}

LaL+1

Iss(L)=}

X(L)=1OoLUN({I)~-GLON(KGP))

YiL)=0oLAai(i)}=-0LAT(KGP)

JEJ+e

DV davu 13 1eLF

ISN= Jo(1)

IFl rLAio = ABSF(GLAITIRUF) = SLACISN))) 21ulebiviesivl
COnT 1ivue

IF( rLuino = AoSFr(GLUNIKGP) =~ SLN(ISNI)) 5100e51ueen1u2

CONT INnLUE

IFLLUVe=ADOriUSUI(L))) 510095100994
IFlivve—AuSrivVOUull))) 5100051000852
CUNI EnUE

UiL+l) = vouli)

Vitra) = voulia

LGV v o032

Cunlinve

LaLrl

IS3(Li= JS(I)

X(LIS(OLN(ISN)=GLON{KLP ) )

Y{L)= SLA(ISN)=OGLAT(KGP)

CONTiNuc

DO 5105 i= 1oL

Iriatiid) 51069510795107

CUNI iNve

IrdYlid) 51089510995109

CUNT LNVE

Qai=1le

W3 SLetwd

Gu v 21u=

Cuni 1invue

QLIT=1e

Q2 =lerue

G0 iv 21lv>

CONTiivve

IF(Y(L)) 21119511295112

CONT INUE

Q4T=1s

Q4 =lotwh

GOTO 51ud

CoOmTiNoz
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QlT=1le
Ql=le+ll
5105 CONTINUE
IN=L
SQ= WlT+Q2T+Q3T+Q4T
IFI(NSPB-L) 51039510395104
5103 CONTI{NUVE
IF(SQ=3¢) 51109511395113
5113 CONTINuUE
IF(SENSE SWITCH 21602096025
6020 WRITE OuTPUT TAPE 096UULeKGPo(U(I)oVII)eX(1)oY(L)oIsloLl)
6025 SVX = ve

SX = Ce
SY & Qe
sYyY = Ve
SXY = Ve
SXX¥ = Qe
SV = Ve
SuU = Qo
SVY =3 Qe
SUX =  0Qe
SUY = Oe

DO 11 N=1l»sIN

SX= SX + X(N)

SY= SY + Y{(N)

SV = SV + VvI(N.

SU = SU + U(N)

SXY= SXY + X(IN)*Y ()
SXX= SXXA * XIN)*X(iN)
SYY= SYY + Y{(N)*Y(N)

SVY = SVY + VInN)*T1{(N)

SVX = SVX + VIN)*A(N)

SUX = SUA + UIN)*AIN)

SUY = SUY + JUIN)#Y(nN)
1l CONT INVE

IF(SX+SY) 40019s4uvuze4uul
4002 CONTINUE
XIN = IN
VGPPIKGP) = SV/XIN
UGPP(KGP) = SU/XIN
GO TO 5110
4001 CONT INVE
FIN = IN
AP SAY # SX = SAX #® JY
bP SYY # S§X =~ SY # SXY
UGPP (KGP )3 {AP% ( SU*SAY=OUY#SA) =BP# (SU*SXX=SUAKOSA)) / (BP*(SX*S5X=
i FIN #5XX) = AP#(SX#SY = FIN¥SXY))
VOPP(KGP ) = (AP# (SV#OXY=SVY#SX) =BPk(OVH*SXX=SVAKSX)) / (pP*k(SX#SX~
1 FIN *¥SXX) = AP¥(SX*3Y = FIN®#SXY))
5110 CONTINUE
5104 CONTINUE
L=IN
192 CONTINUE
DO 554 1 = 19201
RUSP({Ll) = UuGPP{])
RVSP (I = VGPP(I)



554

555
193

6030
6035

1vé4

101
100
100
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CONT INUVE

GO TO 555

CONTINUE

CONTINUE

IF(SENSE SWITCH 2)603046035

WRITE OUTPUY TAPE 6960119(RUSP(T)IRVEP(I)9I=19201)
RETURN

END

SUBROUTINE SES

COMMON v

EQUIVALENCE (0(2465)9D(0044) 9L (0001)UORVIQGUZ) I
DIMENSION D(697)

M=Q

Il=L+l

DOLOV K=2911

MEM+ L

D010V U=Kell
DiMed)=uliveJd)/ulimeM)
IF(L=K} 10391049104

CONT INUE

DO101 [=KslL

DUl )=U(loJd)=L(leM)¥D(MeJ)
CONT INUE

CUNT iNutE

CONT INue

UORV=ulLel 1)

RETURN

END



460
470
480
430

50v
620

630
730
732
731

755

751

750
760

770
780
790
800
810
820

830

850
870

NnNr» mMmoan»
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SUBROUTINE P4
COMMON O
EQUIVALENCE(O(1617)s RUSQ(B09)e RV5Q(608)0

RUSP(407)9 RV5P(206)¢
P(1617)sNVEL(1211)sNANG(1010)
’ RTD( 5)s RD5Q( 4)s RTS5Q( 3)
1o{0(2421)9CKI6) )2 (0(2878)eMPT(L)oMFPL2))9(0(2879)9KA{1))
DIMENSION RU5Q(201)e RV5Q(201)
s RUSP(201)s RV5P(201)
P{O&406)s NVEL(201)»

DO 620 JK=19401
IFIRUSW(JK)=CK) 48094709470
RUSWQH{JIK)I=RUSP (JR)
IFIRVOWIJK)I=CK)D0094909490
RV3Q{JK)=RVSF (JK)

CONTiNUE

CONT INUE

P(l)}=RLSG

Pl2)=RT5Q

NP=4

DO 630 JL=19201

NP=NP+1

PINP)=RUBQ{JL)

NP=NP+1

PINP)=RV5G(JL)

IF(SENSE SwiiCh 217309731
WRITE UUTPUT TAPE 697329(P(JV)eJVaar&06)
FORMAT(A69216 22r8e2/(8F1202))
NV=0

DO 1250 JX=5940592

KX=JX+1

NVaNV+1

IF(P{JX]}=999e¢9Y) 75197559755
NVEL(RV)=9%

NANG(NV)=99¢%

GO TO 1250

NVEL(NV) = SQRTF(P(JX)#%2 + P(KX)#%#2) + 5
IF(P(JX) 179097504790
IF{P(KX))TBUSTT09760
NANGI(NV)=180

GO TO 1250

NANG(NV)=0

GO TO 1250

NANG(NV)=360

6O TO 1250
IF(P(KX))83098009830
IF(P(JX))81097709820
NANG(NV ) =90

GO TO 1250

NANG(NV)=270

GO TO 1250

CONTINUE

NANGI(NVY)} = ATANF(ABSFIP(JX)/P{KX))I#RTD + o5
IF(P(JUX)) 85098509840
IF(P(XKX)) 1250412500870
NANG {375 =100~NANGINVY ]

NANGL201)



840
880

890
1250

2002

2004

2005

2006

2007
9
3000

3005

2001

2003
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30 TO 1250

IF(P(KX)) 88098809890

NANG(NV)=360-NANG(NV)

GO TO 1250

NANG(NV) = NANG(NV) + 18Q

CONTINUE

IF(MFP)20029200192002

CONTINUE

NRITEOUTPUTTAPE MPT939KAs(P(MA)sMARL12)
FORMAT(1H19X93HMAPI6 99X e 4HDATEASs9X9&HTIMELS////)
WRITE OUTPUT TAPE MPT 49 (NANGI{MB) oNVEL(MB) 9 MB=193)
FORMAT(17Xe3(I4s1H/1305X)77/7)

MBl1=7

MB2=15

WRITE QUTPUT TAPE MPT 959 (NANG(MB) oNVEL (MB) o MB=MB1eMB2)
FORMAT(4Xs8(1491H/1395X)e1&4e1H/13///)

MB31=MBl+18

MB2=MB2+18

IF(MB2=177)200492004+2005

WRITE OUTPUT TAPE MPT 069 (NANG(MB) s NVEL(MB) 9 MB21879189;
FORMAT(30X930X922X92(1491H/1395X)e14elH/L13//7)

WRITE OUTPUT TAPE MPT»7sNANG(199)oNVELI(199!
FORMAT(30X»30X»30X918X91491H/13)

WRITE OQUTPUT TAPE MPTe29KA

FORMAT(1H199Xs16)

WRITE OUTPUT TAPE MPT 989 (NANG(MB)sNVEL(MB) s MB=64s6)
FORMAT( /7 30X930X922X92(1491H/1395X)e1401H/13/77)
MB1=16

MB2=24

WRITE OUTPUT TAPE MPT95¢ (NANG(MB) oNVEL(MB)esMBaMBisMB2)
MB1=MBl1+18

MB2=MB2+18

IF(MB2~186)20069200692007

WRITE OUTPUT TAPE MPT»5» (NANGIMB)»NVEL(MB) s MB=1909198)
WRITE OUTPUT TAPE MPT»99 (NANG(MB) +NVEL(MB)} eMB=2009201)
FORMAT(4X92(1491H/I395X))

WRITE OUTPUT TAPE 7430009eKAs(P(MA)sMA=192)
FORMAT(I49A6913)

WRITE OUTPUT TAPE 7930059 (NANG(MB) »NVEL(MB) sMB=x19201)
FORMAT(IGr 139140139149 139149130149130149139149 130149130149 I3el49]3

1)

GO TO 2003

MFP=1

IF(SENSE SWITCH 31200292003
RETURN

END
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SUBROUTINE PS5
COMMON ©

EQUIVALENCE (O{2421)9ISN(2)9IPT(L1)9SH(3)9IT(4)2RAD(5)9CK(6))
A2(0(2474)»QLATB(1) sQLONB(2) sPLATDLI(5)9PLONSB(4) oNSWB(5) #NSPBI(6)

BoAOO(7)sSDATE(B)»STIME(9))

De{0O(1915) SN 300)sSLA( 200)»SLN( 100))

E» (O(1613)sRTD(1))9(0(2876)9+GLON(201) sGLAT(402))
DIMENSION SN(100)oSLALL00)»SLN{100)»GLON(201)9GLAT(201)
H=5H99999

QLATB = 940

QLONB = 940

PLATB = 640

PLONB = 640

NSQe = 8

NOSFE = 4

AUV = 20000

CK = 999499
RAD=e01745329

RTD = 57429578

IT=1

ISN=0

CONT INUE

READ INPUT TAPE IPTe2e

FORMAT LAS96X9F5e292X0F202)

IF(S=5n ) 23ebe3
CONT INVE
ISN=ji5iNT]
SN{ISNI=S§
SLA(IaN) =Y
SLN(iIoN)=X

GOTO1

CONT INUE

DO 2002 1 = L9201

2002 READ INPUT TAPE IPTy 20030(K)sGLATIK) pGLUNI(K)

2003 FORMAT(3X91392F7e0)

IF(SENSE SwiTCH 2)300593000
3005 WRITE OUTPUT TAPE 6930069 (GLON(I)sGLAI L) 9Lalr201

1SLN(T)el=lolion)

Yo Sl )pSLA(I) e

3006 FQRMAT(40(10Ur 1el/)92FTel// ¢ 1X0A592F1Ue291X0A592F10e201X9A592r10e2)

1)
3000 RETUKN
END
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Program "GRIDHT'" is used for the horizontal analysis of thickness and average height.

The main program and subroutines WHIT, SES, AND P5 are the same as listed for program
"GRID",

Start

N/

[ Set constants |

~

Read station
. coordinates

-
?esd grid point
_coordinates

h.

(3)

Read date
and time

ead thickness
and average
elght

FLOW DIAGRAM

Start

erid

with first
point

Go to next
rid point

No

Find all available
stations within 9
units of grid point

7

Number of stations:8

Last
rid point?

Yes

Yes

Data

distributed
in all

4 quadrants)

Fit grid point
for thickness andg
average height
using quadratic
function

Start with
first grid point

ml
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4:ind all available

stations within 6
aits of erid roint

Yes [Fit grid point for
thickness and
average height
using plane function

Data
distributed
in at least
3 quadrants?

Number of stations: 4

o to next | No Last
grid point | \\E:ii\jfint?

