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~ A computer simulation of radar-measured radial veloc i ty pr ofiles was made to
evaluate the effects of finite antenna beanwldth and the location of the radar on

~the measuremen t of low-level wind shear. The inputs to the computer s imulat ion
program are the radar characteristics and the existing wi nd f ie ld  - the outputs are

j th e wind component along any line (usually the glide path) and the radar-measured
~radial veloc i ty profile for a given antenna location and antenna pointing. The
results ShOW that a radar bean~ idth of 1.5 deg. provides sufficient spatial resolu-
tion to measure low-level wind profiles. However, when the wind fields contain
horizontal gradients , headwinds and tailwlnds encountered by an aircraft on the
qIide path cannot be measured by a fixed-beam radar that is offset from the end
of the runway . A steerable antenna is needed to adequately measure the wind
profile for these cases.
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1. INTRODUCTION

Over the past few decades microwave Doppler radars have demonstrated
the ability to measure wind fields in regions where there is sufficient
reflectivity from particles , such as precipitation , to provide a radar echo.

-: 
Recent experiments have shown that sensitive Doppler radars can detect
and measure the radial velocity of refractive-Index fluctuations In optically
clear air. Using the Veloci ty-Azimuth Display (VAD) technique, Freqi~ency
Modulated-Continuous Wave (FM-CW ) Doppler radar and pulse Doppler radar
can measure average wind profiles from either precipitation scatterers or

F refractive- Index scattering. Therefore, microwave Doppler radar is capable
of providing wind measurements In all weather conditions . However, a
vertical profile of the average horizonta l wind near a particular point,
Such as the touchdown point or middle marker. may not be adequate to warn
aircraft of the presence of dangerous winds during take-off and landing
when the wind field Is spatially or temporally variable. The radar must
be capable of accurately measuring the radial veloc ity at low elevation
angles and shor t ranges to determine the wind profile encountered by
aircraft on the landing and take-off paths near the runway . An experi-
mental program is being conducted at the National Aviation Facilities
Experimental Center (NAFEC) to determine If an air traffic control
radar , equipped with a suitable antenna and with Doppler data processing ,
has sufficien t sensitivity and resolution to accurately measure radial
wind profil~,s at low elevation angles and short ranges In optically
clear air (as well as in regions of precipitation).

The mean Doppler veloc i ty depends on the radial veloc ity distribution
of the scatterers in the radar resolution cell , so that the radar-measured
velocity Is a filtered version of the actua l wind component along the

‘ axis of the radar beam. Velocity gradients existing over distances much
smaller than the radar beanwidth will cause a broadening of the Doppler
spectrum but will not be revealed by the radar-measured mean velocity.

I 
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Velocity gradients existing over distances comparable with the beansddth

will be smoothed so tha t peak values w il l not be detected. Furthermore,

if the radar Is offset f rom the runway so that the axis of the radar
beam Is parallel to but displaced from the fl ight path, the measured
wind component wi l l  be representative of the actual wind component along

the flight path only if the wind field is horizontally homogeneous (I.e.,

if there are no horizontal gradients).

This report describes a computer simulation for testing the effects

of both finite radar resolution volume and radar displacement relative to

the runway on the radar-measured component of the wind along the flight

path. The simulation program contains six wind shear models, and the

results obtained with these models are included In this report. The

simulation program is general enough to accoimnodate any analytical wind

model that expresses the Cartesian wind components In terms of Cartesian

position coordinates.

,‘
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2. FORMULATION OF THE SIMULATION PROGRAM

The location of the radar and the runway are illustrated in Figure
2.1. The nominal touchdown point is the origin of the Cartesian coordi-
nate system. The radar location is at (X R. 

~R’ 
0). The azimuth pointing

ang le (AZ) is measured clockwise from the positive y direction , and the
elevation pointing angle (EL) Is measured upward from the horizontal.
The aircraft travels along the glide path at an angle •G from the horizontal ,
so that, at a radial distance RG from touchdown, its coordinates are
given by

X
~~

PG COS
~~G

y s o

z * R G sin :G.

The analytical models of the wind field provide the Cartesian wind
components u , v, and w for any (x ,y,z). The wind component in the direc-
tion of the alrcrafts flight path is calculated from

V
6 

U COS + W sin

Wi th  this formulatIon , a tailwind is a negative glide-slope veloc i ty and
a headwind is a positive veloc i ty for an aircraft landing.

A spherica l coordinate system wIth Its origin at the radar has
coordinates (r.- ,:) that are related to the Cartesian coordinates by

x r sint. cos: +

y r cos - ~~~ +

z r sln•.

The radial component of the wind , at any point, is related to the Cartesian
wind components by

3
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VR(r,u ,~
) u(r,~’,~-)s in cosq

+ v(r,’.i ,;-)cos~ cosq

+

We assume uniform radar reflectivity and calculate the theoretical radar-
measured radial velocity at the poInt (R,AZ ,EL) from

f VR (r,t),~
)W(r ,

~
,
~
)dV

VM (R ,AZ,EL) -
~~
—--——--- -______

f W(r,u’ ,t~)dVV

where W is the two-way radar antenna Illumination function defined by

W exp I 
- 1: ~A~i j_~~ -.cLlt

and .~~ (-..-~_ i_~ ) ,  where B is the 1-way antenna b eamwidth. The vo l ume

element dV (dr)(rd:)(rcos:-d ). The limits of the integration are taken
as r-R c~/4, j - -AZ rn.~, and ‘~ -Ei l rn.~ where ~ is the radar pulse
duration , c is the velocity of propagation and m is a constant (equal
to 3 .1) which assures that the error introduced by i qnorinq part of th~
antenna illumin ation is neql iglble. The integration extends beyond the
-20 dB illuminati on points. The integra l is evaluated numerical ly,
using volume elements of the order of l03m3. The actual wind component
alonq the qlide path and the theoretical radar-measured radial veloc i ty
are displayed for comparison . The calculated radial velocities are
expected values that would be measured by an actual radar with random
r,easureinent error. The radar resolution volume low—pass filters the
true radial wind field so the resolution of the measured wind depends
on the pulse length of the radar and the antenna bean*ddth.

5

——- - -~~~~— - ~~~~~~~~~~~~~~~~ - --—-~~~~~~~~~~-~~~~~~~ - --- - 
_ _ _ _ _



---- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ______________

3. WIND SHEAR MODELS

Six wind shear models were included in the simulation program . Models

1 through 5 do not contain hor i zontal gradients and are therefore vertical

profiles of the horizontal wird. These profiles are the same at every

(x,y) location. The first fot~r profiles were developed by Fichtl and

Camp’ of NASA ’S Space Sciences Laboratory for the FAA . The fifth profile

was presented in a memo by Langwell . The sixth model was developed by

the authors. It Is a three-dimensional wind model with horizontal and

vertical gradients of al l three wind components.

