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a, were u~i to i for  motion away from the radar t o  he indicated

~~~~ vi- w each Otorro in r~”~1 tj 5 ’~ w i t ~ u 1 to jj,,j~i.~~~~j_ ny pos i t ive  components , and m’otiori toward the radar
j ace nt  1 ~o ranre ~-oite.; . C) nc~ we were able to by n eg a t iv e  components. If we arbitrarily decide

~~~~~ 0,/ n rcos~, our awe of the l eaatifui PPI ~atterrio 
that in Fi ’ure 1, the area to tie r igh t  of the

toot we were .o- j o g , our ~oa became th e  under— railroad track (0 m onc 1 contour) is negative
standing of t roon pattern,;, at least in the broad— (toward the radar), then we know that  the wind is
est sense, for p c o o l b l e  r e a l — t in e  use (see color coming from 120 0 at all al t i tude levels. If the
plate), contour intervals are defined then we know the wind

~ Speed.
PPIs showing radial velocity components were

routinely taken at several o c l e et c i  elevation Figure 2 is similar to Figure 1 in that the
angles. Since altitude increaucs with increasing 0 a Sec’-1 contour is straight . This , again m di—
ran--c .- e n  t ie antenna is tiltei , eaci~ TTI shows cates a constant wind direction with increasing
a three dimensional picture of environmental wind height . The other contours, however, are now
components combined into one display . In other Oriented essentially parallel with the 0 m sec~~
words , the PPI color display shows a large number contour . This configuration results from a wind
of VAD—ty-pe (Velocity Azimuth Display ) patterns Speed increasing with height. When the radar is
(see: Lhermitte and Atlas , 1961; Browning and looking along a radial perperLdicular to the contours ,
Wexler, i96~~) sirrultaneously , where altitude is a it is looking upwind or downwind. So in this case,
function of ran —- , as in the first, the wind direction lies along the

120° — 300° plane.
2. PPI APPZARA!;CE OF HYPOTHETICAL WiND PROFILES

Figure 3 is also a constant direction situation,
The following is a discussion of Figures 1 a~ seen immediately by the straight 0 m sec 1

through 6, which depict six arbitrary vertical contour. The speed increases with height through
profiles as they would appear on a single Doppler half of the altitude interval, and then decreases
radar PPI d i o r  lay. Each figure shows a combina— the exact same amount by the time it reaches the top
tion of hypo the t i ca l  speed and direction profiles (or, the farthest range). Each set of closed con—
whioh are, by Jef’inition , horizontally homogeneous. tours is centered around the point of maximum wind—
Figure 1, for example, represents the appearance Speed . Again , the wind direction is along the
of the simplest win d regime, where direction and radials ghich are perpendicular to the contours
speed remain constant with height. The contours (120° — 300°, again).
are velocity components (usually expressed in
m sec~~) with the railroad track representing the Figures 14 through 6 are analogous to Figures 1
O a sec—1 contour. The 0 m Sec’-1 contour repre— through 3 respectively . The only difference is the
sents the locus of points where the radar beam is change in the behavior of the wind direction .
oriented perpendicular to the wind direction , a Figures 1 — 3 had a uni—directional wind structure;
fact that makes this contour quite handy for deter— Figures 14 — 6 have a veering wind with height. The

• mining the azimuthal plane of the wind direction 0 m sec’-1 contour takes on an “S” shape in a veering
at any point on the contour . If the top of wind field . The reason for this behavior is straight—
Figure 1 is north , then the radar sees a 0 m sec~~- forward . Remember that the 0 m sec ’l contour repre—
component of the wind speed when it is pointed at sents the locus of points where the radar beam is
30° and 210° azimuth. At these azimuths , then, perpendicular to the wind direction . Since the
the radar beam is pointed perpendicular to the direction of the veering wind increases in azimuth
wind direction at all ranges (and , therefore, at with increasing height, the 0 m sec ’1 contour will
all heights). The magnitude of the observed wind also increase in azimuth with increasing height and,
component increases (as a sine function) as the therefore, with increasing range. This results in
radar points away from 300 and 210°, until it the “S” shape seen In the figures. The 0 m Sec’-1
reaches a maximum value after a 900 change in contour in a backing wind field will simply have a
azimuth , i . e . ,  at 120° and at 300° . At these “backward S” shape (an ‘

~~~
“).