Yes

N

Replace any points
unevaluated by

quadratic function
with value evaluated
by plane function

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, 3
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

(3)

Print results
in grid format

SYMBOL DEFINITIONS

o All symbols are the same as those used in the corresponding subroutines or the main
moﬂﬁm for "GRID" except the symbols used as wind speed or U component are used for thick-
a:5°f the layer of maximum wind and those used as wind direction or V component are used
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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o
100

106
105

SUBROQUTINE Pl

COMMON O

EQUIVALENCE(NSIS)
EQUIVALENCE(O(2880)sLF (1))
EQUIVALENCE(O(2878)sMPT (1))

EQUIVALENCE(O(2415)s OSN( 800)s SLA( 700)

SLN( 600)

A ’ V50( 500)s US0( 400)s ASOH{ 300)
B ’ IOA( 20019 JS( 100)e NSN( 800))
C » (ISeS) s (ISHISH)»(0(2421) 2 ISNI2)9IPT LI e0A3)]IT(4)
L ’ RAL(5))

LIMENSLON SN(OlU0)s SLALOLO0)» SLNIU1OOD)
A ’ V50(0100)s U3U(0Ll0UI Y AYOR(UVLIGO,
B ' 10A(0100)e J5(0100)s NSN(OLOU)

10=0

LE=0

CONT INUE

READ INPUT TAPE IPTs 795019029 150VVelnninn

FORMAT(1X91Ab92(1X91A4)027Xe216)
IF(IS-ISH) 995699

CONTINUE

VOlL I=19iSN
IFUNOS=NONUL ) 11912011
CONT. 1 invE

GV TV Lo

CUNT inNUC

JSiN= |

10=10+1

LF=LF+)

ADUVV = FLOATF(1I50VV)
ASUDL = FLOATFL1500LD)
Voullkr) = AbLB(OVY

UsU(LF) = ALBQGLD
JOS(LF)I=JUSK

ICGA(LF)Y = G

Guiviv

Cunt inve

Iriscense owiiCh 2)1009105
WRITe QUTPUT TAPE 691002 (VH0([)eL50(1 )
i)
FORMAT(2F12e29F156e2921%)
RETURN

END

JS(I)eICA(I)eol®doLi
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SUBROUTINE P3

COMMON O

EQUIVALENCE(O(2880Q)sLF (1)}

EQUIVALENCE(O(2878)sMPT (1))

EQUIVALENCE(O(1617)e RUSQ(8Q09)
» RUSF(407)9 RVSP(206)9

’ RTD(  5)e ROIQL
) 9(0(2416)9CK(6))
FolO(2465)9D(44) 9L (1)9UORVI(Z))

L)

moo»

RV5Q(608)

PL1617)oNVEL(2211)¢NANG(LOLO]
RT5Q( 3)

Ge(O(2474)9QLATB(1)9QLONB(2) sPLATE(3) oPLONB(4) oNSUB(5) 9NSPB(6))

DIMENSION RUS5Q(201)
A » RUSP(201)» RV5P{201)9
C
De

213

1005

9005

$C0¢C

701y
1046

162y

E2UGPQ(201)9VGPW(201)

RV5Q(201)

P(0&06)» NVEL(201)9 NANG(201,

U(100)sB(6)9D(697)eDD(696)9UGPP(201)9VGPP(201)

EQUIVALENCE(O(2415)s SN( 8003)e SLA( 700)s SLN( 600}
A ’ V50( 500)» US0( 400)e A50H( 300)
8 ’ IOA( 200)s JS( 100)e NSN(8OO0))
CollIS»S) o (1SHPSRIN(0(2421)» IPT(1)oSH{3)elT(4)
DeRAD(D))
Es(O(2876) GLON(201) »oGLAT(402))9(0(287T7)sMFP(1))
F 2{0(406)9P(406))

DIMENSION SN(0100)s SLA(OL00)s SLN(O100)

A » V50(0100)
BeIOALOLCO) 9JS(UL00) P NSN(Q100)»
C X(100)sY(1lu0)elS5S(100)
DeGLAT(2UL) »GLUN(201)

DO 935 irT=1si

DO «is i= 19201

UGPQI(I)= 99Ye9Y

VGPWI1)= 999e¢9Y

CONT INVE

DO 92 KGP=139201

QlT=0e

Ql=04

Q2T7=04

Q2=0.

Q3T=0e

Q3=04

Q4T=Ve

Q4=0e

L=0Q

IF{MFP)T70059 /700097005
JeKGP#2+3
IFI(P(J)=999699)90059900099005
UGPQ(KGP)Y=pP{J)
VGPQIKGP)=P(J+1)

GO TO 92

Jz5

DO 7010 I=19201
IF(P(J)~=999099)7015+701097015

U50(0100)»

A50H(0100)
V{i100)

1F(600-A3SF (GLAT(KGP)~GLAT(1)13170109702097020

<ONTINUE
IF(660~-~RSF {GLONI(KGP ) =CL
CONT InLC

ClULI)YIT01092702257025



7010
7000

901Q
9015

5001
5002

13
652
9025

65

9020
5000

2006

5008

5009

2007

5011

5012

5005

2003

UlL*1lisPlJ)

ViLrl)=PlJ+l)

LabLel

I18S(L)=1]
X{L)=(GLON(I)~GLON(KGP))
Y{L)=GLAT(I)~-GLAT(KGP)
Jad+2

DO 5000 1= lolLF
IF(MFP)9010e90159%9010
Jdal

I8N= JS({1)

IF({ QLATB ~ ABSFIGLAT(KGP) = SLA(ISN))}
CONT INUE

IF( QLONB =~ ABSF(GLON(KGP) = SLN(ISN)))
CONTINUVE
IF(100e~ABSF(US0(I))) 739500095000
IFL100a=ABSF(V50(1))) 6529500095000
CONT INUE

U{L+1)=U50(1)
VIiL+1)=V50(1)

GO TO 65

CONTINUE

Lel+l

IssiL)= JsS(l)
X{L)=(SLN(ISN)~GLON(KGP) )
Y(L)= SLA(ISN)=GLAT(KGP)
IFI{MFP)9020¢500099020
Jd=ddrl
IF(JJ=4)90259902595000
CONT INVE

DO 5005 = 1L

IF(X(L)) 500695007+5007
CONT INUE

IF(Y(1)) 50089500995009
CONT INUE

Q3T=1le

Q3 =loe+Q3

GO 70O 5005

CONT INUE

Q2T=1le

Q2 =le+Q2

GO TO 5005

CONTINUE

IFLYCL)) 5011501295012
CONT INVE

Q4T=loe

Q4 =le+Q4

GOTO 5005

CONTINVE

QlT=1l,

Ql=lo+Ql

CONTINUE

LS=L

SCGa QlT+Q2T+Q3T+Q&T

IFIMSEB-L) 5003500335004
CeMTINUE

5000950015001

500095002+5002
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IF({SQ=44)50109501395013

5013 CONTINUE
IF(SENSE SWITCH 21600046005

6000 WRITE OUTPUT TAPE 696001 sKGP e U(I)eVII)eX{I)eY(I)al=loll

6001 FORMATI(IS/({4F15e2))

6005 DO 5 I =146
B(I)=0s
DO 5 J =197
D{leJ)=Q,

5 CONTINUE
DO 90 L=1lsLS
XY X{L)
XX X{L)
YY Y{L)
XXY X{L)
XXX X(L)
XYY X(L)
YYY Y(L)
XXYY X{L)
XXXY X{L)
XYYY X{L)
XXX X X{L)
YYYY Y{L)
Ux UL
1Y) ¢ UL)
uxy UL
UXX UiL)
uYyY ul(L)
VX VL)
vY VL)
vXY VL)
VXX ViL)
VYY = V(L)
D(lel
D(291)
D(3s])
Dl4sl)
D(5s1)
D(érl)
D(1e2)
D(2e2)
D(3e2)
Dl4o2)
D(5e2)
D(692)
D(1ls3)
Di2¢3)
D(343)
Di4e3)
0(5+3)
D(6+2)
Dllsés)
D(2s4)
D(3o04&)
Dléotyy
D(5s4)

Yik)
Xik)
Y{L)
X(L)
X(L)
Y(L)
Y(L)
X(L)
X{L)
Y(L)
A{L)
Y(L)
X{L)
Y(L)
X(L) Y{(L)
XEL) X(L)
Y(L) # Y{(L)
X(L)

Y(L)

X(L)} * Y(L)
X{L) * X(L)
Y(L) * Y{(L)
D{lsl) X(L}
D(291) XX
D(3»1) XY
D(4sl) AXY
D(591) XXX
D(691) XYY
D(1ls2) Y{L)
D(2e2) XY
D(392) YY
D(492) XYY
D(592) XXY
D(62) YYY
D(1s3) XY
D(293) XXY
D(303) XYY
Di4s3) XXYY
D(593) XXXY
D(6s3) XYYY
D(lsh) XX
Di2¢04) XXX
D(3s4) AXY
D(&eg) AARY
DU(Ss6x) RI¥X

Y(L)
X(L)
Y(L)
YiL)
Y(L)
X(L)
Y(L)
X{L)
Y{L)

YiL)
YiL)
YL}
X(kL)
Yik)

* ¥ % ¥ %X ¥ ¥ % ¥

* %k % ¥k X%

*

BoWuUn M RER NN BN RN BN NN NN
»

u
% % %k % Kk % ok ok % k ok k % ok %k k k Kk ¥ k ¥ %

T4+ F 4+ F I+ A+ A+

88 3 KRB ABAE KN RN RED N NR D RYH



Di(6ea) a D(6ss) + XXYY
D(le5) = D(1les5) + YY
D(2e5) = D(2e5) + XYY
D(39e5) = D(395) + YYY
D(495) = D(4ed) + XYYY
D(5e¢5) = D(545) + XXYY
Di6s5) = D(695) + YYYY
D(1e6) = D(1l96) + la
D(2s6) = D(296) + X{L)
Di396) = D(396) + YIL)
D(4e6) = D(4o6) + XY
Di546) = D(506) + XX
D(6e06) = D(696) + YY
Dlle7) = D(1s7) + VIL)
D(20¢7) = D(2¢7) + VX
D(3s7) = D(397) + VY
Di4oT7) = D(hs7) + VXY
D(597) = D(597) + VXX
Dl6e7) = D(697) + VYY
B{l)y=B(1)+U(L)
Bl2)=B(2)+UX
B(3)=B(3)+UY
Bl&4)=B(4&4)+UXY
B(5)=B{5)+UXX
B(6)=B(6)+UYY

90 CONTINUE
DO 377 I=s 16
DO 377 J= 16
377 DD(led)s D(Isd)
L=é
CALL SES
VGPQ({KGP)= UORV
D091 I= 196
DUlIe7)= B(1])
91 CONTINUE
DO 378 I= 196
DO 378 J= 196
378 Pllsd)= DDLIoJ)
CALL SES
UGPQ(KGP )= UORV
500¢ CONTINUE
5010 CONTINUE
LsLS
92 CONTINUE
00 200 [ = 19201
RUSQ(I) = UGPQ(I)
RV5Q(I) = VGPQ(I)
400 CONTINUE
GO TO 551
551 CONTINUE
93 CONTINUE
26 CONTINUE
IF{SENSE SWITCH 2)6010¢6015
6010 HAITE OQUTPUT TAPE 696011e(RUSQ(I)ORVSQ(I)eIx1s201)
601 FCOTMAT(10F11e2)
6015 CZ 193 1IFT= 11l



216

8005
9035

9030

8015
8020

8025

8010
8000

9040
9045

5101
5102
94

852
9054

85

9050

-89-

DO 216 [= 1,201

UGPP(I)= 99949V

VGPR(I)= 999.9Y

CONTINUE

D0192 KGP= 19201
QlT=0e
Ql=0,
Q2T=Q,
Q2=0e
Q3T=0.
Q3=0,
Q4T=0,
Q4=0,

Le0

IF(MFP)}80059800008005
JBKGP#2+3
IF(P(J)~999e99)90359903099035
UGPP(KGP)=P(J)
VGPP (KGP =P (J+1"
GO T0 192
JB5

PO 8010 [=19201
IF{P{J)=999299)80159801048015
IF{3e0-ABSF{GLAT(KGP)=GLAT(1))18010¢802048020
CONT INVE
IF{3e0~ABSF{GLON(KGP)=GLON(1)))8010+8025¢8025
CONT INUE

UlL+1)1=sP(J)

ViL+1)=sP(J+1)

Lal+]

1ssS(Li=]
X{L)= (GLON(I1)~GLONIKGP))
Y{L)=GLAT(I)=GLAT(KGP)
JuJj+2
DO 5100 I= 1sLF
IFI(MFP)90409904599040
JJd=l

ISN= JS(])

IF{ PLATB = ABSF(GLAT(KGP) ~ SLA(ISN))) 5100651015101
CONTINUVE

IF( PLONB ~ ABSF(GLON(KGP) = SLNIISN))) 5100451025102
CONT INUE

IF(l00e~ABSF{US0(1))) 949510045100
IF(1006-ABSF(VHO(1))) 6529510095100
CONTINUE
UlL+l) = U50(])
VIL+1) = V50(1])
GO TO 85

CONTINUE

Lo+l

138 (L= JsS(1l)
X(L)=(SLN{ISN)~GLON(KGP))

Y{L)= SLA(ISN)=~GLAT(KGP)
IF(MFP)90500510099050

Juaddrl

IFlJU~4)9055990559¢5100
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5100 CONTINUE

DO 5105 1= lslL

IF(X(I)) 5106951075107
5106 CONTINUE

IF(Y(I)) 51089510995109
5108 CONTINUE

Q3T=le

Q3 =let+W3

GO TO 5105
5109 CONTINUE

Q2T=le

Q2 =le+Q2

60 TO 5106
5107 CONTINUE

IF(Y(I)) 5111511295112
5111 CONTINUE

Q4T=le

Qb4 =]l.+Q4

GOTO 5105
5112 CONTINUE

QlT=)le

Qlule+Ql
5105 CONTINUE

IN=(

SQ= QIT+Q2T+Q3T+Q4T

IF(NSPB-L) 5103¢510395104
5103 CONTINUE

IF(SQ~34) 51109511345113
5113 CONTINUE

IF{SENSE SWITCH 2)602096025

6020 WRITE QUTPUT TAPE 6360019KGPe(ULTI)oVII) o X (I )oY (L) olaLsl)
6025 SVX = 0o

SX B Oe
SY 5 Qe
SYY = Qe
SXY = Qe
SXX = Qe
Sv = Ve
SU = Qo
SVY = (.
SUX = Ve
SUY = Qo

DO 11 NslsIN

SX= SX + X(N)

SYa SY + Y(N)

SV 8 SV + V{N)

SU 3 SU + U(N)

SXY= SXY + X{(N)*Y(N)

SXX= SXX + X(N)*X(N)

SYYms SYY + Y(NI#Y(N)

SVY & SVY + VINI®#Y(N)

SVX = SVX + VIN)#X(N)

SUX = SUX + UINI#X(N)

SUY = SUY + U(IN)I*Y(N)
il CONT INUE

IF{SX+SY) 4001940029400}
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4002 CONTINUE
XIN = IN
VGPP(KGP) = SV/XIN
UGPP(KGP) = SU/XIN
GO TO 5110
4001 CONTINUE
FIN = IN
AP = SXY * §X = SXX # S§Y
BP = SYY # §X - SY # SXY
UGPP(KGP )3 (AP* (SUXSXY=SUY*SX) =BP#(SU#SXX~SUX®*¥8X)}) / (BP*(SX#IX~-

b FIN #SXX) = AP*(SX#8Y =~ FIN#SXY))
VOGPP(KGP ) = (AP# (SV#SXY=SVY#SX) =BP*#(SV#SXX=SVA¥SX)) /7 (BP*(SA#SX=
1 FIN #SXX) = AP#(SX#8Y = FIN#SXY))