Profile 1 (FIchtl and Camp ’ s profile 1) is a logarlttvnlc profile

that is typical of the wind in the neutral boundary layer. The functiona l

form is

V (Z) V (20) ) for 1.5 1 : 1500 feet,

where V(Z) is the magnitude of the horizonta l wind at height Z and V(20)

is the reference level wind taken as 11.5 rn/s. The wind direction is

constant with height and the vertical wind is zero.

Profile 2 (Flchtl and Camp ’s profile 3) is the reco.miended frontal

wind profile. The profile is

V(Z) 3.5(Z/2O)0~
43(m/s) 0 2 1500 feet

0~~ Z c lO 0 feet

O.4(Z-lO0)+~0 100 2 400 feet

~~~l20 + e ~, 4OO~~ Z l 5O0 feet.

G. H. Ffcht l and 0. W. Camp , letter to F. Melewicz dated January 23, 1 976.

‘ L. Langweil , FAA memo dated February 17, 1976.

_  
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t~ is the direction (in degrees) toward which the wind is blowing , measured

counterclockwise from the x-ax-i~ , and - -
~ 

Is the wind direction at the

surface. The vertical wind is zero.

Profile 3 (Fichtl and Camp ’s profile 2) is reconinended for representing

the nighttime stable boundary l ayer. The wind direct ion is constant
with height. The magnitude of the horizontal wind is given by a linear
interpolation from the following table.

• 
- Z~f e t ~ V3~npt~J

30 2.7
75 4.1
150 6.9
300 8.3
450 11.4

— 
600 1OJ

9.2
900 8.2

1 050 8.0
1200 7.9
1 300 7.8

— 1500 7.8

Be i’~ 30 feet the wind i~ given by V 2.7 ( z i 3o ~
45 . The vertical wind

~s zero.

rrn cil e 4 (Fichtl and Camp ’s profile 4) represents cold air outflow
~~ror a thunderstorm . The profile shows the winds encountered by the air-

cr aft at various hei ghts. It is a one-dimensiona l representation tha t

does not include the horizontal gradients that would be found with thunder-
ct rr~ outflows . The horizontal wind components are given in the following

tible.

7
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!kknots) Ljfeet)

7.7 30

11.6 75

19.6 150

23.7 300

32.4 450

30 600

26.2 750

24.6 900

22.9 1050

22.6 1200

22.3 1300

22.3 1500

Wind direction is constant with height and there is no vertica l wind .

Wind shear model 6 i~~ an analytic model that simulates a downburst
f rom a thunderstorm as depicted by Fuji ta and Caracena~. The center of

the downburst c~~c~ 
(see Figure 3.1) Is adjustable. The direction of

the horizontal wind is radia lly outward from the downburst center ,

and the magnitude is given by
-

~ 2
• 150Z e~~

l0fl’ (l-e~~
2
~ ) r/S ,

where 2 is the altitude (kin) and R is the distance from the downburst

center (kin). he horizontal wind components are

U V R
(X_ X

c )/R tn/ s

v V R
(Y_Y

c )/R rn/s .

T. T. Fuji ta and F. Caracena , uAn analysis of three weather-related
aircraft accidents N , in m.d;. ~~~~~~. ~~~t .  ~~~~~~~~~~~~ 58, 1977 , pp. 910—918.
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The maximum horizontal winds occur 560 m from the downburst center. The
vertical wind is given by

I
w • -6(l-e ) e rn/s.

In the computer simulations a minImum radar range of 450 in was
used . This minim um range was chosen so that the location of the radar
could be taken as 0 m above the runway without having negative heights

• 
in the pulse volume. The minimum hei ght for calculating radar measured
winds was 23.5 in. The minim u m range of actua l radars is expected to be
at least 450 m because of around clutter .

I
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4. SIMULATION RESULTS

Profiles 1-5 have no horizo ntal posit ion dependence; consequently,
the offset position of the racar relative to the runway is ininaterlal
for wind speed-height profile !. Th’ wind direction for profiles
1, 3, and S was made constant with height and parallel to the runway.
For profile 2, the wind direction varied with height and the direction
at the ground was also taken paral lel to the runway. Figure 4. 1 through
4.15 show the simulation results , with three figures for each profile.
The actual wind profile encountered by the aircraft Is shown as a solid
line ; the simulated radar-measured po ints are shown as diamonds. The
first figure in each group of three is a wind speed-height profile for a
3-degree antenna elevation angle , and the third figure in the group is
a wind speed-height pr 4ile for a 6-degree elevation angle. Since the
offset position of the radar Ic inr,aterial , ~t was taken as zero (radar
located at touchdown). Therefore , the  radar t~~n~~ and the distance along
the glide slope are the same o n l y  for a 3-deqree elevation angle. The

second figure In each group shows the winds along the 3-degree glide slope.

In al l cases , the rnlnimi.an ranqe o’ the radar was 450 m (3 microseconds),
which corresponds to a - i n i m u m  a l t~~~urI e of 23 n for a 3-degree elevation .
For profiles 2 through 5, the 1n~ ut wind profil e extends to a 1500-foot

altitude ; above 1500 feet, the computer program set the wind to zero.
This causes an unreal istic wind shear In the input , but It serves to

Illustrate the problem of finite antenna beanbidtPi at l ong range as

discussed below. For profile 1 , the Input model does not return to zero

at 1500 feet.

Fi gures 4.1 through 4.26 present simulat ion results. The legend

appearing below contains the information comon to every figure and the

variables specIfically appropriate to each .

12
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Legend

The following parameters are coimnon to Figures 4.1 through 4.26.
Aircraft glide slope - 3 deg Minimum radar range - 450 rn
Runway azimuth angle - 90 deg Radar pulse length - 1 microsecond
Radar beanwildth - 1.5 deg Sampl ing increments - 10 m

All plotted wind speeds are in meters per second

The following table lists the variables specifically appropriate to each figure .

FIG. NO. AZ EL XR YR Profile 0 XC YC
4.1 90 3 0 0 1 90 - -
4.2 90 3 0 0 1 90 - -
4.3 90 6 0 0 1 90 - -
4.4 90 3 0 0 2 90 - -
4.5 90 3 0 0 2 90* - -
4.6 90 6 0 0 2 90 - -
4.7 90 3 0 0 3 90 - -
4.8 90 3 0 0 3 90 - -
4.9 90 6 0 0 3 90 - -
4.10 90 3 0 0 4 90 - -
4.11 90 3 0 0 4 90 - -
4.12 90 6 0 0 4 90 - -
4.13 90 3 0 0 5 90 - -
4.14 90 3 0 0 5 90 - -
4.15 90 6 0 0 5 90 - -
4.16 90 3 0 0 6 - .5 .5
4.17 90 3 0 0 6 - .5 .5
4.18 90 6 0 0 6 - .5 .5
4.19 90 3 -0.1 -0.1 6 - .5 .5

90 3 -0.1 -0.1 6 - .5 .5
4.21 90 6 -0.1 -0.1 6 - .5 .5
4.22 90 3 -2.5 0.1 6 - . . 0
4.23 90 3 -2.5 0.1 6 - .5 0
4.24 90 6 -2.5 0.1 6 - .5 0
4.25 60 3 0 0 2 90 - -
4.26 120 3 0 0 2 90 - -
* Wind direction at the ground.

All angles in degrees
Afl distances in km
• wind direction 13

-~~~~1
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ProfIle 1 (Figures 4.1 through 4.3) has very small gradients , so
the radar has no problem measuring this profile.

Profile 2 (Figures 4.4 through 4.6) illustrates the limitations
imposed by antenna beaimwidth. The large gradients near the 100-rn
altitude are represented reasonably well by the radar measurements, but
the gradient at the top of the input pr~fi1e is not. This is because the
range at the top of the profile is approximately 9 km and the beamndth
Is about 235 m. The gradient at 1 500 feet is smoothed by the 235-rn
vertical extent of the radar beam. The effect of pulse length on the
filtering of the gradient is negligibl e since the 1 50-rn range resolution
covers only an 8-rn altit ude change at 30 elevation angle.

Profile 3 (Figures 4.7 through 4.9) again illustrates the problem
of measuring large gradients at long range.

ProfIle 4 (Figures 4.10 through 4.12) contains large l ow-level
gradients ~as might be expected from a thunderstorm ) as well as discontinu ities
at mid -level and at the top of the profile. The distance or height interval
perturbed by the discontinuity increases with range or height because of
m il t er ing by the antenna bean~ idth.

ProfIle 5 (Fiqures 4.13 through 4.15) again illustrates the ability
of the radar to measure wind profiles , except near discontinuities or
large gradients.

In all of these profiles , the results for a 6-degree elevation angle
~~~ approximatel y the same as for 3 degrees. The major difference Is
tha t for a 6-degree elevation the minimum altitude is doubled (46 m)
and the range at maximum altitude is halved , so that large gradients are
not filtered as much. If there are significant horizontal gradients
present in the wind field , the radar-measured radial velocity profiles