azimuths, the radar beam is oriented parallel with
the wind direction and, therefore, sees a component The other velocity component contours behave in
equal in magnitude to the actual wind speed. Based a way similar to the uni—directional cases, except
on these observations, it must be concluded that that they acquire the curvature forced by the chang—
the wind is coming from either 120° or 300° azImuth, ir.g of the wind direction with height. For example,
throughout the height range covered by the PPI (The Figure 14 shows a situation where the wind has a
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cun~~.a r i t  ~;pee’1 at aJi. levels , w h i l e  the d i r e c t i o n  350 i .  T h i n  ~t ruc tu re , w i t h  Only a s l ight  amoun t
i~ ‘eering. An in Figure 1, th~ eor~tour .~ all con— e1 veer ing  ext enda  to about i~5 km range on the
verge in to  the o r i g i n  of t he  dizpl ay . Figure 5 is f i g u r e , or up to about 900 m hei ght.  Above th1~~,
similar te Fi ’ur~ 2 in that t i -  wind .~ I i i i —  the p r ’i f i l e  ve ’-ru at an average rate of 1° for
creases w i t h  iicigh t .  The w i n d  d ir ect i on  at any every  8 m al t i t ude , er about 14° for •-very km range
heigh t (a  l’u n e t i c i  of range) Is )d ° fr nr; the  in tie rirur’- . The closed contours in the f igure
azimuth .~~

‘ the 0 m sec 1 contour at that  aci g ht .  g iv e  i i  the  up p -’iraiir’~’ of the pattern in Firure 6
The contour :  • new cu rve d , ,N no !ni g ’- r  p a r t l l e l  veer i  rig w i n d , n cr ~.u: I ng t .h ’-n dec r easing  speed)
to the 0 a s’.c I -~~~ • u r  A Ch~r Ck w i t h  the da ta  in laP j~ J .ye ~~j the fact

that , th i s  is , inid~- ’ i  , th - oa~’.~ finil y two of th e

~ig ur~,- ( is s i m i t ir  to FL aire 3 ,  ~-y ..e’~ ’. for six contour ::  ,~~ each s ide  of ti~~- U a ::., r~~ -~ contour
the curva tur e  c reat e  by t i - ’  v e er in , :  w i n .  i J i rec— are clo;eo because the decrease in wind  speed is
tic: , not the seine amoun t ins tifl ’ i ncr as’. that occurred

at lower 1ev - i : .
. F ’ .~1 N S i N U E  u- P ir:I I ’ h I ,  TO RADIAL VELOCITY PPI

D11 F ’LAY Fi gure A of the color plate is a picture of the
color dinplay at 2. 1° elevation angle , 2032 EST ,

In thin sect ion we wi l l  see that  rawiucon de two minutes  before the raw i nisonde was launched.
data displayed a: a r adia l  velocity P21 wi l l  The pattern is almost identical  to the rawinsonde
top e-ir  as a ccsrhination of .; mc ol’ th~ hj o t h e t i —  PPI pa t te rn , ari d any d iss imi lar i t ies  are most
cal w~:id field~ dc. :cr ibed in Section 2. A rawin— likely due to the sl ight di f ference in effective
. oiile was launched on 16 March l7((~ at 20314 EDT , elevation angle. For example , the veering begins
during a “Northeast~-r ” snow stern:.. Wind speed closer to the center of the display in the radar
and direction were attained for ever.,’ 100 meters picture because the beam is higher than the trigo—
of the ascent up to tn.~ 300 mb level , which was at nornetrically dcrived 20 rawinsonde FF1 scan.
an alt i tude of 881r~ meters . ‘ru e task is to trans-
form this information into a 221 display . A 2° The color 221 generally shows a homogeneous
elevation angle i,; used for this exurnr.le. Table I w i n d  pattern through the scanned volume. Varia—
.;sows a breakdown of the wind iata from the rawin— tions due to convergence , deformation , or particle
scade . The first two columns indicate the range fallspeed , are not picked up in real time , for they
from the ori:’in and the heigh t  at which  a 2° r-Je~ ar e d i f f i c u l t, or impossible to see on the color
v ion angle will inter-sect tout range. Inter— display unless they are larger than is usually the
polatjon of the rawinoonde data provideS values of case in a stratiform storm.
‘w ,sl speed and direction at these heigiits. 

AND }~~IGHT CHANGES OF RADIAD VEI~CI~~ ~~DISPLAY
Table I

Modified Ravirisonde Data.16 March 1916,20314 EST Figures A and B on the color plate are pictures
of the P21 display taken at 2032 (16 March) and

Range H t .  Dir .  Speed 01014 (17 March) ,  approximately 14 .5 hours apart .