5110 CONTINUE
5104 CONTINVE
L=IN
192 CONTINUE
DO 554 1 = 19201
RUSP{I) = UGPP(I)
RV5P (1) = VGPP(1)
554 CONTINUE
GO TO 555
555 CONTINUVE
193 CONTINUE
IF(SENSE SWITCH 2)603006035
6030 WRITE OUTPUT TAPE 6960119 {RUSPIL)IRVEP(I)el=102Vl)
6035 RETURN
END



460
470
480
490

500
620

630
7130

132
731

755

751
1250
2002

2060

2004

2005

DA MOUNH>
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SUBROUTINE Pé
COMMON O
EQUIVALENCE(O(16171s RUSQIB09)s RV5Q1608)»

RUSP(407)s RV5P(206)
P{1617)sNVEL(1211) ¢NANG(1010)
’ RTD( 5)s RD5Q( 4)e RTS5Q( 3)
190(0(2421)9CK(6))9(0(2878) JMPT(L)eMFP(2))8(Q(2879)9KA(1))
DIMENSION RUSQ(201)e RV5Q(201)
» RU5SP(201)» RV5P(201)

PlO406)s NVELI201)>»

DO 620 JK=19201
IFIRUSWIJK)~CK) 48014709470
RUSG(JK)=RUSP {JK)
IF(RVOW(JK)=CK)I50014909490
RV5Q{JK)I=RVSP(JK)

CONTINUE

CONT INUE

P(11=R0O5Q

P{2)=RTHQ

NPa4

LO 630 JL=1ec01

NP=NP+1

P{NP)=RUSQ(JL)

NP=NP+1

PINP)=RVOWG(JL)

IF(SENSE SWITCH 217309731
WRITE QUTPUT TAPE 697320(P(JV)sUVa19406)
FORMAT(AG916 92F8e2/(8F12e2))
NV=0

DO 1250 JX=5940592

KX=JX+1

NVaNV+l

IFIP(JX)=999e9Y) 75597559751
NVEL{NV)=99

NANG(NV) =999

GO TO 1250

NVEL(NV)=P(JX)

NANG(NV) =P (KX)

CONT INUE

IF(MFP)2002+200192002

CONT INUE

MB3=0

WRITEQUTPUTTAPE MPT#39KA9(P(MA)IMAZL2)
FORMAT(1H19X93HMAPI6 99X 9 4HDATEAD 99X s 4HTIMEL6///7)

WRITE OUTPUT TAPE MPTe4» (NANG{MB) 'MB=193)
FORMAT(17Xe3(2Xe16 23X1//4/7)

MBla?

MB2=15

WRITE OUTPUT TAPE MPT#59(NANG(MB) s MB=MBleMB2)
FORMAT(4X98(2Xs16 »5X)92Xe16 //7)

MBl=MBl+18

MB2=MB2+18

IF(MB2-177)200402004902005

WRITE QUTPUT TAPE MPTob68(NANG(MB) M3=31879189)

FOIIMATI30X930X022Xe2(2X016 05X)2Xe]6 i/l
WRITE QUTPYT TAPE MPTa7oNANG(199)

NANG (201)



2006

2007

3000
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2050
2055
2001

2003
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FORMAT(30X930X930X918X92Xe16 )
WRITE OUTPUT TAPE MPTe29KkA

FORMAT{1H199Xs16)

WRITE OUTPUT TAPE MPT 989 (NANG(MB) MB=4&46)
FORMAT{ ///7 30Xe30X022X02(2X016 95X)02X016 /17
MB1l=16

MB2=24

WRITE OUTPUT TAPE MPT 95+ (NANG(MB) s MB=MpBleMB2)
MBl=xMBl+1l8

MB2=MB2+18

IF(MB2-186)20069200692007

WRITE OUTPUT TAPE MPT 59 (NANG(MB) Ma=Ll909198)
WRITE OUTPUT TAPE MP1 99 INANGIMB)» ME=2009201)

FORMAT(4X902(2X916 »5X))

WRITE OUTPUT TAPE 733000sKA»(P(MA)sMAR]l92}
FORMAT(149A6913)

WRITE OUTPUT TAPE 7930059 (NANG(MB) sMB=19201)
FORMAT(1216)

IF(MB312050+205092003

MB3=1

DO 2055 MB=19201

NANG(MB ) =NVEL(MB)

GO TO 2060

MFP=1

IF(SENSE SWITCH 31200292003

RETURN

END



SUBROUTINE F&4
No new symbols are used

FUNCTION KPS
Call list:
1. K - subscript to be cycled
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FCST

COMMON O

DIMENSION 0(3000)

EQUIVALENCE (O(2)»MPT(L)oIPT(2))9(0(1913)9DD(603)eVVI1206)9IP4(134
17)91IP3(1488)91P2(1629)91P1(1770)9IP(1911))o(0(L1914)eTIM)9{0(2196)
2FV(141)2FD(282))9(0(2200) KAL) SsTIME(2)9DATE(3))

DIMENSION VVI20193)9s0D(20193)9IP(141l)slP1(14L)slP2(141)0oIP3awsys
1IP4(141)sFD(14L)oFVI141)oFDPL20L)eFVP(201)

IPTa5

MPT=6

DO 70 I=19201

FOP(]1)=999,0

FVP(1)1=99e0

CALL F1

READ INPUT TAPE 54104097

FORMAT(4X9A691XsA2)

READ INPUT TAPE IPT+109D1sT1

IF(D~D1)25915925

IF(T=T1125020025

DO 30 I=1s21
READ INPUT TAPE IPT#350JUNK

FORMAT(14)

CONTINUE
GO TO 40
BACKSPACE IPT

TiM=1240

Kl=l

KK=2

KR=3

Kzl

IK=]}

READ INPUT TAPE IPT9459KAPDATESTIME

FORMAT(I40A691X0A2)

READ INPUT TAPE IPTs509(DD(IsK)sVV(IsK)I=19201)

FORMAT(f400’F3009F4000F3009F4000F300!F4000F3000F4009r3000f4000F300
LoF4400F3e09F4e09F3009F4e09F3009F4e03F340)

IF(SENSE SWITCH 3)80+85

WRITE OUTPUT TAPE MPTe90sKLIKKIKRIKIIK (DDCI oK) sVVIiIaK) 9I=19201)

FORMAT(516/(10F10e0))

IF(IK=3)60055955

IK= K+l
KaK+1
GO TO 65

CALL F2(KL#KK)

CALL F3(1)

DO 75 I=lslé4l

II=slP(])

FOP(11)=FD(1)

FVP(1I)=sFV(])

CALL F4(FDPoFVPsDD(1loKR) oVVI1sKR))

CALL F3(2) ,

CALL F4(DD(1sKK)oVV(19KK)sDD{1oKR)PVV(1sKR))

CALL F3(3)

KLesKPS(KL)

KK=KPS (KK)

KR=KPSIXR)
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K=KR
60 TO 65
END

SUBROUTINE F1
COMMON O
EQUIVALENCE (O(T707)0IP4(141)91IP3(232)¢1IP2{423)91IPL(564)9IP(T705)s1P
1T(70T)YeMRPT(T7060 )
DIMENSION IP{(141)9IP2(241)0IP21)4L1)sIP3(1&1)sIP4(141)
READ INPUT TAPE IPT#100{IP(1)eIPLII)sIP2{1)eIP3(I)slPbll1elmdolll]
FORMAT(515)
IF(SENSE SWITCH 3115920

WRITE OUTPUT TAPE MPTe25elIP(1)sIP1C(L)eIP2(1)elP3(1)slP4(l)el®=1l0l4
i1)

FORMAT(110s41591100415)
RETURN
END
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SUBROUTINE F2{K1l#K2)

COMMON ©

EQUIVALENCE (O(2)oMPT(1)oIPT(2))9{(0(1913)9DD(603)9VV(1206)9IP4(134
17)91IP3(1488)92IP2(1629)9IP1(1770)eIP(1911))9(0(1914)sTIM)e(0(2196)
2FV{141)eFDI(282))

DIMENSION 1IP(141)9IP11141)9e1P2(141)9IP3(141)9IP4{141)sDD(20102)0
IVV(201e3)9U(20192)9VI(20192)9FD(141)sFVI(1al)
Dm2,0%3,0

RAD=0.01745329

K=Kl

IK=l

DO 10 I=1y201

IF(VVII #sK)=9920)40935940

UlI91IK)=99940

V{I+IK)=999.0

GO TO 10

UCIslK)==VVII sKI%SINF(DD(]I »K)*RAD)
VIIsIK)==VVII sK)¥COSF(DD(I sK)*RAD)

CONT INUE

IF(SENSE SWITCH 3)1259430

WRITE OUTPUT TAPE MPTel35eKeIKeo(U(IoIK)oVIIeIK)»I=19201)
FORMAT(216/(10F10e5))

IF(IK-=2)20915915

K=K2

IK=2

GO 70O 25

DO 30 I=lsl4l

II=]lP(1])

11=IP1(I)

[2=1P2(1)

13=1P3(1])

I4=IP4(])

IF(U(]I91)~=99940)45475,975
IF(U(I]I92)-9990)50875975
IF(U(I192)=99940)55975475
TFU(I292)=99940)60e75975
IF(UL]392)~99940)65975975
IF(U(]492)=99960)70975975

FDI1)=99940

FV{]}®n99,0

GO TO 30

DUDX=(U(1342)=U(I192)}/0D
DUDY=(U(1492)-U(12+2))/D
DVDX=(V(I392)-V(I192))/D

DVDY=a (V(1442)=V(1I292))/D
DVDT=(V(IIe2)=V(IIsl})}/TIM
DUDT=(U(II+2)~U(1Is1))/TIM
DE=DUDX#DVDY~DUDY#DVDX
CX=(DUDY*DVDT~-DVDY®#DUDT)/DE
CY=(DVDX*¥DUDT-DUDX%DVDT) /DE

IF{SENSE SWITCH 211404145

VIRITE OUTPUT TAPE MPT9150019110110120139149DUDXsDUDY»DVDX
1T»DUDT»DE2CXsCY

FORMAT(6I6/9F10e5})
DUDT={-CX%DUDX~CYH#DUDY)H#TIM
DVOT=(~CA#DVDX~CY*DVDY ) #TIM
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UFsU(I1»2)<+DUDT
VFaV(1102)+DVDT

IF(SENSE SWITCH 2)1559160
WRITE OUTPUT TAPE MPT9165+DUDTeDVDT sUF aVF
FORMAT(4F1045)
FV(I)=SQRTF(UF®UF+VF#VF)
IF(VF)80985580
1F(UF190:959100

FD(I)=0a0

GO TO 30

FD(1)=9040

GO TO 30

FD(I)=27040

GO TO 30
FD(1)aATANF(UF/VF)/RAD
IF(UF}11091050105
IF(VF)I3001159115
FO(I)=FD(I)+18060

GO TO 30
IF(VF)12001154115
FO(I)=FD(1)+36040

CONT INUE

IF(SENSE SWITCH 2)1700175
WRITE OUTPUT TAPE MPT+1809{FO(I)esFV(I)eiImlslal)
FORMAT(10F10e2)

RETURN

END
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SUBROUTINE F3(I)
COMMON O

EQUIVALENCE(O(2196) oFV(141)9FD(382))0(0(2200) ¢ TIME(2) aDATE(3) sKA(]L

3100 (2)oMPT)

DIMENSION FD(141)eFVI141)sNDI241)sNVLI141)
IF(1-2)70075480

WRITE QUTPUT TAPE MPT9l109KA9DATESTIME
FORMAT(1H1149A89¢A3+17H 12 HOUR FORECASTZ///7/7)
GO TO 85

WRITE QUTPUT TAPE MPTellsKAsDAiILeTIME

FORMAT(1H114#A80A3343H DIFFERENCE BETWEEN ACTUAL MAP AND FORECAST/

IVYRTZRR
GO TO 85
WRITE OQUTPUT TAPE MPT312+KA9DATESTIME

FORMAT(1H1I49A89A3926H DIFFERENCE BY PERSISTENCE/////71)

DO 90 I=19141

ND(I)=sFD(I)

NVII)=FVL{])

HRITE QUTPUT TAPE MPTsl1S5s ND{1)aNV(1)
FORMAT(30Xs14slH/13//7)

MBl=3

MB2=10

WRITE OUTPUT TAPE MPT+20¢(ND(I)aNV(I)eI=MBloMB2)
FORMAT(17Xe7(1401H/I305X)0sl4edH/L1344/)
MBl=MBl+16

MBZ2=MB2+16

IF(MB2-122)25+25430

WRITE OUTPUT TAPE MPT#35e(ND(I)sNV{I)ol=131s132)
FORMAT(35Xe35X925Xs 140 1lH/1395Xe1481H/13)

WRITE OUTPUT TAPE MPT#40sKA

FORMAT(1HLI&///4/47)

ARITE OUTPUT TAPE MPT9450ND(2)eNV{2)
FORMAT(30X»30X935Xe14s1H/13//7)

MBl=11

MB2=18

WRITE OQUTPUT TAPE MPT#50s(ND(I)sNV(I)elaMBleMBR2)
FORMAT(4X97(1491R/1395X)91491H/13/47)

MB1lsMBl+1l6

MB2=MB2+16

IF(MB2-130)55455460

WRITE OQUTPUT TAPE MPT950s(ND(I)eNVII)eI=1323+140)
WRITE OUTPUT TAPE MPT865sND(141) sNV(141)
FORMAT(4XsI49lH/13)

RETURN

END
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SUBROUTINE F4(FDPsFVPeDDeVV]
COMMON O
EQUIVALENCE (0(143)9IP(161))9(0(2196)9FVI141)sFD(282))9(0(2)9KPT)

DIMENSION FOP(201)9FVP(201)9VV(201)9DD(201)91IP(141)9sFDL141)sFV(14]
1)

30
40
35

20
25
50
70

75
65
15
10
45

25
%20

[N

IF(SENSE SWITCH 4)30935

WRITE OQUTPUT TAPE MPT940»(FOP(I1sDDLI)sFVP(I)sVV(I)el=19201)

FORMAT(BFl0eb)

DO 1vu I=19141

1I=IP(1)
IF(FDP(II1-99940)20415015
IF(DD(I1)=-9Yv40)25915015
IFCABSEF(LL(LL)=FDP(I1))=18040)65465960
IFLODUIL)~FOP(TIL1))T70975075
OO (I1)=bUt11)+36060

GO TO o5
FUP(IIL)=FDP(11)+360s0
FO(I)=0o0(ll~ruP (L)
FV(I)=vv(ll)=FVPI(I1)

GO Tu 1v

FOlL)=9YYeu

FV([)=vYvaeu

CONT I NJE

IF(SENSE SwlTCh 4)45950
WRITE OUTPUT TAPE MPTe559(FD(I)eFVII)el=lolél)
FORMAT(10F10a5)

RETURN

END

FUNCTION KPS(K)
KPS=K+1
IF(KPS=3)1l3i192
KPS=KPS=3
RETURN

END
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Program "FCST2" uses the kinematic method for computing a 24 hour forecast. The input

data may be either unsmoothed or smoothed.

|

Read 4 sets data |

1

~~—> Read 1 set data |

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

J

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

FLOW DIAGRAM

Go to next

ny of these points missing or
is grid point a boundary point?