27

__________  -- - - --. — — -—_- ---- - —



~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ -

would be different for various elevation angles. Measurement of the

profile at the 3-degree and 6-degree elevations can be used to test for

important horizontal gradients.

P~del 6, a thunderstorm downburst model , contains horizontal
gradients of the horizontal wind that show the problems associated with
radar location. The figures are also in groups of three with the same
display as used above. Results are shown for an Input profile that places
the location of the downburst near the touchdown point.

In Figures 4.16 through 4.18, the radar location is at the touchdown
point with the downburst offset 707 m (Xc 

= 500 i n) .  Figures 4.16 and
4.17 show that the radar can measure the profile when the radar beam Is
along the 3-degree glide slope ; however when the antenna elevation angle
is 6-degrees (Fi gure 4.18), the radar observes a significantly different
part of the downburst at every height , and the measured profile deviates
from the actual profile along the glide slope .

Fi gures 4.1~ through 4.21 sPow the rci~u1ts when 
fhp radar ,c displaced

by 100 rr from the touchdown point in both x and y (XR ~
‘R .100 rn),

while the downburst Is centered at X~ ~ ~~~ m. The 3-degree gl ide
slope profiles (Figures 4.19 and 4.20) dIffer only slight ly from the actual
prof i le , whi le  the 6-degree elevation angle profile deviates significant ly
as before. Displacement of the radar to • +104) in (profiles not
shown) also shows a small deviation of the radar-measured profile from the
actua l profile.

However , when more realistic radar offset positions are used
(X R -2 .5  ~~~ 0 .1  km). the radar-measured profiles (FIgures 4.22
through 4.24) do not even resemble the input profiles . At every height ,
the radar observation Ic made several kilometers from the glide slope and
the result Is uancceptable for gradients expected in thunderstorms. For

28
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offset positions this large , the radar would have to be scanned In azimuth
or elevation or both so that the radar measurements would be close to the
aircraft track. When the radar antenna pointing direction is changed so
the radar pulse volume Intersects the glide slope, the radar-measured
velocities approximate the headwind encountered by the aircraft unless
the angle between the radar beam and the aircraft track becomes too
large.

When the horizontal gradients can be neglected (as in profiles
1 through 5). both headwind and crosswind can be measured, either by
rotating the antenna through a complete revolution (the VAD technique)
or oy measuring the profile at two angles . (Figures 4.25 and 4.26). The
wind input is profile 2 . wh i c h  has crosswind as well as headwind . The
antenna elevation angle is 3 degrees. Fi gure 4.25 shows the measured
profile for an azimuth ang le 30 degrees counterclockwise from the glide
path; the wind direction is perpendicular to this azimuth angle for
altitudes greater than 400 feet. Figure 4.26 shows the profile for an
azimuth angle 30 degrees clockwi se from the glide path. At each height ,
the headwind Is the sum of the two radar measurements divided by 2cos(30°),
and the crosswind is the difference of the two measurements divided by
2sin(300). (Note that in Figure 4.26 the radar-measured points are off-
scale and not properl y represented between 250 and 450 m altitude.)
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5. CONCLUSIONS

The simulation program i - described and listed in the App endi-~.

It can be used to find the ex-wcted radar-measured radial veloc i ty profile
for any antenna position , beairw~idth , pu l se length , or radar lo ation .
The wind input can be any analyt ical model. At present , the onl y out-
put is the radial velocity pr f1le . but th~ program could be expanded
to test scanning strategies tr,at would t ombine the outputs from various
antt’,na pointing directions t3 deduce win d profile s .