Sj~i_ ~iL 

( °)  (in sec fl Both are low elevation angle scans (2.1°) showing
low-level wind flow. The colors represent wind

2 TO 0140 3.2 speed component on a scale from 1 to 99. The por—
1; 1140 01414 6.0 tion of the scale above 50 (green to red) indicates
6 209 0145 8.8 motion away from the radar with speed increasing
8 279 0146 ii.6 toward higher numbers (reds). The portion below

10 3149 014 9 114. 14 50 (whi te , and blue to purple) representm motion
12 1419 050 16 .7 toward the radar with speed increasing toward lower
114 1489 053 18.5 numbers ‘(purples). The number 50 corresponds to
16 558 0514 19.8 0 m sec— 1 . The black band between 147 and 53 on the
18 628 058 21.3 scale is the 0 m see—]- band. The top and bottom
20 698 062 22.3 ends of the scale are 22 in sec~-1 away from amid
22 768 065 23.0 towards the radar, respectively. For example:
214 838 065 23.7 77 means 27/50 x 22 a see—3- , or 11.9 m sec~~- away
26 907 067 23.1 from the radar, and 07 means 143/50 x 22 a sec 1, or
28 977 072 21.7 18.9 a sec’1 towards the radar.
30 10147 082 20.3
32 1117 090 18.9 In Figure A of the color plate, the flow near
314 1187 100 17.8 the first range ring is from the northeast. There

is a wind speed maximum at about 70° azimuth and
20 km range. Some red is seen in the purple region.

Figure 7 show s a radial velocity FF1 constructed This is a result of aliasing, which occurs when thefrom the data in Table I. Note , f i rst , that the
0 m sec— ]- contour assumes ar “S’ shape, but that speed is greater than the ± 22 m sec~~- unambiguous

velocity range of the radar. We call it a “ flip—its curvature varies with range , with the greatest over. ” From fable I , it can be seen that the maxi—curvature at the larger ranges , and with little or mum low—level wind occurred at around this heightno curvature closer to the origin. This is an m di— and had a value of 23.7 m sec 1, which is Just overcation of the tendency of the wind field to be the 22 m sec~~’ limit of the display .almost un i—direct ional at lover levels , bef ore it
begins to veer sharply . The pattern within the By 01014 , Figure B , the storm center had passedfirst  10 km of range has the appearance of the to the northeast of the area, and the 3-ow level flowpattern In Figure 2 (constant direction , increas— had backed to the west of north. The “S” is now on
ing speed), which reflects the vertical structure its side , and the speed maxima have shifted aboutdepicted by the sounding up to a heigh t of about TOO counterclockwise . The maximum speed has
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CONSTANT DIRECTION CONSTANT DIRECTION
CONSTANT SPEED INCREASING SPEED

Figure 1

Fic.n re 2.

CONSTANT DIRECTION
INCREASING , DECREASING SPEED L~1JPY A V4ILAp~jE TO ODC GOES NOT
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contained in these figures , please see the text .

Figure 3
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VEERU~G DIRECTION 

INCRE A SING SPEED

Fi~~ur ’: 5.
VEERING DIRECTION
INCREASING , DECREASING SPEED

2°EL 16 MARCH 76
2034 EST

Figure 6. 
‘

Figurea ii — 6 . These are similar to Figures 1 — 3.
In these figures , however , the wind direction veers Figure 7.
wi th height , forcing a change in the appearance of
the patterns. The text contains a full explanation Figure 7. Radial velocity P21 constructed from
of these figures. the data in Table I. A I~ m sec~’1 contour is ad—

Jac~nt to the 0 m sec ]- contour. The Interval for
the remaining contours is 3.5 a sec ’1. The minus
sign is located at an inbound speed maximum
(23.7 m sec 1). At the plus sign , the maximum is
outbound .
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4 nie:reas’-d to  (sot ur,it’r 22 ,~--i flowing through . These would appear as pieces of
S strat i form—ty ’pe velocity display,  as though a

C ~ ti.~ plate i: a (.i 0 e levat ion cookie—cutter had lifted them out (V :au s , 19714) .