No

v

Compute forecast U & V
by kinematic method

N\

grid point

Yes

All grid
oints forecast?

Recompute DD & VV
from forecast U & V

N2
| Print forecast grid |

N
Find differences betweer)
lactual (24 hour) map and!
forecast map for each
grid point

for 24-hour forecast

Z
Print differences in
erid format

N
Find differences between
actual (24 hour) map and
current map for each
grid point

- (1)

Print differences in 3
rid format
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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,
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C FCST2
COMMON O
DIMENSION 0(3100) ;
EQUIVALENCE(O(2)sMPT(1)eIPT(2))s(0Q(2717)9DD(1005)9VV(2010)sIP4(215
11)91P3102292)91P2(2433)sIPL1(2574)9IP(2715))9(0(2716)sTIM)»(0(3000)
RQFV{141)sFD(282))9(0(3003)9sKA(L)sTIME(Z) PDATE(3))
DIMENSION VV(20195)90D(20195)9IP(141)eIPl(141)9lP2(141)eIP3(141)s
LIP4(14l)sFD(141)9FV(141)9FOP(201)eFVP(201)
IPT=5
MPT=6
DO 70 I=1»201
FOP(1)=999.0
70 FVP(1)=990
CALL F1
READ INPUT TAPE 5910007
10 FORMAT(4XsA691X0A2)
40 READ INPUT TAPE IPTslU0sDlsT1
IF(D-D1)25915925
15 IF{T=T1)25920025
25 DO 30 I=1921
READ INPUT TAPE IPT9359JUNK
35 FORMAT(I4&)
30  CONTINVE
GO TO 40
26 BACKSPACE IPT
TIM=224460
KLkl=l
KL2=2
KK=3
KR2=4
KR1=5
K=1
IK=1
65 READ INPUT TAPE IPT9459KA9DATES TIME
45 FORMAT(I49sA691X9A2) ,
READ INPUT TAPE IPT#509(DO(IsK)eVVIIsK)el=le2ul)
© 50 FORMAT(F4e09F3e09F4009F3009F4e09F30090F4e09F3e0sr4e09F3¢09F4e09F3e0
19F4e09sF3609F4eUsF3e09F4e09F3609F4e09F340)
IF(SENSE SWITCH 3)80s85
80 WRITE OUTPUT TAPE MPT9909eKLLIKL29KKIKR2IKRLIoKIIKs(DDIT oK) oVV(IK)»
11=19201)
90 FORMAT(T716/410F1040))
85 IF(IK=5)60455455
60 IK=Ik+1
K=K+1
GO TO &5
55 CALL F2{KL1sKK)
CALL F3(1)
DO 75 I=19141
II=IP(I)
FOP(II)=FDI(I)
75 FVP(ill)=FV(l])
CALL F4(FOPoFVPsDD(19KR1)sVV(18KR1})
CALL F3(2)
CALL F4(DD(LoKK)sVV(1sKK) 9DD{19KRL) 4" """ (19KR1))
CALL F3(3)
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KL1=KPS(KL1l)
KL2sKPS(KL2)
KKaKPS(KK)
KR2=KPS(KR2)
KR1=KPS(KR1l)
KsKR1

GO TO 65
END

SUBROUTINE F1

COMMON O

EQUIVALENCE (O(707)s1P4(141)91P3(282)9IP21423)slP1(564)alP(705)elP
LT(707)eMPT(706))

DIMENSION IP(141)9IPL(141)01P2(141)9IP3(141)elP4{d4l)

READ INPUT TAPE IPT»1l0e(IP(1)eIPL{1)eIP2(1)eiIP3(1)elP&ll)slnlslhl)
FORMAT(515)

IF(SENSE SWITCH 3)15920

WRITE OUTPUT TAPE MPTe25e(IP(1)eIPL(I)sIP2(1)eIP3(1)sIP4(1)elmlel4
11}

FORMAT(110941591109415)

RETURN

END
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SUBROUTINE F2(K1sK2)

COMMON ©
EQUIVALENCE(O(2)sMPT(L)oIPT(2))9(0(2717)9DD(1005)9VV(2010)91P&4(215
11)91P3(2292)01P2(2433)91P1(2574)»IP(2715))0(0(2718)sTIM)s(0(3000)
2FV(141)sFD(282))

DIMENSION IP(141)9IPLl(141)0IP2(141)sIP3(14L1)slP&4(141)eDD(201s5)
IVV(20105)9U(20192)9VIi20192)sFD(141)eFVIiL14al)
D=240%3,0

RAD=0601745329

KaKl

IK=1

DO 10 I=1+201

IF(VVII sK)=9940)40035540

U(IsIK)=99940

Vi19IK)=99940

GO T0O 10

UCIeIK)I==VV(I sKIHSINF(OD(I #»K)#RAD)
VIIsIK)==VV(]I »K)I*¥COSFI(DD(I sK)*RAD)

CONT INUE

IF(SENSE SWITCH 3)1259130

WRITE OUTPUT TAPE MPTo135sKeIKeo(UCIoIK)IoV(IsIK)I=1s201)
FORMAT(216/(10F10e5))

IF(IK=2120015915

K=K2

[K=2

GO TO 25

DO 30 I=1slél

1i=1P(1)

Il=aiP1(1)

1221P2(1)

I3=1P3(1)

1431P4 (1)

IF(U(TII91)-99940)45975475
IF(U(I1+2)-99940)50075475
IF(U(I102)-=99940)55975875
IF(UCI292)-99940)60975975
IF(U(I392)~99940)65075475
IF(U(1492)~9994¢0)70975975

FD(1)=2999.0

FV(I)=9940

GO TO 3¢

DUDX=(U(I392)-Ul1192))/D
DUDY=(U(I4e2)=U(1292))/70D
DVDX=(V(13s2)=-V(I1e2))/D
DVDY=(V(1492)-V(I2+2})/D
DVDT=(V(ILe2)=VIILIsl))/TIM
DUDT=(U(II192)-UlI1s2))/TIM
DE=DUDX*DVDY~DUDY *DVDX

CXa (DUDY#DVDT-DVDY*#DUDT)/DE
CY=(DVDX#¥DUDT-DUDX*DVDT ) /DE

IF(SENSE SWITCH 2)1400145

WRITE OQUTPUT TAPE MPT 915001011 ell91201391490UDXsDUCYsDVDXsDVDY sDVD
LTHoDUDT 29 CXoCY

FORMAT(616/9F1065)

DUDT = (~CX#DUDX~CY*DUDY )} #TIM

OVDT e (~CX¥DVDX~CY#*DVDY ) #TIM
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UFsU(1192)+DUDT
VFeV(11¢2)+DVDT

IF(SENSE SWITCH 211559160
HRITE OUTPUT TAPE MPT9165sDULTeDVDT eUF oVF
FORMAT(4F1065"
FV(1)aSQRTF (UF*UF+VF#VF)
IF(VF180¢85¢80
IFIUF)900950100

FD(1)=000

GO TO 30

FD(1)=904¢0

GO TO 30

FD({1)=27040

GO TO 30
FO(1)=ATANF(UF/VF)/RAD
IFLUF)11001050105
IF(VF)30e1159115
FO(1)=FD(1)+1R040

GO TO 30
IF(VF)112091150115
FO(I)=FD(1)+36040

CONT INUE

IF(SENSE SWITCH 211709175
WRITE OQUTPUT TAPE MPTl80e(FD(12eFV(I)slmlsleal)
FORMAT(10F100e2)

RETURN

END
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SUBROUTINE F3( 1)
COMMON O

EQUIVALENCE(O(3000)oFVI141)9FD(282))90(0(3003)9TIME(2)sDATE(3) oKA(]

1))9(0(2)9MPT)

DIMENSION FO(141)sFV(141)sND(1l&l)onViial)
IF(I~2)70975080

WRITE OQUTPUT TAPE MPT92109KASDATETIME

FORMAT(1H1I49AB9A3917H. 24 HOUR FORECAST/////771
GO TO 85
WRITE OUTPUT TAPE MPT9lleKAPDATESTIME

FORMAT(1H1I49A89A3943H DIFFERENCE BETWEEN ACTUAL MAP AND FORECAST/

1//7777)
GO 7O 85
WRITE OUTPUT TAPE Mrisl29sKAsDATESTIME

FORMAT(1H1I4sA89A3926H DIFFERENCE BY PERSISTENCE/////777)

00 90 I=1s141

NO(1)=FDI(I)

NV{I)=FV(l)

WRITE QUTPUT TAPE MPT#l59 ND(1)sNVIL)
FORMAT(30Xel491lH/13//7)

MBl=3

MB2=10

WRITE OUTPUT TAPE MPT#200(ND(I1)oNVII)eI=MBlsMB2)
FORMAT(17Xe7(1401H/1395X)91491H/13//7)
MBl=MB1l+16

MB2=MB2+16

IF(MB2-122)25925930

WRITE OUTPUT TAPE MPT 9359 (ND(I)eNV(I)9eI=L319132)
FORMAT(35X935X925X91491H/1345Xe1491H/13)

WRITE OUTPUT TAPE MPTs40sKA

FORMAT(1H114//7/7717)

WRITE OUTPUT TAPE MPTe459ND(2)9NVI(2)
FORMAT(30X930X935Xe1491H/13///)

MBl=11

MB2=18

WRITE OUTPUT TAPE MPTs500(ND(I)eNV(1)al=MBleMB2)
FORMAT(4Xo7(1401lH/1395X)914s1H/13///)

MBl=MB1+16

MB2=MB2+16

IF(MB2-130)55+55960

WRITE OUTPUT TAPE MPT950e(ND(I)sNV(I)9I=1339140)
WRITE OUTPUT TAPE MPT965sND(141)9sNVI(14l)
FORMAT(4Xe1491H/13)

RETURN

END
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SUBROUTINE F4(FDOPseFVIFILDLIVV)

COMMON O

EQUIVALENCE (0(143)9IP(141))9(0(3000)9FVI141)9FLI(282))9(0(2)sMPT)
DIMENSION FOP(201)eFVP(201)9VV(201)9DD(201)9IP(141)srD(141)9FV(i4l
1)

IF({SENSE SWITCH 4130935

WRITE OUTPUT TAPE MPT o409 (FOP(I)oOD(I)sFVPIT)sVV(I)el=l9201)
FORMAT(8F10e5)

DO 10 I=19l41l

Ii=1P(])

IF(FOP(11)=99940)20915915

IF(DD(11)1=99940)25915015
IFLABSE(DO(IL)=FUP(I1))=18060)65465460
IF(OD(II)=FDP(LL))T70072075

DD(11)=DD(11)+36040

GO TO 65

FOP(II)=FDP(I1)+36040

FO(I)=DD(I1)=FDP(II)

FVCI)a=VV(IT)=FVPLI])

GO 7O 10

FD(1)=99940

FV(1)=9940

CONTINVE

IF(SENSE SWITCH 4)45950

WRITE OUTPUT TAPE MPT9559(FD(L)erV(l)sl=lrlal)
FORMAT(10F10e5)

RETURN

END

FUNCTION KPS(K)
KPSz=K+1
IF(KPS=5)19l192
KPS=KPS~5
RETURN

END
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Program "FCST3" wuses the kinematic method to compute a 12 hour forecast from a 24
hour forecast by using % C, and % Cy. The input data may be either unsmoothed or smoothed.
Subroutines Fl, F3, F4, and function KPS are the same as listed for program "FCST2",

FLOW DIAGRAM

[Read & sets data |

-ﬁﬂﬁgad 1 set data |

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

Use grid point from current
ap and 24-hour old map Go to next
lus 4 surrounding points 4""""""grid point

lof current map

Any of these points missing
or is grid point a boundary
oint?

All grid
points forecast?