The simulation results show that for ~n antenna bean~ddt h  of 1.5
degrees low-level gradients m real istic wind profiles will be properly
measured by the radar. If the wind field does not contain sionificant
horizontal grad i ents, the elevation angle I~ nn( cr itual . The rCc~ ltS

sugges t tha t one way to test whether hor~jo;~t~sl gradients are i mportant
I~ to measure the profile at various elevat ion ~si~ lr~ . At r~ rleva t ion

ang le equal to the n i j i l l  c lope  (no ni i ,i~i 11 ~ ds~qr s-~ s). ,trcm l oradient s

at a 500—rn altitude wi l l be heav ily I il t s-i s~ by the radar pul~ s- v~~l ume .
because of the vertic al extent of tt€’ ~~~~~~~~~~ bean~~id t h . Therefore .
this strong filter ing will  r emain until th . elevation angle Is very
hi gh , and , cince the min imum range u t  a pulse radar s ç  at least severa l
microseconds, it sill not be i - 1i11ft to reso~~u strong gradii’nts ~~t

altitudes above ‘,r’v~ral hundred nieters. The antenna heamwidth fflters
the wind profile, but does not ci qn i fi cant lv fi lt. - , - re ali st i s wind

profiles at low lpv~l~ .

The effect of radar offset from the runway presents a serious problem
for wind fields with significant horizontal gradients coninonly found in
thunderstorms, It Is evident from these s imu la t i ons  tha t  the p r o f i le
along a path parallel to the glide path (c not acceptable for offsets
of several kilometers . If there is a precipitation echo, the entire

region may be scanned (rapidly) and a single Doppler radar may be able to
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identify hazardous areas without actually measuring the wind vector. For
example , a contoured display of the radar-measured radial veloc i ty (obtained
from data acquired during an azimuth sector scan) would reveal the location
of the downburst in model 6. FIgure 5,1 shows the radial velocity
profiles measured by a radar scanning a downburst at several azimuths.
In this case the downburst (model 6) Is located 2.5 km from the runway
(X
~ 

= 2.5 ~~ 0). while the radar I~ located at X R -2.5 km , YR -0.1 ~~~~ - ,

The elevation angle is only 1-degree, so the radar can detect the strong
outflow that occurs in the lowest 200 m.

I .
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Figure 5.1 Radar_meaSured radi al veloc i ty profiles for a downburst (model 6).
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f APPENDIX: COMPUTER PROGRAII

1. Program Structure

The computer program consists of the modules shown in the structural
diagram (Figure A .l). This chart illustrates the heirarchy of the modules
and not the sequence of execution (Myers , 1975) . The connecting lines
indicate that the module below -is called by the one above. The parameters
passed between the modules are listed in the input-output table (Table A.1).
The interface numbers refer to Fioure A .l. The parameters listed under
INPUT are passed from the call ino module to the one called , and those
listed under 0UTPI~T are returned by the called module. The parameter
that determines which wind model is used , UDN . and the graphics parameters
are the only ones not inc l uded in Table A. l . MON is passed by means of the
comon block , MODEL.

The system dependent oraphics  routines (namely AUTOPLT,DD!NIT, and
DDE N D ) referenced in the program lis tin o , and their associated coririon
blocks (LABPL and SIZEPL ) have been omitted fror t h i s  d i scuss ion .

~~. Description of the Program Plodules

GUSIII obtains the wind model number and controls the cort~utation
of the wind profiles.

GPPROF computes the actua l radial veloc i ty alono the qlide path.
RMPROF computes the radial velocity profile measured by the rada r.
RPLOT plots the actua l and measured radia l velocity profiles versus

range.
ZPLOT plots the radial veloc i ty profiles versus hei ght.
READGP obtains the al i de path parameters, namely, the elevation annie,

the azimuth , the maximum range, and the ranne increment at
which the veloc i ty is computed .

G. J. Myers, - • -
- :.- . -

~~~~~~~~~~~~~~
- 1:,’ i~~’~; ~~~~~~~~~~~~ :~‘~ ip ’n, (New York:

Petrocelli Charter , 1975.)
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READRM obtains the fol l owino radar parameters: elevation annie,

azimuth , max imum r0nqe . range increment (for integration net),

radar location , pu’se lenoth, range delay, and beana~idth .

RNIHT computes the radar--measu red mean radial veloc i ty wi thin a

pulse volume by i ntenrating in ranne the mean radial velocity

In the beam cross section .

(LINT computes the mean radial velocit y in a beam cross section by
- - integratin g with resoect to elevation the mean radial veloc ity

in the azimuth beamwldth.
AZ INT computes the mean radial in the azimut h beanwiidth.

RADVEL converts the spher ica l  coordinates to Cartesian and computes

the radial component ot u, v , and w.
WINDN computes the wind components u , v , and w at the point (x,y,z)

for wind model ~~~ .

The radar antenna i l l u m i n a t ’ cr ’  fun cti - ‘~~ . W W EL WAZ . where

and 

W FL 
‘ -~~LY )

~~ 
-
~ 

( — - 
~~

- - .

was factored , so tha t the intearal could  be eva l uated one step at a time ,

as follows :
- \I 

~~~~ -

VAZ 
~A Z

V EL EL

where N is the number of range Increments in a pulse . This was done to

facil itate proqraminq, but had the added benefit 0f eliminatin a the

need for large array storaqe.

~
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Figure A .1 Structure diagram for the simulation program.

3~

- —-- -5-— —5- 

- — - --i- — - - - - — 5- -- - -5----——- - -~



-~~~ -—--.-- -~ -- 
~~~~~~~~~~~~~ ~~~~~~~~~~~

3. Da ta Inpu t -Outpu t

This program has been rtn in con junction with an inter actii~
program that interrogates the- user to request parameters . The parameters

are stored t n  a f i l e  named TA P E 23.  T h i s  pro gram runn in g  in batch mode

accesses the file to obtain the p aramete rs .  Ma ny of the input/output

statements are l i s t  directed (i.e.. the data type determ i nes the format).

To Improve the portabi lity of the progr am , the references to u n i t  23

could be changed to a standard i nput unit and the li st directed statement

changed to formatted statemen~- .

Except for li sting the Input parameters , the output is entirely

graphical. The actua l qh d e  pat r~ ~- r - f i i e  is plotted as a solid curve

and the radar-measured profile is plotted as one-po int per pu l se volume.
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4. li sting

iNTER- INPUT OUTPUT
FACE

1 GPW Glide path radial velocity
CPG Distance alono glide path
GP? Alti tude along glide path
‘~(hP N~~; bt’r ~ t points

2 R~ t4 Radar measured radial veloc i ty
RR G Radar range
Rt12 Alt itud e along beam
‘IRM N umber of points

3 GPW ,GRG ,NPG ,R~~ ,RR G ,NRM

4 GPW ,GPZ ,NGP ,RMW ,RMZ ,NRM

5 GPH Glide path azimuth
CPA Glide path elevation angle
GPR Maxi mum distance along glide path
ORG Distance between p oints

6 R Same as CRC Radial veloc i ty along glide path
AZ GPH converted to radians
EL CPA in radians

7 RAZ Radar azimuth
REL. Radar elevation angle
RNG Maximu m rada r range
DRR Range incremen t
XR ,YR Radar coordina tes

— 

RPI Rada r pulse length
RR[) Radar range delay
RRW Radar bear~’v1dth

8 RRG Plean radial velocity in pulse vol ume
DRM Pulse lençth in kr .
DRR
A : ~ A ? in radians
EL REL in radian s
XR ,YR
Bus  RBW in radian s

R Same as RRG Mean radia l  veloci ty  In beam
DRR .AZ,EL,XR ,YR ,BW cross section

1(1 R ,DRR ,AZ,11,XR ,VR ,Bw Mean radial velocity wi th respect
to azimuth beaimildth

11 R ,AZ,E1 ,YR ,YR Radial veloc i ty at a point

12 X ,Y ,Z Coordinates of point U ,V ,W Wind components

Table A. !
— 37 
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PR ~ G R A M  ~1 . M ( ’U~~ ‘ - I ~~~T ,~~~~r~ -~~)