I ,z,~~i ’— ~c nm taken eurii. r luri ng t i n e  :turm , at These “flow—through ” echoes are not likely to be

i n s  EC’ . The pa~tern represent :; the radar ’s view severe since they have no circulation of their  own .
of tOe v’~~r -inn , ’ wind  f ield ui to about 141400 in alti- A knowledge of the characteristics of the environ—
tut - - . Recall tS’n t t h e  plane of the win d i n ; always sental wind f ield combined w i t h  a look at the

i’: ”:. ;; culi r te  t i ,  as r u t t ,  at w: , i  rh ti.’ radar r a i l  il ye]  eel t , - field :: a the ::’-’’ hoi-s , v.1 i’: ’ make
te rn,”: In , ’ - ’r” ,:~-~’t. ’ t r e  0 : 5 1 

‘ - .r:r_ u r  ( t - . f lack the ,ro; 1 -rn, of’ s- v. r ’’ weath er  f ’ar , - , - , t s i i rnn ’  a i t
band ruo:;ing tinroug:. It’.’ r;,’;nj. ‘ruis dir- ’ - ’:. ion .‘‘,:i’r.
in that  P l a n e  can be d e t e f l s i n i e d  by u, : i n l , : the color
scheme to si ff e rent i - it e  mot ion  toward the r adar 6. ACKSOWLEDGEI’S-SiTS
from t u t : o O  aw n-; Dr~ m ta, -  radar acceriLog to the
Fro ’:eiure n ,xp l a i r o d b , -f , o’e .  So , we nec list at The authors ore grateful to the members of
lo w l v ’ - 1: (wi,tl: n about 8 kin range ) the wind in ;  AF~L’~ Weather Radar branch who stayed up all
from tEn- eas t and :outh’ a:t with  va lu es reaching night , th rough the most recent in a series of
about 2”) m sec ’ maximum at around 7 km range St. Patrick’ s Day v n owsto rms , in order to collect
(o r 950 a height). iiig;n’-r up to’- win -i becomes data. Our thanks also go to the people at the
u0 ut : . weute r ly . At tEes’,, levels t h e  w i n i  speed Atmospheric Science Laboratory , Maynard Meteoro—
exceeds the unamb iguous velocity range of the ills— logical Team , who provided the ,.nwinsonde data
play . As befo re , we experience a “ flip—over ” f rom used in this study , and , as a result , were periodi—
red to purrlc and v ice-v - :r sa ,  For example , look— cally out in the snow until about 1 AM. June Que i,~o
ing to the south , we quickly  r - a~,: th rough the did an excellent j ob of n.anuscript preparation and
colors below 50 on the scale ‘ m l  th ”r ;  we see reds , Plo Petrocchi took the color photographs o’~ the
yellow and gray . The gray area represents motion plate.
of about 35 m sec~~ toward t r io  radar , a mid— leve l

decreases again until we run out of eeOc.
- ~ speed maximum froin the SEW. Above t:,i::, the speed 7. REF~~ENCES

Browning, K. A. and R. Wexler, 1968: The determina—
. G’JF~-~ARY AND AF’I’ LIC A T I tion of kinematic properties of a wind field

using Doppler radar. J. Appl . Meteor., I,
If  a Doppler radar is to b-: used during tUe 105—113.

seasons when stratiform—type precipitation is ex—
pected , then a guide to the interpretation of data Jagodnik , A. J., L. B. Novick and K. M. Glower,
acquired over a large range interval is most use— 1975: A weather radar scan converter/color
ful. Obviously, we do not suggest replacing rawin— display. Preprints 16th Radar Meteor. Cont.,
sondes with Doppler radars, but this quick indica— Boston , Amer. l eteor. Soc., 114—2 0.
tion of the flow field is intriguing to work with
in real time , as well as beautiful to behold. Kraus, M. 3. ,  19714: Doppler radar investigation

of flow patterns within thunderstorms. .AFCRL—
A value of contemplating the P21 display of TR—02 90 , Environmental Research Papers,

widespread storms is that it gets one geared to No. 1481, 86 pp. See Section 6, p.37—1i5.
observing apparent velocity shear in situations
where the displayed shear is a result of either: U~ermltte, B. N. and D. Atles, 1961: Precipitation
(1) changes in radar beam viewing angle, or (2) a motion by pulse Doppler. Proc. Ninth Weather
flov field with vertical veer or shear, or both. Radar Conf., Boston, Amcr. Meteor. Soc.,

218—223.
The PPI displays can be readily interpreted by

considering the behavior of the 0 m sec~~’ contour Novick , L. B. and K. M. Glower, 1975: Spectral
to derive information on the wind direction , and mean and variance estimation via pulse pair
the pattern of the other contours to get informa— processing. Preprints 16th Radar Meteor. Conf.,
tion on wind speed. Boston , Amer. Meteor. Soc., 1—5.