Yes Recompute DD & W
from forecast U & V

[Print forecast grid |

\l}

Find differences

between actual (12-
Compute forecast U & V hour) map and fore-
by kinematic method for cast map for each
24<hour forecast, but grid point
use % Cy, and % C,, to J,
cbtain interpolated 12- Print differences ir
| hour forecast grid format

N

Find differences between
actual (12-hcur) map and
current map for each grid
point

N\
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 "FCST2".
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C FCSTa
COMMON O
DIMENSION 0O(3100)
EQUIVALENCE(O(Z2)osMPT(1)oIPT(2))9(0(2717)9oDD(1005)9VVI(2010)9IP&(215
11)21P3(2292101P2(2433)2IP1(2574)9IP(2715))9(0(2718)9TIM)»(0(2000)
2FVI141)eFD(282))92(0(3003)sKA(1)sTIME(2)sDATE(3))
DIMENSION VV(20195)9DD(20195)9IP(141)9IP1l(141)9IP2(141)9IP3(141)
LIP&4(141)oFD(141)oFV(L141)9FOP(201)9FVP(201)
IPT=5
MPT=6
DO 70 I=19201
FOP(1)=99940
70 FVP(1)=99e¢0
CALL F1l
READ INPUT TAPE 59109007
10 FORMAT(&4X9A631X9A2)
40 READ INPUT TAPE IPT9109D1s7T1
IF(D-D1)25e615925
15 1FLT=T1)25920¢25
25 DO 30 I=1¢21
READ INPUT TAPE IPTe350JUNK
35 FORMAT(14)
30 CONT INUE
GO TO 40
20 BACKSPACE IPT
TIM=32440
KLi=1
KL2=z2
KK=3
KR2=4
KR1=5
Kel
IK=1l
65 READ INPUT TAPE IPTs459KADATESTIME
45 FORMAT(I49A691X8A2)
READ INPUT TAPE IPTe508(DDtIsK)sVV{IsK)sI=1s201)
50 FORMAT(F4e09F3e09F4009F3009F4e09F3008F4e09F3e09F4e09F3e09Fbe09F360
19FG000F23e09F4a09F3403F4e08F2e09F4800F360)
IF(SENSE SWITCH 3)80¢85
80 VURITE OUTPUT TAPE MPT990sKL1oKL2IKKIKR29IKRLIoKesIKo (DDII oK) oVV(IsK) e
11=19201)
90 FORMAT(716/(10F1040))
85 IF(IK~5)60955455
60 IK=IK+1
KsK+1
GO TO 65
55 CALL F2{(KL1sKK)
CALL F3(1)
DO 75 I=1il4l
IlI=IP(I)
FOP(IT)=FD(1)
75 FVP(II1)aFv(I)
CALL F4L(FDPoFVPIDDIL1sKR2)oVV(19KR2))
CALL F3(2)

CALL F45(DD(1sKK)#VV(1oKK)#DD(19KR2) sVV(16KR2))
CALL F3(3)



KL1=KPS(KL]1)
KL2akKPS(KL2)
KKakKPS(KK)
KR2=KPS(KR2)
KR1=2KPS(KR1)
KekR1

GO TO 65
ERD
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SUBROUTINE F2{K1leX2)

CCHMON O
EQUIVALENCE(O(2)oMPTIL)oIPTC2))0-0(2717)eDDL1005)0VWV(2020) 0lPAHLEI2S
11)91P3(2292)01P2(2433)01P1(2574)0IPL2715))e(0(2718)sTIMII0(2CII}0
2FV(16l)ofD(282))

DIMENSION IP(141)9IP1(141)eIP2(141)s1r3(141)eiP4(141)4DD(201065)s
lVV(20195)sU(20192)sVI(20102)9FDL141)sFV(141)
Da2o0#%#360

RAD=Q0601745329

K=Kl

IK=]

DO 10 I=1,201

IF(VVII 9K1=9940)40035940
U(L1eIK)}=99940

VII+IK)I=99340

GO TO 10

UCIsIK)==VV(] sKI#SINF(DD(I +K)%*RAD)
VI1sIK)==VV(I »K)*COSF(DD(1 »K)*RAD)
CONTINUE

IF(SENSE SWITCH 3)125130

WRITE OQUTPUT TAPE MPTel35eKelKelULIsIK)IoVIIeIK)eI=19201)
FORMAT(216/7(10F10e5})
IF(IK=2)20015915

K=K2

IK=2

GO TO 25

DO 30 I=1l+141

I1=1P(1)

11=1P1(1)

I12=1P2(1)

13=1P3(1)

Ien]Pa4ll)

IF(U(L191)~99940)45475075
IF(U(I1+52)-99940)50475975
IF(U(I192)-99940)55975975
IFLU(1202)-99900)60075975
IF(U(I3+2)1-999e0165975975
IF(U(1492)-99940)70975¢75
*D(1)=99960

FV(1)899.0

GO TO 30

MUDX=2(U(1292)=U(1102))/0
DUDY=(U(1492)-U(1252))/D
DVOX=(V(1362)-V(I1s2))/D
OVDY=(V(I1492)-VII202))/D
DVDTa(VIII+2)-V(IIel)I/TIN
DUDT=(U(IIe2)=-UlLLel))/TIM

DE= (DUDX#DVDY-DUDY#DVDX) #2460
CX=(DUDY#DVDT-DVDY#DUDT ) /DE
CY=(DVDX#DUDT-DUDX¥DVAY 1/DE

IF(SEMNSE SWITCH 231408335

140 WRITE CQUTPUT TAPE MPT01508l9I10llel20130149DUDXeDUDY0DVOXeDVOVS D

dT7oDUDToDZeCAaCY

150 FORMAT(61&6/9F1065)

145

DUDT & (=CX::DUDX-CY*DUDY )& T 1M
OVDT & (~CX4DVDX-CYLDVDY ) #T L4



155
165
160

85
95

90
100

80

110
115

105
120
30

170
180
175

- 118 -

UFaU(11+2)+DUDT
VFaVv{Ils2)+DVDT

IF(SENSE SWITCH 211552160
WRITE OUTPUT TAPE MPT9165+sDUDTeDVOTeUFeVF
FORMAT(4F10e5)
FV{1)8SQRTF(UF*UF+VF*VF )
IF(VF)80085980
IF(UF)900959100

FD(1)=040

GO TO 30

FD(1)=9040

GO 7O 30

FO(1)m270e0

GO TO 30

FOUI)=ATANF (UF/VF)/RAD
IF(UF)11091059105
IF(VF)30s1159115
FO(I)=FD{1)+18040

GO 7O 30
IF(VF)12091150115
FOUI1=FD(1)+36040

CONT INUE

IF(SENSE SWITCH 211700175
WRITE QUTPUT TAPE MPT9180e{iFD(J)eFVIil)olmlslal)
FORMAT(10r10e2)

RETURN

END
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Appendix 6: Programs fbr 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,

FLOW DIAGRAM

Eead 4 sets datd

(2)
‘“**—ﬁﬂRead 1 set data |

Compute U & V components for
11 grid points on current
ap_and 12-hour old map

ya

Use grid point from current

ap and 12-hour old map plus 4
surrounding points of current map

Any of these points missing Yes

or is grid point a boundary
point?

Compute forecast U & V

All grid
points forecast?

Yes |[Start with
first line of
forecast

ind all maxima and
inima where each

by kinematic method fo

successive maximum

4-hour forecast

[Go to next lind

No

All lines
of forecast
smoothed?

nd minimum must be?>
10 mps apart

Find all maxima and minima for
the corresponding line of the
current map where each successive
naximum and minimum must be>10
mps_apart

Feduce forecast maxima and
mivima to current maxima and
sinima and adjust intermediate
points correspondingly




1)

Recompute DD & VV
from forecast U & V

| Print forecast grid]

\

Find differences between
actual (24-hour) map and
forecast map for each gri
point
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J?ind average of absolutﬂ

SYMBOL DEFINITIONS

“lvalue of differences

Erint differences and
verage in prid format

Find differences between
actual (24-hour) map and
urrent map for each grid
oint

N
Eind average of absolute
alue of differences

(2)

Erint differences and
verage in grid format

All symbols used in the main program, in subroutines Fl, F2, and F4, and in functiom

KPS are the same as those defined for '"FCST2", Appendix 5.

F3 and F5 are the same as in "FCST2" with the addition of the following symbols .

SUBROUTINE F3

Otherg:
1, SsFD -
directions
2, SFV -
speeds
3. sov -

number of differences computed

average of absolute value of differences between actual and forecast

average of absolute value of differences between actual and forecast

Symbols used in subroutines

v
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SUBROUTINE FS5
Others:

1. FMAXU - maximum U component
2, FMAXV - maximum V component
3. IU - subscript locating FMALU
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, FMX0O - 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 O
DIMENSION 0(3100)

EQUIVALENCE(O(2)sMPT (1) 9IPT(2))9{0(2727)9DD(1005)9sVVI201010IP&L215
11)01P3(2292)91P2(2433)9IP1(2574)9IP(2715))9(0(2718)eTI) (013000}
2FVI141)9FD(282)190(0(3003)sKALL)STIME(2)sDATE(3))

DIMENSION VV(20195)9DD(20105)9IP(241)9IPL(141)9s1P2(141)9IP314bl)s
1IP4(141)oFDLL1GL)oFVILal)oFDP(201)sFVP(201)

IPT=5

MPT=m6

DO 70 [=14+201

FOP{1)®999,0

70 FVP(11=9940
CALL F1
READ INPUT TAPE 59100DsT
10 FORMAT(4XsA601X9A2)
40 READ INPUT TAPE IPT9109sD1eT1
IF(D=D1)25915925
15 IF(T~T1)25420025
25 DO 30 I=ls21
READ INPUT T/ ¢ IPT93590JUNK
35 FORMAT(I4)
30 CONT INUE
GO T »0
20 BACKSPACE IPT

TIM=2440

KLl=]

Ki.2=2

KK=3

KR2=4

KR1=5

K=l

1Kzl

65 READ INPUT TAPE IPTe459KAsDATESTIME
45 FORMAT(I149A601X9A2)

READ INPUT TAPE IPT#509(DD(IsK)evviliesK)el=19201)

50 FORMAT(F4e09F3009F4¢00F3000F40e090F3¢09F4e09F3009F%009F3609F%e00F30u
19F4409F3e609F4009F3409F%e00F3400F4009F360)

IF(SENSE SWITCH 3)80985

80 WRITE OUTPUT TAPE MPTe90sKL1oKL2oKKIKR2IKRL 9K IKo{DD(I oK) oVV(IoK) s
11=1,201)

90 FORMAT(716/7(10F1040))

85 IF(IK=5)60955¢55

60 IK=]K+]
K=K+1
GO TO 65

55 CALL F2(KL1sKK)

CALL F5(KK)

VMS=000

CALL F3{1leVMS)

DO 75 1=19141}

I1iI=IP(1)

FOP(I1)=FD(1)

YE) FVP(lI)=FV(1])

CALL F4(FDPosFVPsDDI1sKR1)#VVI19KR1) $VMS)
CALL F3({2eVMS)
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CALL F4(DD(1oKKIOVVIL1oKK)SDD(1oKR1I)sVVIL1KR1 ) sVMS)
CALL F3(3sVMS)

KL1eKPS(KL1)

1.28KPS (KL2)

KKSKPS(KK)

KR28KPS(KR2]

KR1sKPS(KR1)

K®KR1

GO TO 65

cuo
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SUBROUTINE F3(IIeVMS)
COMMON O
EQUIVALENCE(QO(3000)oFVIL1aL)»FD(262))9(0(3003)eTIME(2)9DATE(3)sKA(]L
L))o (O(Z)oMPT)
DIMENSION Pb(l“l)0rV(l#l)0ND(lbl)0NV(14l)
IF(II=2)709754980
70 WRITE OQUTPUT TAPE MPTelUsKAIDATESTIME
10 FORMAT(1HLI49A89A3917H 24 HOUR FORECAST/////177)
GO TO &b
75 WRITE OUTFUT TAPE MPTelleKAPDATE S TIME
il FORMAT(1hli4esAcrAD94353H DIFFERENCE BETWEEN ACTUAL MAP AND FORECAST/
Y1/7777)
GO TU 65
80 WRITE OQUTPUT TAPE MPTe129KAPDATESTIME
12 FUORMAT(lH1I49A00A3926H DIFFERENCE BY PERSISTENCEYZ////7/77)
85 DO YO 1=1lrl4d
NO(I)=FDI(1)
90 NViL)=rv(l)
WRITE QUTPUT TAPE MPTe159 ND(1)sNVI(1)
15 FORMAT(3UXel&elnn/13//77)
MBl=3
MBZ2=10
25 WRITE QUTPUT TAPE MPI9<cOs(NDIL )NV I)ol=mBloeMsl)
20 FORMATCLI7XsT(14elri/13905X)elGedrr/13//7/7)
Mbl=Mpbl+1lo
Mbe=mMmbl+l6e
IF(Mozg=1221259¢5930
30 WRITE OUTPUT TAPE dPI 2D e (NOCI)oNV(L)el=1l3101321
35 FORMAT(35X935X925 9 1491lR/1395XelGeln/12)
WRITE QUTPUT TAPE MPT2409KA
40 FORMAT LNl i4s/7/7/7777)
WRITE VUTrFUT TAFE mMPT459ND(2) eNV(2)
45 ruhmai(aux’30X’59X914olH/1:///)
Mol=1ll
MB2=16
55 WRITE OUTPUT TAPE MPTs20s(ND(I)NV(I)oI=sMBloMbB2)
50 FORMAT(4XoT(1la9sdlH/1395X)0l4e1H/13///7)
Mbl=mbl+l6
Mb2=Mp2+16
IF(MB2=130)55955960
60 WRITE QUTPUT TAPE MPT 9500 (ND(I)oNV(I)eI=m1330140)
WRITE OUTPUT TAPE MPT+65eND(141l)eNVI(1&l)
6> FORMAT(4X9s 149 1H/13)
IF(11=2110091059105
105 SFD=040
SFV=0eU
SDV=040
DO 110 I=ly14]
15 IF(FQ(I)-999.0)115o1100115
SFD=SFD+ABSF(FD(1))
SFVaSFV+ABSF(FV(I))
SOV=SLV+1e0
*40  CONTINUE
SFD=SFD/SDV
SFVaSFv/SDV
WRITE QUTPUT TAPE MPT91209SFDeSFVeVMS
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120 FORMAT(///30X930X030K910X9F4e091H/F3e00F10e3)
100 RETURN
END
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SUBROUTINE F5(KK)

COMMON O

FQUIVALENCE (0(2717)90D(10us)s¥V(2010)14£0(3000)sFV(1461)9FD(282)) 1
1(0(143)91P(241))

DIMENSION VV(20195)9DD(20105) oFVi141)oFD(141)9U(141)eVIL41)par(14]
1)sFMXO(18)9FMIO(18)9FMX(18)eN(18) 9 IMX(18)9FMI(18)9IMIT18)9FDS(141)
29K1(18)
301J0(18)91U(18)