~~~)MMON /~~. ~~-‘ r ~~/ M I i

:IM FNS ION GPW ( ~O(H ) ,C,h -~( 100 1 ,~~~7 (  ~ 0 i 1  )

X RM W ( 1 ~ 1 )  , - i ) 1 ) , h M ?  (101)
CALL ~I I N lT (e ,d~0U St4}-rZ Y X~~~L4~~ 

- RR )
REW INI’ t~lC 0 N T I N I ~
N R M  = 100
NGP 1000
R E A L ~(� I, •
P R I ’~1T’,” M ) i r .  ~ U M R i  R “ , M~ ’N
:~~ ( MEN .L~ . 1 ) - .O r~( M ( N . GT . ’- Y;O —

CALL.. ;p PR oF(- ;pw ,~~~~, ;~’:,~~~t - )
CALL RM PR (RMW .~~h . ,R’47 ,NRM)
C A L L  RP - ) T ( G P W , GR , N G P , MW ,~~~h~~~, ’fl ~ M )
CALL ZP L T ( - ~PW ,GPZ . N’ F’ ,R M W ,R~~ .N R u )

~O TO 1
-~S T I N U F

CALL DOENU
FPth

SU~4R’)tT IN~ S P P ~ ~
. ( S P W  .:;y- . ~ • , . )

C ~ ~i:w~ T C “~~ ~ ~A t ’ A . v~ L~ C: :Y PP -’~* L r  AL N 2  ( L I~~ P A T H
C ~~ i~~ - ~A: -IA ‘;rLc~C :TYr —~~~f~ ‘~~~

C CR: I S  A L T I T U ~-
C NP ( IS Nt ~M RF 9 !~ B

U T M F N ~~ ‘~ Gr~ ~ ~~~~~~~~ 
) .—

~~

CALL R~ A1~~~( ’ . A .GF-~~, ~~)C L - N V r R T  ~~~~ 
-~~ r RA: ::-~~~

• A ’
) (H 7’ ..- ~ . ‘, F A

~4 :~~ (~‘G~ ~~~~~~~

tc ~ c .
~

R : •

R
: R’ “(.r~~~~)

PA
5 O N T I N I . r

RFT I~R N

- .4



SUBROUTINF R M P R O F ( R M W , R R G , R M 7 , N R M )
C ROUTINE TO COMPUTE RA DAR M EAS U R ED RA D IAL V ELOC ITY PROFILE
C RMW IS RADIAL VELO CITY
C RRG IS RANGE
C RMZ IS ALTITU DE
C NRM IS NUMBER OF POINTS

DIMENSION RMW (1),RRG (1) ,RP47 (1)
CALL READRM (RA ? ,R F L ,RNG ,D R R ,X R ,Y R ,RPL ,R R U ,RB W )

C CONVERT ANGLES 1- ~ R A U I A N ~
AZ 0.017U~~~ ’RA;’
EL : O .O171$’i3~ *R F L
BW = O .017L4~~~~1RBWC CON V E R T  R A N G E  T I M E S  T~~ K M .
DRM : 0.15’RfL
RRG (1 ) l . 15~~. k [  •
RMX RNG —

K : O
CONT INUE

K : K . 1
RM Z ( K )
R P4W (K) = P’~:’ :T ( RR ~~( K) ,r RU ,:JR~~,A7 ,E L ,X R ,YR ,BW)
RRG (K ,11 R R T ,(l( ) •

IF (RRG(K).LT.~~”X .AN t.  K.LT.NRM )GO IC’ 1
NRM K
R E T U R N
E N D

SUBRO U T I NE RP ( P W ,GR~~,N P ,R MW ,R R G ,NRM)
C ROUTINE TO PLC,T A - T ~ A L  (L

~~’~ PATH PROF T LF A N D  R A D A R  M E A S U R E D
C P R O F I L E  VERSUS R A N ~~~.CO MM ON / L A R P L ’: . A R x H ~- ) , L A R Y ( ~~) , I : ( R )

C O M M O N / 5 I Z F P L ’x ~~~, Xt ; P , y~ C, , YUP , KU X , KDY , K SX ,~( SY
DIMFNS I ON GPW (l),SC:(’),KI V (’~
DA T A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
DATA ~~~~~~~~~~~~~~~~~~LA BX ~~l) = l ’~H P A N G r ( K M )
LABY (* l ) 1~-HW N! SPEED
XLO 0 .0
X U P  10.fl
K DX : 10
WMX GPW(1)
DO 1 J:2,NGP

W MX A M A X 1 ( W M X , A R S ( G P W ( J ) ) )
CONTINUE
DO 2 J:2,7

I F ( W M X . L T . S C L ( J - 1 ) ) G O  TO 2
YU P SCL ( J )
YLO :
KDY 1CDV (J)

J 2 CONTINUE
XSX :K S Y : 1
CALL AU TO PL T(GR G ,GPW ,NGP,~~,8,1)CALL AU TOP LT (R R G ,RMW ,NR M ,2,_58,0)
RETURN
END
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SUBROUTI NE ZPLO1 UJPW ,UPZ ,NGP ,R M W ,RMZ ,NRM )
C ROUT INF TO PLOT ACT UA l . GLIDF PATH PROFILE AND RADAR MEASURED
C PROFILE vFRSI ;s ~~~~ I~~R i .