The real—time interpretation of these displays
does not enable one to ascertai n all of the infor-
mation that can be obtained from VAD techniques
( i . e . ,  convergence , de formation , particle fall
speeds) . Therefore , it is not possible to draw
conclusions on the homogeneity of the observed
wind fields unless some radical departures from
homogeneity are observed.

Perhaps the final thou~ nt that we would like
to leave with the reader is the hypothesis that
certain characteristics of widespread storms appear
in convective storms displayed on the color P21.
In other words, a certain amount of what appears
to be “horizontal shear” in convective storms can
be explained by considering the Doppler radar view—
1mg angle and the vertical wind shear of the en-
vironment. Parts of the convective pattern repre-
sent se~nents, or portions, of the widespread storm
picture, with much of the convective activity con-
sisting of echoes with the environmental wind just
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A NOTE ON THE COLOR DI SPLAY

The Porcupine Doppler radar was operating at
a pulse repetition frequency of I ~l I pps . The
maximum range we souli see was jo:- . “s ’ t imes
1 us per cell , or 77 km . our display was operating
on a “close—up ” mode since WE’ wi r’- not . ; ‘ ‘ l r - , ’
precipitation out to the maximum rn: ,”- . An “x-
planation of to.- in ~u o n - k n ’ - i  trn ~’ data 5’ no w

EL 02.1 — 2,1~ elevation angleRN 16 — l~ km rang’ marker ;
‘I’076: — 7’ th  day of the year , or’ 1’ March
20 : 32 — ~ : 32  PM , EST

Our maximum unambiguous velocity range wr,i in-
operat ing at 1613 pps is 22 a aec~~’, witS, +

I oil -at ing ,:,otior away from the radar and —

~nhi:a t izn,l motion towards the radar. The threshold
values may to defined in terms of speed according
to the following table:

Velocity Velocity
“hreshold ( unamb iguous ) ( “ flip—over”)

Value in sec’~ in sec ”~

99 + 21.6 — 22. 14
93 + 18.9 — 25.1
85 + 15.14 — 28.6
77 + 11.9 — 32.1
69 + 8. 1n — 35.6
61 + 14.8 — 39.2
53 + 1.3 — 142.7
147 — 1.3 ÷ 142. 7
39 — 14.8 + 39.2
31 — 8.14 + 35.6
23 — 11.9 + 32.1
15 — 15.14 + 28.6
07 — 18.9 + 25.1
01 — 21.6 + 22. 14

The values in this table are valid only for
the unambi guous velocity interval defined by the
choice of 1613 pps for our 5.145 cm Porcupine
Doppler radar .

We have the freedom to choose four different
PRFs: 3914, 7914, 1613, an d 3333 . The choice we
make depends on the current weather in our vicinity.
One must keep in mind that there is the inevitable
trade off of range with unambiguous velocity range;
if we increase the PRF, we can get a greater unam-
biguous velocity range at the expense of maximum
viewing range. Fortunately, the color display
provides us with a certain freedom of choice of
range displayed and origin location. This free-
dom enables us to zero in on points of interest for
maximum real-time viewing value.
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A~ALYSIS CF AN ASYMMETRIC DOPPLER VELOCITY PA’11~ERN

Ralph ,T . Dona~,uson , J r . ,  Rosemary M. Dyer, Michael 1. n~raus ,
and iam~~F. Morrissey

Air Force r)eophysics Laboratory
Hanscom AFB , Massachusetts 01731

1. A PtJLZ ,l~ C PA~N~ERN of the color pat terns .  !‘hximum positive and negative
velocities are sensed by the Doppler radar when its

Fol lowir ;g  the development and installation of antenna beans is pointing downwind and upwind . In a
Puin ’.. Pair  }‘rocn’:;sor (Nov ick and Glover , 1975) horizontally homogeneous wind field , archetypical of

~n J  a color lisolay (Jagodnik et al , 1975) for widespread stratiform storms, we would expect
a n aly s i s  a~ d arn ’sentat ion of Doppler spectral Doppler—sensed velocities to decrease uniformly on
noomenos , we have routinely acquired velocity pat— either side of a maximum , in accordance with the
t’,,ros in all available storms , using the 5.5—cm cosine of the directional change of the beam from
Pen’ s-spine Doppler radar. The usual procedure for the velocity maximum . Curiously , though , Figure D
t a k ir . ’ dat a requires the antenna to scan in azimuth shows a concentration of velocity contours near
it a conr ;t -ar r r . el ’ .-va t ior ,  angle. After  each complete each peak , but each has a long tail trailing clock—
r’..’,atj’,r , tn ” -scntenna elevation is stepped up to wise. The pattern resembles the Yin—Yang symbol of
a new value. The elevation increments are general— Chinese cosmolo~ ’, or, in a less traditional orienta—
ly 1° , commensurate wi th  the antenna half—power tion , two tadpoles chasing one another in a ciréle.