RADR0,01765329

DO 10 I=1s14l

IF(FD(1)=99940)100+1059105

105 FV(1)=999.0
GO TO 106
100 D==FV(I)#SINF(FD(1)#RAD)
FV(1)o=FV(I)*COSF(FO(1)%*RAD)
FO(1)=D
106 II=IP(1)
IF(DD(IIsKK)~9Y940)11091159115
115 U(I)=999.0
V(11299940
GO TO 10
110 U(I)s=VV(IIsKKI®SINF(DO(IIsKK)®RAD)
VII)==VV{IIshK)*COSF(DD(IIsKK)#*RAD)
10 CONTINUE
IF(SENSE SWITCH 5)6000610
600 WRITE OUTPUT TAPE 696050(t(s) sFD(I}sV(I)oSVITIninlolél)
605 FORMAT(4F10e5)
610 U=l
2050 IF(FD(IU)=99940)20400204592045
2045 JUslu+l
GO TO 2050
2040 FMAXU=FD(IU)
FMAXV=FV(IU)
IValy
JelU+l
DO 15 ImJyibl
IF(FD(1)~999¢0)16915115
16  IF(ABSF(FMAXU-FD(1)',20025525
20 FMAXU=FD(1)

lu=l
25  IF(ABSF(FMAXV=FV(1}})30015#35
30 FMAXV=FV(I)

Ive]
15  CONTINUE

Jal
2065 IF(U(J)=99960)20604205592055
2055 JaJd+l

GO TO 2065
2060 FMAXUO=U(J)

FMAXVO=V(J)

Jad+l

D0 35 IsJslsl

IF(U(1)=99940)36935¢35

36  IF(ABSF(FMAXUO=UI1)))40045045
40  FuMAXWO=ULI)
45  IF(ABSF(FMAXVO-V{i))}50435035



50
35

305

265
175
1450

75
55

60
61
62
65
140

85

82

70
81

80

91
90

2015
2010
95
120

130

147

125
146

145
136
135
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FMAXVO=V (1)

CONT INUE

1JK1=0

MBl=3

MB2=18

1JK=0

DO 1450 [=1sl18

N(I)=O

K=l

1=MB1l

L=l
IF(U(]I)=999e0)60955955
I=]l+1

IF(I-MB2)75»759150

GO TO 61
IFLU((+1)=99960)62355955
IF(UCTI)I=UlI+1))95965965
1J{K)ml

FMX(K)=U(T)

IMX(K)=]

N(K)aN(K)+1

Ial+l

IFL1I-MB2)70982982

L=l

GO TO 90
IF(U(I+1)=99940)80981981
L=2

GO TO 90
IF(ULT)=U(I+1))91985985
L=3

FMI(K)=U(T)

IMI(K)=]

N(K)aN(K)+]

KeK+l
IF(U(I+1)~999e0)2010020159201¢
Inlel
IF(I-MB2)12010+1504150

GO TO (15097597510 sL0
1J(K)=0

FMI(K)=U(T)

IMI{(K)=]

NIK}asN(K)+]

Isl+l

IFCI=MPZ 12501470147

L=}

60 TO 135
IFLU(I+1)=~999e0)14591469146
L=3

GO TO 135
IFLUCI+1)~U(1)1136+1309130
L=2

FMX(K)=U(T)

IMX(K)=]

N{K)=eN(K)+1

KakK+1l
IF(U(1+1)-99940)20009200502005



2005
2000
150

3000
3010

3015

3005

3025

3019
3018
3020

3021
3030

3050
3040

3041

303¢

3055
3045

3046
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I=1+1
IF(I=MB2)2000¢1509150
GO TO (15075975} rLa
K=K=-1

11=0
IF(FMALL)I~FMl(1)=1040)30000300593005
IFCIJ(1))3010e301093015
1J(l)=1

FMX(1)=FMlI(1l)
IMX(Ll)=IMI(1)

GO TU 3005

I4(1)=0

FMI(Ll)=rMA(1l)
IMICL)=IMX(L)

Ke=0

DO 5040 (=29
IF(FMXCT)=FMI(1)=10e0)30199302593025
K2=K2+1

KI(K2}=1

GO TO 3v20
[F(I=-K)13u209301893020
1l=1

CONTINVE

Kl=Ke+i1l
IF(K1)3022»502293021
IF(IJ(1)1303Ge303093055
KZ2=1

I1=KI{(KZ)
FMX(L)=EMX(TIL)
IMX(Ll)=ImX(1i)

1=s2
IF(I=K1)30409304093060
1J(1)=1

FMX(TI)=tmallL)
IMX(L)=1mX(11)

K2=K2+1
IF(KZ2-K1)130411»306593065
I11=K1(KZ)
FMItIL)=FMl(11)
IMICI)=IMI(I])

Iz]l+i

GO TO 3055

K2=1

11=KI(K2}
FMICL)=FMI{I1)
IMI(L)=IMI(1])

I=2
IF(I-K1)3064593045¢3065
IJ(1)=0

FMICI)=FMI(IL1)
IMI{L)=sIMI(LI)

K2sK2+]
IF(K2~K11304693060023060
II=KI{K2)
FMXCT)=FMXLII)
IMX{I)=IMXT11)
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Is]le+l
GO TO 3050
3060 FMX(I)=FMX(K)
IMX(I)=IMX(K)
GO TO 3069
3065 FMI(1)=FMI(K)
IMICI)=IMI(K)
306% DO 3070 I=1eKl
3070 N(I1)=XABSF(IMX{(LI)=IMI(I))+]

K=Kl
3022 IF(1JK)15591550161
155 1JK=1

00 165 I=1eKk
FMXQ{LI)=FMX(1)
1JO(1)=lu(])
165 FMI0(l)aFMi(l)
KO=K
DO 170 I=MBlsMB2
170 U(1)=FDI(I])
GOTO 175
161 Kl=l
K2al
160 JF(IJ(K1) 124592459180
180 JF(1JO(KZ2))24002400185
i85 GO TO 235
235 FN=N(K1l)
IlsIMX(K1l)
128IMI{K1l)
IFCIMX(K1)=IU)20592100205
210 FMXO(K2)=FMAXUQ
205 FD(11)=FMX0(K2)
FD{I2)8FMIOQ(K2)
I1l1=]1+1
i12=]2~]
IF{11-12)20309203092035
203Q DO 190 I=l1sl2
IF(FL(L)=999e0)191203592035
191 Fisl-1l+2
190 FOULIIBFDUL)+(FMIQIK2)=FMI(KL) ) ¥FI/FN=(FMX (KL )=FMXL(K2) ) #(FN-F3d/FN
2035 Ki=Kl+l
K2aKa2+l
IFIK1I=K)119591959260
195 IF(K2-K0)160+1600260
200 FN=N{K1l)
Il=sIMI(K1)
I12=IMX(K1)
IF(IMX(K1)=1IU)22002250220
225 FMX0(K2)=FMAXUO
220 FD(11)=FMIO(K2)
FDLI2)aFMX0(K2)
1i=s]l+]
I2=12~1
IF(11-12)2020+202092025
2020 DO 215 I=I1e}2

IF(FD(11=99960)2162202592025
216 Flsl=-l1+2
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215 FOCI)=FOUI)+(FMIO(K2)=FMI(KL) )*(FN=FI)/FN=(FMX(K1)~FMXO(K2)}I*FI/FN
2025 Kl=sKl+1l

K2sK2+1

IF(Ki=K)123092309260
230 IF(KL=KU)16091600260
240 Kl=Kl+1l

IF(K1-K)1609l6Ue2d6U
245 JF(IJU(KZ))IZ5092509255
250 GO TO 20
255 Kl=Ki+i

IF(KiI=K)16091609260
260 MBi=mbl+leo

MBZ=iMbd+id

IF(M02-130)265026592170
270 IF(MBZ~150)2759c0092060
275 MBe=iwu

GO TOU 265
280 JF(1JRiIZvurcv0ed00
290 IJKki=a1

DO 2b> i=ipsikl

FDS(l)=rv(])

FOUI)=rv(i)

285 Ull)i=vii)

FMAXUVET mAAVO

iusjlv

GO Tu 3svu3d
300 0O 3i0 i=islél

FV{i)mrutli
310 Fuvil)srudii)

IF(SeNoc owsiCri 216129020
61> wRITE VUTPUT TAFPE 090290 (FD(L)sFV(L)el=lslal)
625 FORMAT(zriUeb)

620 DO 3i> l=ielul

IFlru(1)=999e0)32083525%325
325 FV(l)=y9Ye0

GO 10 315
320 UF=FuL(l)

VF=FV({l}

FV(L)=3WRTF (UF *UF+VF#VF )

IFIVF)a4bUs4859480
405 JF(UF)I4%0s4Y29e500
495 FO(I)=0e0

G0 Tu 315
490 Fu(l)=90.0

GO TO 315
500 FD(1)=270e0

GO TO 315
480 FO(I)sATANF(UF/VF)/RAD

IF(UF)}51095054505
510 IF(VF)315e515¢515
515 FD(I1)mFD(1)+18060

GO TO 315
505 IF(VF)52095154515
520 FO(L)=zFD(1)+360e0
315 CONTINUE

RETURN

END

SN
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Program "FCST5" 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.
broutines Fl, F2, F3 and F4 and function KP5 are the same as listed for program 'FCST2",

pendix 5.

FLOW DI& 2AM

Bead 4 éets datal

)
ead 1 set datd

ompute U & V
cmponents for
11 grid points
n current map
nd 24~-hour old
ap

Use grid point from current

Subroutine F5 is the same as listed for program "FCST4",

ap and 24-hour old map plus

Go to next
rid poin

surrounding points of
jcurreat map

Yes

Any of these points missing

or is grid point a boundary points

Compute forecast U & V by

All grid

Yes
Start with firss

line of forecasy

forecast?

Find all maxima and minima
where each successive
maximum and minimum musi be>
10 mps anart

inematic method for 24-

N

hour forecast

IGo to next lin§
P
No

All lines

c
%ap where each successive maximum
and minimum must bedl0 mps apart

Find all maxima and minima for the
orresponding line of the curreat

sl

of forecast
smoothed?

iIRedu oT 3t maxim nd minim
Reduce foreca a and minima

tc current maxima and minima and
adjust Intermediate points

corresnondingly

— ]




(1)

Recompute DD & VV
from forecast U & V

L

Print forecast grid |

Find differences between actual
(24-hour) map and forecast map
for each grid point ‘
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Print differences

in grid format

Find differences between
actual (24-hour) map and
current map for each grid
point

rint differences in
rid format

Start with first forecast

rid point

Compute 12-hour forecast for DD & VV as

Go to next
forecast grid <

(current wind + 24~-hour forecast wind)

No

12-hour forecast

oint

‘{fferences between actual .

~ "r) map and current map
'*h grid point

for all grid points?

l Print 12-hour forecast grid

7/
ind differences between actual
(
I

12-hour) map and forecast map

or each grid point

L/
Print differences in

rrce—

. o
‘Nt differences
4rid format |

N erid format




- 131 -

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
OF main program of "FCST2", Appendix 5. All symbols used in subroutine F5 are the
8ame as defined for "FCST4". All symbols used in subroutine F6 have been defined
in the main program of "FCST2",
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C FGSTH
COMMON ©
DIMENSION 0(3100)
EQUIVALENCE(O(2)9sMPT(1)9oIPT(2))0(0(2717)9oDD(1005)92VV(2010}9IP&I215
11)0IP3(2292)901IP2{2433)91IPL(25T74)eIP(2715)}(0(2718)9TIM)e(0(2000)
2FV(141)9FD(282))9(0(3003)9KALL)TIME(Q)#DATE(3))
OIMENSION VVI20195)sDD(20105) 9 IP(141)9IPL{141)sIP&L141)sIP3(141)
1IP4(141)eFD(L41)oFV(Lal)oFDP(201)eFVP(201)
IPT=5 :
MPT=6
DO 70 I=19201
FOP{I)=2999.0
70 FVP{1)=9940
CALL F1
READ INPUT TAPE 59100DT
10 FORMAT(4X9oA691X0A2)
40 READ INPUT TAPE IPTsl0sD1leT1
FF(D=D1125915025
15 IF(T=T1)25920925
&5 DO 30 I=1s21
READ INPUT TAPE IPT9359JUNK
35 FORMAT(14)
30 CONTINUE
GO TO 40
20 BACKSPACE IPT
TIM=2440
Kkle=l
KlL.2=2
KK=3
KR2=4
KR1=5
K=l
IK=]
65 READ INPUT TAPE IPTe459KADATESTIME
45 FORMAT(I49A691X0A2)
READ INPUT TAPE IPT#500(DD(IsK)oVvVIIsK)I[=19201)
50 FORMAT(F4ea03F3e09F4003F3e09F4e09F3e¢00F4e09F3e09F4s09F3e09F4609F300
LaF4a0sF3609F4009F3e09F4e09F3e09F4a09F300)
IF(SENSE SWITCH 3)80985
30 WRITE QUTPUT TAPE MPT990sKL1oKL29KKIKR2IKRLIKIIK(DD(TI oK) oVVIIK)
1im=19201)
90 FORMAT(T716/(10F1040))
85 IF{IK=5160055955
60 IK=IK+1
KeKk+l
GO TO 65
55 CALL F2(KL19#KK)
CALL F5(KK)
CALL F3(1)
DO 75 I=lslél
II=IP(])
FOP(I1)=FD(1)
15 FVPLIT)=FV(I)
CALL F4(FDPoFVPeDD(19oKR1)9VVI1eKR1))
CALL F3(2)
CALL F4(DD(LloKK)oVV(LoKK) oDOD(1oKR1IPVV(1eKR1))
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CALL F3i(3)
CALL FO6(FDPoFVPHDD(1sKK)9VV{1sKK))
CAcl F3(1)
00O 100 I=1yl4]
11=1P (1)
FOP(111=FD(1)
100 FVP(IILI=FV(I])
CALL F4(FDPoFVPsDDI1eKRZ2)9VVI19KRZ))
CALL F3(2)
CALL F4(DD(1sKK)OVVI1IoKK)9DD(1oKR2)#VV(19KR21})
CALL F3i(3)
KL1=KPS(KL1)
KL2=KPS(KL2)
KK=KPS(KK)
KR2=KPS(KR2)
KR1=KPS{KR1)
KaKR1l
GO TO 65
END

SUBROUTINE F6(FDPeFVPeDDeVV)
COMMON O
EQUIVALENCE (0(143)»IP(141))9(0(3000)sFVI141)9sFD(282))
DIMENSION FV(141)oFD(141)eFDP(201)9FVP{201)+DD(201)9eVVI(R01)sIP(141
}
DO 10 I=1e¢l4l
II=1P(1])
IF{FOP(1]1)=999¢0)20315915
20 IF(DD(1]1)~999e¢0)25915015
25 IF{ABSF{DD(LI1)=FDP({I1))1=18000)65265960
60 IF(DD(IL)=FDP(1L))70975875
70 DO(II1)=D0(11)+360e0
GO TO 65
15 FOP(IL)=FDP(I1)+36040
&5 FOUI)=(DD(11)1+FDP(111))/240
FVII)s{(VV(II)+FVP{II))/2eC
IF(FD(1)-36040)10s80080
80 FOD(I)=FD(1)=36040
GO TO 10
L5 FD(I)=99940
FV{1)299,0
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.