C O M M O N/ L A 8 P L/ L A RX ( ’~~ ,L A B Y ( R ) ,I D(8 )
C O M M O N / S I Z E P L / X L O , X~;P , YL0 , Y U P , KDX ,KDY ,KSX , KSY
D I M E N S I O N  GPW (1) ,SCL (7),K L> V (7)
DATA S C L / O . , 5 . , 1~~. , 15 . , ~~fl . ,3 O . , l*0./
DATA KDV/ O , 4 ,~~,6 ,~~,6 ,~~/LA B Y ( U )  1 ’H H I-1CII T KM )
LA B X ( 4 )  = I ~HwrWf - Sl’Et~U
W M X GPW (1)
DO 1 J: - , NGP

W M X A M A X ~~(W MX ,ABS (GPW (J)))
1

DO c J - . - , ?

I f ( ~ i~~Y .L T . ? C L ( I ~~l ) ”  1 02
X U~ ~Cl. ( )
X L~K E X  ~: .(.J )

C ,MT IN Lr
YLO:0.

‘(UP 0.5
KSX KSi
CALL AUT0PLT ( w ,~;r..: ,NCP .~— ,R ,1)
CALL A L~.TO PV ~~~~~~~~~~~~~~~~~~~~~RETURN

— END

S URR~~uT~~~- ~~ .A~~GP ( GPH , .PA ,GPR ,DRG)
C ~LILr PAT ~1 P A R A M E T r R  I N P . T  ROUTIN E

COMM -~Nf ~.A B P~. / L A 8 X ( ’~) ,LABY ( 8 ) ,ID( 8)
C-C ,MM~)N -‘~~fl - j

• ) P H  .GPA ,GPR ,t P G
PR I NT’, ’ cL..1 j PATH H~ A DI~ G— 18O (AZIMUTH ) “,GPH .”DEG .”
PRINT ’ . ’ GLI~~F PATH ANGLE (ELEVATION ) “,GPA ,”DEG.”

— PRINT’ ,” UAX RAN (T,F “ ,GPR ,”KM .”
PRINT’ ,” RAN-D r I N C R E M E N T  “ ,D RG ,”KM .”

EN CODF (~ O ,1~~ � , ID)MDN ,GPH ,GPA
10fl~ FORM AT ( MOIFL’I/’ GLIDE AZ ,EL’2F5.C))

R E T U R N
E N D  

.
~~~~ 

.

. 

-
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SUBROUTINE RFA D RM ( RAZ ,REL ,RNG ,DRR ,XR ,YR ,RPL ,RRD ,RBW )
C RADAR PARAMETER INPUT ROUTINE

COMMON/LABPL/LABX (8),LA B Y (8),ID(8)
R E A D (2 3 ,’)RAZ ,REL ,RNG ,DRR ,XR ,Y R ,RPL ,R RD ,RBW
PRINT 1002,RAZ

1002 FORMAT (’ RADAR AZIMUTH ANGL E ‘FU .O’DEG.’)
PRINT looq ,RE L

lOOn FORMAT(’ RADA R ELEVATION ANG LE ‘FLO’DFG.’)
PRINT 1006,RN G

1006 FORMAT(’ MAX RADAR RANG E ‘F~~.1’KM .’)PRINT 1~~O8 ,D R R
100 8 FORMAT ( ’  RANGE SAMPLING I N C R F M F N T  ‘F’~.2’KM.’)PRINT 1O 1C , X R ,Y R
1010 FOR MAT ( ’  RADAR DI SPL A CFM FNT (X ,Y )  F ROM TOUCHDOWN (‘

X FLI . ‘ , ‘F 11 . ~ ‘ )KM •)
PRINT 1 012 ,R P L

1012 FORMAT (’ RADAR PULSE LENGTH ‘F3.1’MICROSEC. ’)
PRINT 1 01L~,R R I

1 O 1 -~ FORMAT (’ RADAR RAN Gr DELAY ‘FL 1’MICROSFC .’)
P R I N T  1O16 , R BW

1016 FORMAT (’ RADAR B rAM WIDTH ‘F-3. 1’DEG.’)
ENCODE (2 ~~~, 2c’~~~, ID( L~ ) ) R AZ , RFL

2002 FORMAT (’ RA A R AZ ,EL ’.-~E5. C))RETURN
F N D

FUNCTI-~~ RN!~ T (R R G , D RM ,D R R ,AZ ,E L ,XR ,YR ,BW )
C COMPUTES ME A N RA D IAL VE LOCITY IN PULSE VOLUME BY INTEGRATING ,
C WITH RESPECT T-~ RAN (~~, THE MEAN VELOCITY WITH RESPECT TO REAM WIDTH 

-

R = —

RMX R • :~~‘~
S V : O .
EN

I CONTINU E
VR E L I N T(R ,URR ,A :,FL ,X R ,YR ,BW)

— SV : SV • V R
EN IN • ‘ .

R = R • D R R
IF (R.LF.RMXYC , TO 1
RN INT = S V / F N
RETURN
END
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F U N C I  I O N  r L I N T ( k , U H I , A - ’ • F L ,X R ,YR ,BW )
C COMPUT F M EAN R A D I A L  V E LOCITY ACROSS REAM BY INTEG RATING ,
C WITH RESPECT 10 FLEVAT ION ANGLE , THE MEAN VELOCITY WITH RESPECT TO
C AZIMUTH

DELTA 3 . ~‘BW
ANG = 3 .1 ’LrL TA
DEL D R R / ( R ’ C O S ( F L ) )
VL AZ 1NT (R ,I’RR ,AZ ,FL ,XR ,YR ,BW)
DL :0.

2. ‘Dr LTA D r LTA
S W : 1 .
CONTI NLI

DL = tiL • t E L
FLP r~. • ~1.
ELM = F L - D L

— 
VP = A Z 1 N T ( R , U R R , A Z , E L P , X R , YR , BW )
VM A ZINT(~~,t RR ,A Z ,FLM ,X R ,YR ,BW)
WT FXP (— DL’i-L/t~---)
SW ~- W •

VI. VL • WT’(V0.VM) —

IF (DL .LT .ANG ’; TO 1
F L I N T  = VL / ~ W
R E T U R N
F N D

FUNCTI ON ;::sT (R ,~-h R ,A7 ,IL ,X R ,Y R ,BW)
C C~ MP~JTFS M EAN RA I - IAL VELOC I TY WITH RESPECT TO AZIMUTH

DELTA
ANG 3 .  1 ‘DELTA
DA Z = D RR/ R
Vt R A D V E L (~I ,A.~ ,EL ,X R ,YR )
r)A (~~.

— 2. ’L ,EL;A ’ : ,FLTA
S W : 1 .
CONTIN UE

IA  DA •
A Z P  AZ • DA

A i M  — DA
VP = RA DV FL ( R ,A Z P ,EL ,XR ,YR )
VM ~A DV F L ( R ,AZM ,FL ,X R ,Y R)
WT rXP (-DA ’DA /D2)
5W = ‘~W • 2.’WTVL VL • W T ’ ( V P .V M )

IF (DA.LT .AN G)GO TO 1
AUNT VL/SW
R E T U R N
END

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _
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F U N C T I ON R A D V F L ( R , AZ , F L , XR , Y R )
C COMP UTES RADIAL VELOCI TY COMPON ENT OF U ,V ,W FOR A GIVEN WIND MODEL

COMMON/MODEL/M DN
SA : SIN(A Z)
CA COS (A Z )
SF SIN(EL)
CE = COS ( EL)
X = R’CE’SA + X R
Y R’CE’CA + Y R
2 = A MA X 1 ( 0 .O ,R’S F)
IF (P4DN .FQ. 1)CALL W IN~~1 (x ,Y ,Z ,IJ ,V ,W)
IF (MDN.EQ.2)CALL WIN~~- (X ,Y ,Z,U ,V ,W)
IF (MDN .EQ .3)CALL WIN D~ (X ,y ,z ,U ,v ,w)
I F ( M DN.E Q . -L~)CAL L. W I N D ~4(X ,Y , 2 ,U ,V ,W )
IF (MDN.FQ.5)CALL WINDS (X ,Y , Z,U ,V ,W)
IF (MDN.EQ. 6)CALL WIND6 (X ,Y , Z,U ,V ,W)
~ADV EL (U’SA • V ’ C A ’ ’ C F  + W ’SF
R E T U R N
E N D

~ U P R O U T I N F  W IND 1 ( X ,Y ,Z ,U ,V ,W )
C THIS VERSI ON GENERATES U G I V E N  Z
C TH IS PROFILE IS FOR NO V A R I A T I O N  -C~ ~~ N .  :- I~~r C T I O N  WITH ALTITUDE
C .000L~5 .LE.Z .LE.. Z35Kv . (1.5.T.F .Z.LF.15 (’(3l~~.)
C U20 IS WIND AT 2OFT. ALTITU DE :
C N O M I N A L  VALUE 5 M /S

- - - 
- C FOR R E F E R E N C E , CONSTANTS DEF:NED AND FO RM U L A  GIVEN IN F E E T

C IF (Z.LT. 1 .5) GO T O 6 C )( 3
C DLOG I LLN 1i .~~ , —

C ZLOG ’~~= LN ( ? / 1 .~- )
C U = u ~~-O ’ Z L ’ - ~~ 

— 3
UOC~6= 1~~.5U : O

IF (z.LT. .f l r 0 M 5)  GO TO 6,~ir ~
DLOG13:2.5900171 ~~L4

ZLOG15:ALOG (2/ .r(3 U5)
U:U006’Z LOG 15/ D LO G 13
RETURN

• - fC )~ U:0
RE TURN

• END

43

--1 

_ _ _ _ _ _ _  
_ _  _ _ _ _ _ _ _ _ _ _ _