b0amwi ~trn of (1 .9 ° , but often larger increments are

‘1 ,.LO’ie rn elevintion of 10°. The output of the 2. SOLUTION OF THE PUZZLE BY FOURIER ANALYSIS
ju lnn - Pai r  Processor , contain ing information on
r.’fl’- -ti ’,it ,’, -i’ locity mean , and velocity variance No ravinsonde winds were available on August 7,
i n .  ‘ -  - ‘ r ’o- - l  .‘,ion cell , is recorded on tape for 1975 for comparison with the Yin—Yang Doppler velo—
nub.;’ ru ’~,’,t analysis and Is presented in real time city pattern. Consequently, we generated a wind
on tSnC co.or d1~ plar in PPI—form at.  The color field from the recorded velocity data, using the
dlspl ny o f ’  1st-, taken at any elevation angle precipitation as tracers and following the scheme
- taov’, ,° is r, s’, .-trictly speaking, a plan view of for Fourier analysis of harmonics developed by
toe ,tor,,, ,’~ is , instead , a conical surface with Browning and Wexler (1968). Our aim was not only
‘ m , ’ i’nt ‘in. th” rac-~r , slicing across the storm at to derive a vertical profile of average wind , but
hei r ’,; ’:; .1’ I’ined ny range and elevation angle, also to gain some knowledge of the uniformity of the

wind at each height. At the time of this writing,
Th’. summer of 1975 in eastern Massachusetts the harmonic analysis is confined to a quasi—

was notable for its scarcity of severe thunder— cylindrical section through the storm with a radius
storms and for occasional intrusions of widespread, of 8.325 kin around the radar. This section extends
winter—type precipitation . A small coastal north— up to a height of 1.145 kin, using integral values of
‘,aater , a weak cousin of the producers of heavy elevation angle from 10 to 10°.
winter-time snow along the Atlantic seaboard ,
‘rlvited our area briefly during the morning of Browning and Wexler suggested that the Fourier
August 7. Precipitation was light, with an average coefficients of order 0, 1, and 2, which give the
rate of only 0.~ mm/hr, but was sufficient to horizontal wind field properties of divergence, mean
provide detectable tracers of velocity for our wind velocity, and deformation, respectively, may be
Doppler radar. The storm was scanned in 1°—m ere— computed with sufficient accuracy by summations of
ments of elevation angle from 1° to 10°. Doppler velocities at 10° intervals of azimuth.

Accordingly , we sampled the velocities at 36 equally—
A photograph of the velocity pattern at eleva— spaced azimuths amund. the scanning circle, for each

tion 8°, displayed in color, is reproduced as of the eight elevation angles from 2° through 9° .
Figure D of the color plate in the preceding paper At elevations 1° and 10° we could obtain data at
by Kraus and Donaldson. As in the other figures of only 30° azimuth intervals, owing to a data gap at
this plate, the colors represent contours of elevation 100 and several places at 1° where ground
velocity, in accordance with the scale on the right clutter strongly contaminated the precipitation echo.
of the photograph, ranging from +22 mIs away from At these two extremes of the elevation angles we
the radar (red), down through yellows and greens computed only the mean wind vector, because we felt
to black (± 1.3 rn/a) and on to negative velocities, that a 30° azimuth spacing was much too coarse for
toward the radar, represented in succession by meaningful estimates of divergence and deformation.
white , ever—deeper shades of blue, and finally We will not 1ay out the computational details here;
purple indicating velocities up to —22 in/s. The the reader who may be interested in performing
narrow black band separating advancing and receding harmonic analyses of Doppler velocities will find all
velocities not only eliminates the stationary the instructions he needs in the treatise of’ Browning
ground clutter, but also serves as an indicator of and Wexler.
locations where motions within the storm are normal
tc the radar beam. The two range rings are located Estimates of divergence using Doppler velocities
at 16 and 32 ~~, acquired at elevation angles above 0° are contamina-

ted by a small component of precipitation fall speed
The puzzling feature of Figure 1) , and its neigh— moving toward the radar. We did not measure the

hors at nearby elevation angles , is the asynmietry vertical speed of the raindrops , but on the basis of
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