FLOW DIAGRAM

Read 2 sets datg

(2)
~~——>Read 1 set datal

Compute U & V

components for
all grid points
on current map
and 12-hour old

map
L

Use grid point from current
map and 12-hour old map plus Go to next]
4 surrounding points of rid poin
current map

No

Any of these points Yes
missing or is grid All grid

point a boundary oints forecast? line of forecas

oint?

No

inematic method for 12-

Yes

Start with first

Ja

Find all maxima and minima where
each successive maximum and

Ejmpute forecast U & V by

our forecast

minimum must be>l0 mps apart

—

Find all maxima and minima for the
Go to next] corresponding line of the current

ap where each successive maximum

nd minimum must be>10 mps apart

of forecast

Reduce forecast maxima and minima to
current maxima and minima and adjust
jintermediate points correspondingly

smoothed?

1)
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(1)

recompute DD & VV
from forecast U & V

h' 74
rint forecast grid

Find differences between

ctual (12-hour) map and rint differences
forecast map for each in grid format
rid point

Find differences between
actual (12-hour) map and
current map for each
grid point

(2)

v

rint differences
in grid format

SYMBOL DEFINITIONS

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 F5 are
the same as defined for "FCST4",
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C FCST6

COMMON O

DIMENSION 0(3000)

EQUIVALENCE (Q(2)sMPT(L)oIPT(2))9(0(1913)0DDL603)sVVI(1206)9IPL(L24
17)9IP3(1488)91P2(1629)9IPL(1T770)eIP(1911))0(0(1914)9TIM)»(0(2195)
2FV(141)9FD(282))91{0(2200) KAL) s TIME(2)sDATE(3))

DIMENSION VV(20193)90D(20103)9iP(141)9IP1(141)eIP2(141)9IP3(141)0
LIP4(141)oFD(141)oFVI141)9FDP(201)9FVP(201)

IPT=5

MPT=6

DO 70 I=19201

FOP(1)=299940

70 FVP(1)=99e0
CALL F1l
READ INPUT TAPE 50109097
10 FORMAT(4X9A691XsA2)
40 READ INPUT TAPE IPT#1l0sD1lsT1
IF(D=D1125415925
15 IF{T=T1125920025
25 DO 30 i=1921
READ INPUT TAPE IPTe359JUNK
35 FORMAT(14)
30 CONTINUE
GO TO 40
20 BACKSPACE IPT

TiMel2e0

KL=1

KK=2

KR=3

K=l

IK=}

65 READ INPUT TAPE IPTe459KA9DATESTIME
45 FORMAT(I4eA691X0A2)

READ INPUT TAPE IPT#509(DD(IsK)oVVIIeK)eI=19201)

50 FORMAT(F4e09F3e09F4009F3009F%009F3009F4e00F3009F4e00F3e00F%e09F300
19F4a09F3e00F4e090F3400F2000F3e09F4009F360)

IF{SENSE SWITCH 3)680985

80 WRITE QUTPUT TAPE MPTo90 oKL OIKKIKRKIKIIKo(DD(IoK)IoVVIIoKn)»I=19201}
¥0 FORMAT(516/(10F10e0))

85 IF(IK=3)60955955

60 IKs K+l

Kak+l
GO TO 65

55 CALL F2(KLKK)}

CALL F5(KK)

CALL F3(1)

DO 75 I=19141l

1I=1P(])

FOP(I[)=FD(1])

15 FVP{II)=FV(])

CALL F4(FDPsFVPIDDIL19KR) sVVILOKR)?

CALL F3(2)

CALL F(DD{1oKK)OVVILOKK) 9DD(1oKR)OVV(18KR))

CALL F3(3)

KLaKPS{KL)

KK=KPS(KK)
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KRaKPS(KR)
K=KR
GO TO 65

END
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SUBROUTINE F5(KK)
COMMON O
EQUIVALENCE (0(1913)9sDD(603)9VV(1206))90{0(2196)9FVI141)9eFD(282) )¢
10(14319IP(141))
DIMENSION VVI2019¢3)90D(20103)9oFV(141)oFD{141)sU(L41)sVILI4GL)I0IP(L14)
1) oFMXOC(18) o FMIO(18)9FMX(18)oN(LB) o IMX{18)9FMIILI8)eIMI(18)eFDS(14]))
29K1(18)
391J0(18)elJ118)
RAD=0,01745329
DO 10 I=1slél
IF(FLi1)=99940)10001059105
105 FV(I)=999e0
GO TO 106
100 DO==FV(L)*SINF(rD(]l)%*RAD)
FVI1)s=FVII)#COSF(FD(I}*RAD)
FO(Ll)=D
106 1i=IP(1)
IFIDD(IIsKK)~=999e0)11091150115
115 U(l)1=999%e0
ViI1=99940
GO TO 1lv
110 U(I)==VVIiloaKI*¥SINFOUlILloRN)*RAD]
VI e=VV L] oKKI*COOF (VUL sAR) HRAL)
i0 CONT INUE
IF(SENSE SWITCH 5)600»610
600 WRITE GUTPUT TAPE 636U (ULL)sFDCI) oV L)oFV (L) ol=10l4l)
605 FORMATI4F10en)
610 U=l
2050 IF(FUL(IU)I-99%e0120400204592045
2045 JuU=]u+l
GO TO 2050
2VU40 FMAXU=FD(IU)
FMAXV=FV(IU)
Iv=lu
Jalu+l
DO 15 I=urlsl
IF(FD{L)=999e¢0)16915915
16 IF(AbSEF(FMAXU=~FD(1)))20925925
20 FMAXU=FDI(1)
1U=]
25 IFLAQBSE(FMAXV=FV(1I)))30015015
30 FMAXV=FV(I1)
iva]
15 CONT INUE
J=]
2065 IF(U(J)I=99940120600205592055
2055 J=J+l
GO TO 2065
2060 FMAXUO=U(J)
FMAXVO=V(J}
Jrd+l
D0 35 I=Jslal
IF(U(I)=99940)36035935
36 IF(ABSF (FMAXUO=-U{I)))40045845
40 FMAXUO=U(1)
H5 IF(ABSF(FMAXVO~=V(1)))50935935
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305

265
175
1450

60
ol
62
65
140

85

70
8)
80
91
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2015
201U
95
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130

147
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145
136
135
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FMAXVO=VLI)

CUNT INUE

IJKi=0

MBl=5

MB2=16

IJK=vV

DO 1450 [=118

N(l)=v

K=1

I=sMBl

L=l
IF(U(])=999e0)60955955
I=l+1

IF{I=~MB2)759759150

GO iv o6l
IF(UlLTL)=995eU) 62955955
IFLUCL)~ull+a))vyor0d000
IJIK)=1

FMXIK)I=U(L)

IMx(K)=1l

N(K)=N(K)+1

I=1+1

IF(l-MB2) 10s8B2002

L=1

GO TO wu
IF(ul(l+l)=99vel)lbUrbirel
L=2

GU Tu wu
Irtu(ll=Ull+i))dlovorod
L=3

FMlinN)=U(])

vil{nl=1

NiK)siN(K)+1

K=K+4
IFIUCI+]1)=999e0)20100201i592015
I=i+l
IF(I=vic2)201091509150

GO Tu (150975975 ) 0L
IJIK}=u

FMI(KI=U(I])

IMItin)=1

N{K)=N{K)+1

Ial+]
IF(I=-MB2)12591479147

L=1

GO TO 13¢%
IF(UCI+1)=999e0) 14091460146
L=3

GO TO 135
IFUCI+11-U(1))13691309130
L=2

FMX(K)=U(1])

IMX(K)=]

NIK)=N{K)+1

KaK+1
IFIULI+1)-99940120009200542005
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2005 =i+l
IFLI=-MB21200091500150
2000 GO TU (1909759 75) L
150 K=K-1l
11=0
IECFMmALL)=rmitl)=l0e0)}2000e3005930053
3000 JF(1J(L1)13010030100301L°5
3010 JJ(i)=1l
FrX{l)=ermi (1)
IMX(1)=Imitl)
GO TO 3005
3015 lJ(l)sv
FMI(l)=FmMX(1)
IMIGL)=1mMX{1)
20U KZsV
DO 3020 (=29
IF(FmACL ) =rrid(1)=10e0)320199302095022
3025 Ke=Ké+a
Ki{kel)=1
GU TL 3ueu
50LY Ir(l=K)3vecue301893040
Jule jl=1
202V CUNTIiINUE
Ki=Keg+il
iF{KLl)ovedrsucdérsel
2021 IF(IJlL)1oun0GesUn003050
3050 KZ=1i
11=K1{Ke)
FMALL)=rimA(LL)
bmAatl)=limalll)
i=¢
3050 irll=ni)ovalrivavravol
204V [J(l)=a
rmXtiisrmalli)
ImX{l)=1mi(li)
Ke=Ke+1l
IF{RZ=KL)304l9306593006Y
3041 Ti=Ki(Ke)
rridlir=semi(fl)
Ml (L )=aml (L))
i=l+1l
GO TU 3udd
3035 Ke=1l
1I=Ki(K2)
FMI(L)=rinl(14)
iMIi(Ll=imitll)
i=¢
3028 JF(I=-K1)3Ua5e304595060
3045 1J(l)=v
FMICE)=rmb (L)
IMItI)=Iml(1])
Ke=ke+l
IrlKe~K1)350409506003060
2040 jl=rRil{Ke)
FMX(1)=tMX(11)
IMmX{iy=slmX{11)



3060

3065

3069
3070

3022
155

165

170
161l
160
180

185
235

210
205

2030
191

190
2035

195
200

225
220

2020

216
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I=l+1

GO TO 3050
FMX{I)=FMX(K)
IMX(I)=IMX(K)

GO TO 3069
FMI(I)=FMI(K)
IMICI)=IMI(K)

DO 3070 i=1lsKl
NUL)=AABSF(IMX(L)=IMI(1))+]
KKl

IF(IJK) 15591959161
IJK=1

DO 165 I=1eK
FMXO(I)=FMX(])
IJo(I)=IJ(1l)
FMIO(I)=FMI(I)

KQ=K

DO 170 I=MBlesMB2
UtI)=FDLI)

GOTO 175

Kl=l

K=l
IF(IJ(K1))24502459180
IF(IJOU(K2))24092400185
GO TO 235

FN=N(K1)

Il=1MX(K1)

12=1IMI(K1)
IFCIMX(K1)=IU)20592109205
FMXO(K2)=FMAXUO
FD(I1)=FMX0(K2)
FO(I2)=FMIO(K2)

Il=]1l+1

12=]2~-1
IF(11-12)2030920309203%
DO 190 I=I1el2
IF(FD(1)=99940)1919203592035
Fl=]l=11+2

FOLII=FD(I )+ (FMIO(K2)=FMI (K1) )*FI/FN=(FMX{K1)=FMXO(K2))*(FN-FI)/FN
KlaKl+l

K2aK2+1
IF(K1-K)19591959260
IF(K2-K0) 16091609260
FN=N(K1)

1l=IMI(K1l)

12=aIMX(K1)
IFCIMX(K1)=IU)22092259220
FMX0(K2)=FMAXUO
FO(I1l)=FMIO(K2)
FOUI2)=FMX0(K2)

1l=]11+1

122]2-1
IF({I1-12)20209202092025
DO 215 [=11s1l2

IF(FD(1)~99940)2169202592025
Fl=l=11+2
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215 FO(I)=FD(L)+(FMIO(K2)=FMI(KL) }¥(FN=FI1)/FN=(FMX{KL)=FMXO(K2))*FI/FN
2025 Kl=Kl+l
K2=K2+1
IF(K1=-K)230923010260
230 IF(K2=K0)160+1600260
240 Kl=Kl+1
IF(K1-K)16091609260
245 IF(1J0(K2))2500250e255
250 GO TO 20¢
255 Kl=K1l+l
IF(K1=K)16091609260
260 MBl=MB1+lé
MB2=MB2+16
IF(MB2-130)26592659270
270 IF(MB2-~156)27592809280
275 MB2=140

GO TO 265
280 IF(IJUK112909290+300
290 [JK1=)

DO 285 I=1s141
FOS(I)=FDI(])
FO(I)=FV(I)
285 U(I)=V(])
FMAXUO=FMAXVO
IU=slyv
GO TO 305
300 DO 310 I=lsel4l
FV(IL)=FD(I)
310 FOD(I)=FDSI(I)
IF(SENSE SWITCH 5)6159620
615 WRITE OUTPUT TAPE 69625+ (FD(I)eFVI(I)eImls14l)
625 FORMAT(2F1045)
620 DO 315 I=1y161
IF(FD(1)1-99940)32093254325
325 FV(1)=9940
GO TO 315
320 UF=FD(I)
VE=FV(1)
FV(1)=SQRTF (UF*UF+VF#VF)
IF(VF)48094859480
485 IF(UF1490+64955500
495 FD(I1)=040
GO TO 315
490 FD(I)=90,0
GO TO 315
500 FD(I)=27040
GO 70 315
480 FOD(I)=ATANF(UF/VF)/RAD
IF{UF)51095054505
510 IF(VF)31545154515
515 FD(I)=FD(1)+18040
GO TO 315
505 [IF(VF)52095154515
520 FD(IN=FD(1)+36040
315 CONTINUF
RETURN
END
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Program for 12 hour forecast of thickness and average height,

t)

Program "FCSTH" computes a 12 hour forecast of thicknéss and average height by
moving the value at each grid point one and one-half grid distances to the right,

Start

Read constants)

Read 2 sets data (thickness
and average height for 2

successive times

nd for ave

y
Start with first
erid point

FLOW DIAGRAM

Ompute 12-hour forecast for thickness
rage height as average value
2 grid points and move to pcsition

next grid point to right

Last grid
point?