~~~~~~
--

~~~~~ 
-----—- - - ---5--- .—_----- - - _ _ _ _ _ _

.5-. 5-—

__ - — 5 -- -



5-5-5- ~~~~~~~~~~~~~~ -~~- 5- - - -- - -  -- - _-
~~~~~~~~~~~~~~~

5 - 5 -
~~~~~~~~~~~~ - - - -v=~-- - II~~

SUBROUTINE W INU~~~ X ,~~,L ,’ ,V ,~~C THIS V E R S I ON G E N E  R A 1 r S  U , V FOR GIVEN Z
C W H E R E  O . L E . Z . L E .O . ~4 5KM.
C NOMINAL VALUE OF 1J006 IS ~C TH E TO IS S U R F A C E  W I N D  ~~~~~ KM .)  D I R E C T i O N

THETO :180 .
U :O
V = 0
W:O
IE(Z .LE .O .0)RIT~IRN

C FOR WIN I- SPEED WE . HAV E
C U006 IS WINE ’ A~ .006 KM.

U006:3.5
UU:U006’(Z/.rO 6)’*O.~~3

C FOR WIN D DIR ECT I-T N WE HAV E ,
I F ( ( . 12. L E . L ) . A N D . ( Z . L E . . 1 1 5) )  GO TO 1~4IF((. ’~ .LE.: )-AND . (Z .LF.. 1 ) ) GO TO 15
IF((0.LI.Z) .A NI - .(Z.LF.. C-~~’) GO TO 16

C MODEL FAILS F — B  THIS 7
RETURN

iL l  THET :12 ( iThE TO
G o b  ~7

i c

GO TO
16 THET :THFTO

V :UU’S IN ( HE T / 5 7 .
R E T U R N
FND

44
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SUBROUT INE WIND 3 ( X ,Y ,Z ,U ,V ,W )
C T H I S  P R O F I L E  IS THU ILL I E R / L A PPE N U M B ER 5
C FOR N I G H TIM E ST AB LE LA Y ER B O U N D A R Y
C EXP ECTS DISTANCF IN KILOMFTERS G IVES U IN METER/SECOND
C U009 IS VELOCITY AT .0091 KM.

DIMENSI ON UZ (12),Z0(12)
DATA ( UZ :1 .389 ,2. 109 ,L550,Ll .270,5.866 ,5.Ll03,L1 .734,Ll .2 1 9, LI . 116 ,
&4. 065 , L$ , 013, U . (313)
DATA (ZO= .0091 , .0228, .0Ll57 , .091U , .137 1 , .1828, .2286 , .27U3, .3200,
&.3657, . 3962 , .~4572)C F I N D  H E I G H T  I N T E R V A L  I

U 0 0 9 : U Z (  1)
U :V :W :~~.IF (s’.Lr ,C .ñ)RFT LJRN
DO 8~ J :1 ,12
K:J
I F (Z.LT.ZO (J)) -30 T0 85
CONTINUE

C ~C DE L FAILS FOR THIS Z .
RETURN

85 I= K
I F ( I . GT . i)  GO TO ~

PEThRN
C 1-0 L I N E A R  I N T F R P T h A T I O N  FOR 1:2 ,12
3 u:1=U Z (I)

U’2=~ Z( 
!_ 1  )

Z C l  = Z” ( I )

U:UZ2— (Z02— Z)’ (UZ2—UZ1)/(Z02— Z01)
RFTU~ N
iN I

45
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• SUBROUTI NE WIN D l1 (X ,Y ,Z ,U ,V ,W )
C THIS PROFILF I1~ FOR TH UNDERSTORM COLD AIR OUTFLOW
C EXPE CTS DISTANC E EN K I L O M E T E R S  GIVES U ,V ,W IN METER /SECOND
C THIS PROFILE G IVrS W , G IVEN Z
C FOR U , THERE A Rr LI CAS~~~; MAJOR AND MINOR (JPDRAFTS AND DOWNDRAFTS .
C CONSTANTS USED IN THIS MODEL AR E ;  Z D , ZR ,A ,L , P 1 ,P2 ,QO ,Q1 ,Q 2.
C VALUE S FOR ZD ,ZR ,L ARE IN KM . ,A IS IN METER/SECOND

DIMENSION VZ (7),U? (7),ZO(7)
DATA ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~DATA ( V Z : ~~. ’ 398 , 1 .5 ~~98 , U . 1062 ,-il . 1062,5. 1328 ,6.6726 ,5.1328)
DATA (Zfl:~~, ~~~~~ .0609 , .0900, .1350, .2250 , .1*572)
DATA Z D ,Z R ,XL ,A ,P1 ,~~2,QO ,Q1 ,Q2/.23U7 ,.137 1 , .0396,1 .2672,

&1 .21 ,0. 36, 0. 36 ,2.11165 , 1 .0769/
U:V:W:0
I F (Z .L F . O . ~ )RFTURN

C F I N E ’  HEIGHT INTERVAL I
C”) 50 J :1 ,7
K = J
IF(Z.LT .ZO(J)’ GO 10 85

80 C O N T I N U E
C MODEL FAILS FOR THIS Z

RET URN
85 I:K