No

Yes

Read 1 set datal

Go to next

erid point

5| Print forecast grid

Substitute "average
height" for "thickness'
and repeat

1)

/]

Yes

////filst
time

through

ind differences between
actual (12-hour) and
forecast map for each griqg
oint for thickness

Print differences in
grid format

ind differences between

ctual (12-hour) and

urrent map for each grid
point for thickness

Print differences in

No

grid 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 - first date for compntation

2, Tl - first time for computation
3. D - current date
4, T - current time
5. JUNK - used to skip cards which have no needed data on them
6. KA - map number
7. DH - thicknesses of layer of maximum wind
8., HB - average heights of layer of wmaximum wind
Others:
1, IPT - input tape number
2, MPT - output tape number
3. Kl, K2 - subscripts used to control cycling of data
4, FDH - forecast thicknesses
5. 1IP - 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 FH1
Input:
1, 1IP1 - subscripts of left point used in average for forecast
2, 1IP2 - subscripts of right point used in average for forecast

SUBRGUTINE FH2
No new symbols are used

SUEROUTINE FH3
output:
1. NH - forecast ready for printing
2, SFH - average of differences between actual and forecast values

Otherss
l. SH - number of forecast values
2, FJ - value used for missing data

SUBROUTINE FH4
thers:
l. H - input grid
2, 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.
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¢ FCSTH
COMMON ©
DIMENSION 0(2000)
EQUIVALENCE (O(804)9HB(402)sDH(B04))s(0(1325) sMPT(L)sIPT(2))s(0(1¢
1 71)9FHB(173)9FDH(346))9(0(1674)sT(1)sD(2)9sKAI3) )0 UI9TT)IP(1T73))
DIMENSION DH(201#2)9HB(20192) oFHBL173)9FDHI173)9EH(201)91P(173)
IPT=5
MPT=6
CALL FH1
READ INPUT TAPE 59109D1sT)
10  FORMAT(4XsA6s13)
a0  READ INPUT TAPE IPTs10sDsT
IF(D=D1)40920940
20  IF(T=T1)14091544C
40 D025 I=1935
READ INPUT TAPE IPTs35sJUNK
35  FORMAT(I12)
25  CONTINUE
GO TO 30
15  BACKSPACE IPT
READ INPUT TAPE IPTs45sKAeDsT
45  FORMAT(I4sA6913)
K1=1
K2=2
READ INPUT TAPE IPT#50s(DH(IsK1)sIx1p201)
50 FORMAT (12F640)
READ INPUT TAPE IPT#35sJUNK
READ INPUT TAPE IPT+50s(HB(IsK1)sI=19201)
1 CALL FH2(K1)
READ INPUT TAPE iPTs459KA9Ds1
READ INPUT TAPE IPT9509(DH(19K2)91=19201)
READ INPUT TAPE IPT935sJUNK
READ INPUT TAPE IPT¢50s(HB(IsK2)91519201)
CALL FH3(1sFDH»999)
DO 55 I=15173
11=IP (1)
55  ER(13i)=FDH(I)
CALL FH4(DH(19K2)sEHsFOH9999)
CALL FH3(2+FDH$999)
CALL FH4(DH(19K2) 9DH(1sK1)9FOH2999)
CALL FH3(3sFDH»999)
CALL FH3(1sFHB99)
DO 60 I=19173
1I=IP(1)
60  EH(II)=FHB(I)
CALL FH&4(HB(19sK2) sEHIFHB199)
CALL FH3(2sFHB99)
CALL FH&4(HB(19K2)9sHB(1sK1) 9FHB99
CALL FH3(3sFHB99)
K=K1
K1l=K2
K2=K
GO 70 1
END



10

15
20

25

10

- 146 -

SUBROUTINE FHI1

COMMON O
EQUIVALENCE(O(1323)91P2(173)9IP1(346)9IP(519))»(0(1324)9IPT(1))
DIMENSION IP(173)0IP2(173)91P2(173)

READ INPUT TAPE IPTel109(IP1(I)eIP2(I)elP(1)el=19173)
FORMAT(5X#315)

RETURN

END

SUBROUTINE FH2(K)

COMMON O
EQUIVALENCE(O(804)9HB(402)9DH(B804))9(0(13223)9IP2(173)91P1(3446))e(0
1 {1671)eFHB(173)9FDH(346))

DIMENSION DH(20192)9HE1(20192)srHB(L173)oruri(l73)91P4d(173.:2iP2(L03}
DO 10 I=19173

Il=1P1(1)

12=1P2(1)

IF(HB(I19K)=9940)15520915

IF(HB(I29K)=99e0)25920925

FHB(I)=9940

FOH(1)=99940

GO 70 10

FHBUL)=(HB(IlsK)+HO(I29K) )/ 260

FOR(I)=(DH(I1eK)+UM(I29K)) /240

CONTINUVE

RETURN

END
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SVUOBROUIINE FR3(KoFHy J)

COMMON © '
EQUIVALENCE(Q(1325)sMPT(L1))slO0(16T4)eTLLl)oD(2)9kA(3))
DIMENSION FH(L173)eNH(1T73)

FJ=d

IF(K=2) 1091520

WRITE QUTPUT TAFPE MPT92590KA9Ds T
FORMAT(iRlI4sAY»I591l7TH 12 HOUR FORECAST)
GLU TU &4v

WRITE QUTPUT TAPE MPT9509KAIDT
FORMAT (iRl oiGsAY 91D 943 DIFFeRENCE DETWEEN ACTUAL MmAP AND FORECAST
1)

GV Tu 4u

WRITE UUTPUT TAPE MPTe229KAIUST
FORMAT(IHLo[49AYsIdocon DIFFeRENCE B8Y PERSISTENCE)
DO luv i=lelis

Nali)ern(l)

WRIIe VLUTPUT TAPE MPI94959eNH(1)
FOURMAW(///7745X916//77)

MBl=3

Mbl=Yy

WRiIlE QUTPUT TAPE ¢iPiesdUs(iNm(i)si=mboloMocg)
FURMAITLIUAIONLLAIIOIDAI 2491677/ 7)
Mblsmoa+io

Mol=ripZ+lo

IF(Mpe=1i53)155900960

WRIITE VUiPUl TAPE mPi96d9NR(103)
FURMAT(3UuX930X90UN910)

WRITE WQUTPUT TAPE mMPTe7U9KA

FORMAT(LlRlI4)

WRITE OQUTPUT TAPE wMPlelbenNrl{2)

FOURMA I/ /7 3UA20UAIDUA]IG6///)

MBlsiv

Mbl=lo

WRITe wuirul TAre mPisousiinnil)siz=moasmpbes
FURKMA I (4AvsolchoiosdA)scAriorsr/)

Moblsmol+lo

Mbe=mMmbL+io

IE{MD2=162)85905990

WRITE OUTPUT TAPE MPT900e(NA(I)92I=1649172)
WRITE OQUTPUT TAPE MPT995eiNR(173)
FORMAT(1YXel0)

Ir(k=¢)1Uo91ia0U9.i0

Srnz=veu

SH=UeU

VU 1iD i=il9l{3

Iirlrnti)=rdlicusiloeico
Srh=ornraoSrirni{i))

SHESH+iev

CONT iiNnvE

Str=orn/Sn

WRITE QUTPUT TAPE MPT9125#SFH
FORMAT(///73UX930X030X01UX9r6e0)

RETURN

END
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SUBROUTINE FH&4(HsFoFHJ)
COMMON O

EQUIVALENCE (Q(977)9IP(173))
ODIMENSION IP(173)eH(201)eF(201)0FH(173)
Fd=d

DO 101I=14173

II=IP(1)

IF(H(II)=FJ) 15920915
IF(F(I1)=FJ)25420925
FH(I)=FJ

GO T0 10

FH(I)=H(1Il )-F(I1)

CONT INUE

RETURN

END



	0050_Bluebook_1001
	0050_Bluebook_1002
	0050_Bluebook_1003
	0050_Bluebook_1004
	0050_Bluebook_1005
	0050_Bluebook_1006
	0050_Bluebook_1007
	0050_Bluebook_1008
	0050_Bluebook_1009
	0050_Bluebook_1010
	0050_Bluebook_1011
	0050_Bluebook_1012
	0050_Bluebook_1013
	0050_Bluebook_1014
	0050_Bluebook_1015
	0050_Bluebook_1016
	0050_Bluebook_1017
	0050_Bluebook_1018
	0050_Bluebook_1019
	0050_Bluebook_1020
	0050_Bluebook_1021
	0050_Bluebook_1022
	0050_Bluebook_1023
	0050_Bluebook_1024
	0050_Bluebook_1025
	0050_Bluebook_1026
	0050_Bluebook_1027
	0050_Bluebook_1028
	0050_Bluebook_1029
	0050_Bluebook_1030
	0050_Bluebook_1031
	0050_Bluebook_1032
	0050_Bluebook_1033
	0050_Bluebook_1034
	0050_Bluebook_1035
	0050_Bluebook_1036
	0050_Bluebook_1037
	0050_Bluebook_1038
	0050_Bluebook_1039
	0050_Bluebook_1040
	0050_Bluebook_1041
	0050_Bluebook_1042
	0050_Bluebook_1043
	0050_Bluebook_1044
	0050_Bluebook_1045
	0050_Bluebook_1046
	0050_Bluebook_1047
	0050_Bluebook_1048
	0050_Bluebook_1049
	0050_Bluebook_1050
	0050_Bluebook_1051
	0050_Bluebook_1052
	0050_Bluebook_1053
	0050_Bluebook_1054
	0050_Bluebook_1055
	0050_Bluebook_1056
	0050_Bluebook_1057
	0050_Bluebook_1058
	0050_Bluebook_1059
	0050_Bluebook_1060
	0050_Bluebook_1061
	0050_Bluebook_1062
	0050_Bluebook_1063
	0050_Bluebook_1064
	0050_Bluebook_1065
	0050_Bluebook_1066
	0050_Bluebook_1067
	0050_Bluebook_1068
	0050_Bluebook_1069
	0050_Bluebook_1070
	0050_Bluebook_1071
	0050_Bluebook_1072
	0050_Bluebook_1073
	0050_Bluebook_1074
	0050_Bluebook_1075
	0050_Bluebook_1076
	0050_Bluebook_1077
	0050_Bluebook_1078
	0050_Bluebook_1079
	0050_Bluebook_1080
	0050_Bluebook_1081
	0050_Bluebook_1082
	0050_Bluebook_1083
	0050_Bluebook_1084
	0050_Bluebook_1085
	0050_Bluebook_1086
	0050_Bluebook_1087
	0050_Bluebook_1088
	0050_Bluebook_1089
	0050_Bluebook_1090
	0050_Bluebook_1091
	0050_Bluebook_1092
	0050_Bluebook_1093
	0050_Bluebook_1094
	0050_Bluebook_1095
	0050_Bluebook_1096
	0050_Bluebook_1097
	0050_Bluebook_1098
	0050_Bluebook_1099
	0050_Bluebook_1100
	0050_Bluebook_1101
	0050_Bluebook_1102
	0050_Bluebook_1103
	0050_Bluebook_1104
	0050_Bluebook_1105
	0050_Bluebook_1106
	0050_Bluebook_1107
	0050_Bluebook_1108
	0050_Bluebook_1109
	0050_Bluebook_1110
	0050_Bluebook_1111
	0050_Bluebook_1112
	0050_Bluebook_1113
	0050_Bluebook_1114
	0050_Bluebook_1115
	0050_Bluebook_1116
	0050_Bluebook_1117
	0050_Bluebook_1118
	0050_Bluebook_1119
	0050_Bluebook_1120
	0050_Bluebook_1121
	0050_Bluebook_1122
	0050_Bluebook_1123
	0050_Bluebook_1124
	0050_Bluebook_1125
	0050_Bluebook_1126
	0050_Bluebook_1127
	0050_Bluebook_1128
	0050_Bluebook_1129
	0050_Bluebook_1130
	0050_Bluebook_1131
	0050_Bluebook_1132
	0050_Bluebook_1133
	0050_Bluebook_1134
	0050_Bluebook_1135
	0050_Bluebook_1136
	0050_Bluebook_1137
	0050_Bluebook_1138
	0050_Bluebook_1139
	0050_Bluebook_1140
	0050_Bluebook_1141
	0050_Bluebook_1142
	0050_Bluebook_1143
	0050_Bluebook_1144
	0050_Bluebook_1145
	0050_Bluebook_1146
	0050_Bluebook_1147
	0050_Bluebook_1148
	0050_Bluebook_1149
	0050_Bluebook_1150
	0050_Bluebook_1151
	0050_Bluebook_1152
	0050_Bluebook_1153
	0050_Bluebook_1154
	0050_Bluebook_1155
	0050_Bluebook_1156