IF (I . GI. i ) GO TO
U:—~ . 1~~~ 4
V = 1 . 5 -

~ 9 -~~

GO T~ U-?
C DC LINEAR I~~:ER P’LAT I~ N FOR 1:2 , 12
3 U’’ =UC (I )

U 2 = U Z ( I — 1  )
VZ 1 :V ,1 ( I l
VZ :=V Z( :— ~~)
Z 0 1 : 0 (1)
Z ( 3 €-’ :Z O( I - . l
U:UZ ~ - —~~’ ,~— .’ ) ’ ( U Z 2 — U Z 1 ) / ( Z 0 2 — Z 0 1 )
V =VZ~~— (Z~ ?— Z)’ (V22—VZl )/(Z02— ZO1 )

‘19 CONTIN UE
XX : Z / X I.
X R : Z R  X L

.r58 ) )  GO TO 55
IF (Z .LT . . ‘OO~~) GO ~ -O 5?
IF (Z .LT . . 11*0) GO TD ~1

C FOR MAJOR DOWNDRAFT WE HAVE W FOR ZD.GE.Z.GT .ZR
50 W :—Pi’A ’SIN (~~.1U1 5 9 27’ (XX—XR )/Q1)

. RETURN
C FOR MAJOR UPDRAFT WE HAVE W FOR ZR .GF .Z .GF.ZR—L
51 WN :(A’(XR—XX)/QO)’((2’Q0.1)’((XR—XX)”2—1)— (~~’QO”2— fl’ (XR—XXs1))

WD:((2’Q0,~~)’(Q0”?—1)— (1’QO”2—1)’(Q0—1))
W :WN/WD
R E T U R N

C FOR MINOR UPDRAFT AND MINOR DOWNDRAFT WE HAVE W FOR 2 BOUNDED BY:
C MINOR UPDRAFT , ZR_ (i4 .Q2)’L.GT.Z.GE.ZR~ (1+2*Q2)’L
C MINOR DOWNDRAFT , ZR- .L.G T . Z . G F . Z R — ( 1 - .Q2)’L
52 W:-P2’A’SIN(3. i1*15927’ (XR— 1—XX )/Q2)

RETURN
C Z OUT OF RANGE
55 WzO

R E T U R N
END 4(~

_________________________ 
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SUBROUTINE WIND 5(X ,Y ,Z,U ,V ,W)
C THIS PROFILE IS FOR NIGHTIMF STABL E LAYER BOUNDARY (SEVERE)
C PROFILE FOR NO VARIATION OF WIND DIRECTION WITH ALTITUDE .
C EXPECTS DI STANCE IN KILOMETERS , GIVES U Z IN METERS/SECOND.
C Ui AND 70 ARE TABLE VALUES FOR LINEAR INTERPOLATION
C UO()9 IS VELO CITY AT .0091 KM.

DIMENS ION UZ (l2),ZC (1?)
DATA (UZ:3.952 ,5.9511,iO.060,12.16U , 16.630 ,15.398 ,13 .4h7 ,12.626 ,

~ l1 .751* , 11 .600 , 11 . QL* 6 ,11 .Ll1*6)
DATA (?O= .0091 , .r?28, .1)1157 , .091U , .137 1 , .1828 , .2286 , .27113, .3200 ,
‘r n .  ~~~~~~~~~~~~ . ~~~~ .1*572)
U 009:UZ( 1
U :V:W= ‘ .

F (?.LE .~~.0)RETURNC F I N D  9E!~ H T I N T E R V A L  I
DO qO J :1 , 1?
K :J
IF(:.LT.:C (J)) Go T0 95
C ‘NT IN

C MODE L F A I S FOR THI S C .
RET U RN

-
~~~~

~ J ~~O 5
.:U(3O~ ’(Z/. (3(39’ )~~~~~l1~

R E T U R N
C 0 LINEAR TNTFR POLAT flN FOR 1:2 ,12
5 UZ 1= t. Z ( )

UZ?:UZ ( 1 — 1
~O1 ~~ 

- ( I
~O2:C~ ( — ‘ )

Rr T ’ ,RN

7-1
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S U B R O U T I N F  W I N D  6 ( X , Y , Z , U , V , W )
C ROUTINE TO COMPUTE A DOWNRURST WITH CENTER AT (XC ,YC),
C SCALE HEIGHT H , AND W I N D  SCALE WO .
C THE F U N C T I O N , WHICH OBEYS CONTINUITY IS
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C W=—WO~ (1~ EXp (_ (Z/H )”2’’FXp (_ (R/A )-I~ 2)C LET A BE .5 KM , H RE .1 KM , WO RE 6 N/S

WO : 6 .
A:.5
XC :O.5
YC:O.5
H= .1
DX : X—XC
LY :Y— YC
R2:DX”2.DY”2
IF (R2 .EQ.0) 10 ,20

10 FR :1.
R : O .
GO TO 3O

20 ER :EXP(—R2/A”2)
R:SQRT(R2)

30 CONTINUE
F Z : F X P ( — ( Z / H ) ’ ~~ )
I F ( R . F Q . O )  4O ,~~C

40
GO TO 60

5~ RFACT :(’ . — E R ) / R
VR:W 0 ( A / H )  “2’Z F Z RFAC T
‘J = V R ’D X / R
V : V R ’ D Y / R

60 C O N T I N U E

RETURN
END

48
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