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1. INT~~ DUcTION ‘4 ir t.n~~ shower which he could ~~~~ . ~~~~ samplir,’j

~~~~~ 

pae~ was nade at 2.9 km . and the top wus estimated

~~~~ On a number of occasions radar te ni 4.8 km. Location of the cloud was approx-
reflectivIty values in excess of +40 dBZ have Ufla~ 1 / 0’~2 ’’1 , 167 27’ : : .
been ob~eried in warm showers i: the vl .;,nlty of
the Kwajalein Atoll in the Marshall Islands. A 4. kAUAtt L)ATA
warm shower was sampled almost simultaneously by
the ALCOR radar and by a Learjet 36 instrumented Figure 1 shows tb. is al time dBZ
for cloud physics research. ALCOR and the Lear va1 u’~~; Versus tin ~ starting at 3 hours 25 minutes
36 were operating in the link—offset mode (Barnes , w h i l e  ej~iratnv; in the link offset mode . The
et al , 1974> and obtain radar Z values , drop sise maximum one-second average value was +40 dBZ
distribution and aircraft measured Z values. ebta1r ~~d at 03:27:51. Range to the data gate was

.er~. x m r n . i t . • l y  4 . 5  km. PPI and RHI olor displays
2. INSTRUMENTATION t~~k it th is hours r A o r  t o  the samplino run showed

warts ;h sw. r w i t h  value s in excess 5) +40 dBZ
ALCOR is a 5 cm CHIRP radar (Metcalf , wi this, 200 km of ALCOR.

et al , 1975) located on Roi-Namnur I s land in th~. __________ __________ __________ __________

Xwaj alein  Atoll,  It  has a beamwidth of 1/3° and
radiates 4M Wat ts .  When operating in the l ink
of f set mode the PRF is 200 , the equivalent pulse
length is approximately 40 meters, and the data
from the tr acking gate are availab le in real +40
time and as records on magnetic tape. An inte-
grator and color display designed and built for
AFGL (Jagodnik , et al , 1975) were adapted to
ALCOR to provide color displays of dBZ values ~f3C
for PPI and RHI scans. The link offset mode can-
not be operated simultaneously with the color
display.

+ 2 0 — —  — _ _ _ _ _

The Lear 36 is equipped with both
l-D and 2-D instrumentation (Knollenberg , 1976)
from Particle Measuring Systems (PMS) , tempera-
ture and dewpoint instruments , a formvar repli- +10 — — — ________

cator, an on—board computer and digital recorders.
A C-band beacon aboard the Lear is tracked with
an MPS—36 tracking radar. The ALCOR data—gate DB?
is then slaved 3 km ahead of the Lear so that c — ________

the Lear samples the same volume app roximately 
— — _________

30 seconds after the volume is sampled by ALCOR.

3. .~ CLOUD DESCRI PTION —to
There were no major  systems in the

area. High thin cirrus clouds were barely
visible from the ground , and the Lear obtained
PMS particle counts from 11.9 km to the Lear —20 — ______

sampling ceiling of 13.8 km. Very thin cirrus
was visible above this. The tropopause was at
16.5 km. Cumulus cloud s topped out below 4.8
km with an occasional top to S.~ km. The freez- -30
ing leve l was a t 5.0 km. 

__________

0325 0326 03v 0328 03
The on-board me teoroYogist , Pr. Ray Figure 1. kaJar slata versus time showing rain

Bookci h Aerome t , .h:r s~~~e I  the Lear into the most shaf t in wart~ cumulus at 03:27:51.

374

~~~~~~ni~i’~~ ~~~~r-~ i~~~~r j ~~~~ p~~ T —
~~



5. AIRCI ~AFT DATA ‘~~~ : i , ’ 1s r , thn Pr : j~ , Probe. run t r ibution of
1;  7 , 8 and 9 ‘ .hnw the i nfl U,’rs :e of the

nh. ~— D PMS diita we re  . alyz’ u un~~l,d dlut.rlbu( ni
give ~~~ -.i;~. . i i : t r  ibution , liquid wat er  . i n i
( LWC ) v i i  ne. an d the d~~ va lu, - , u . n  t Ia’ 1. T’ a r~ w i - . ver y i t i e  turbulence
necuflW, t , . e ~ , t , ,  th  maximum radar dhZ Va lue - ;. ,!Ta ’O UTite red On ( h i ’ ;  (lay as ‘ h’ Loar penetrated a
Figure 2 v hnw- , ti; ’ norma l i ;~. -l  ;ir;~- si z, 11 . 1 r h~i— ,ulrib-r of cujnuius ,u’ln . Till ; in. typical of
tWO oLia nile t r um ii.,- 2—I) P r - - , ;nn ( t i  .n r I .  . , i a ll  r- unnul u -. ; ’  i I .  i. t .ps below 10 km
The u!;i’ ar. nunth_’r ,ii i - i . ’ : ,  p.r - ;n,ie n u n - i  ,,n :1, we n . y .  . iinq. l. - I  in ,  h’ tw a d Inn r a m a
per inns bandwidth. Th.- b : y ; , i a  1 -Ii ,t r i P  ~ ,,‘ W i ’  8 ‘ ‘ l i - n - i l  i n  ia’ .ivy I n r b ; l . - n , han, I n’ ’uur ,t . r’ .i
a secondary Ieak ,‘t -* .; 1 . I mis and 1.. . mrs ‘ ; . - , -  1 ii .nn,uln . i n ;  nlnu’l’ . with radar tops ~n - t w i - . - n
to be real. rh : h,nnp cutof f  in -.tz - a l .i. I nun 16 and 20 km.

real n; i~ nn’ par t  ‘‘1. ’ as ha~ q.’ i an,
been de t , -~~ I nn  - t i n flights . 

~~. DISCUSSION

x The Lear penetrated a rain shaft for
approximately 1.5 secondS or 130 meters obtaining2 r ..5 gm/m i and +43 dBZ while sampling a volume of

8000 0.2  m 3 with the 2-0 instruments. The same rain
sh af t was samp led by ALCOR but the sample volume
was l.6xl05m~ , almost six orders of magnitude

E larger. Considering the difference in sampling
volume s , the agreement of the essentially point

~ 6000 values obtained by the radar , +40 d~Z, and the
,,ircraft , +43 dBZ , is considered very good.

E Using LWC values from the Lear 1—0
.L’ ,n and Z values from ALCOR we had previously

~ 4000 ‘ 
— ubtained M = 0.045Z 0 547 for showers on this day.

— However , due to an error , all 1— 0 LWC values in
excess of 1 gnn/m 3 had been deleted thereby elimi—

—, ...___f .1 nating data taken as the Lear penetrated this rain

ZOOC . shaft. Substituting the ALCOR value of +40 dBZ
the 1-0 derived equation gives a LWC of 6.~ gnu/rn

• w~,1ch compares extremely well with 6.5 g/m

o obtained from the Lear 2—D data.

I 
— 

9 13 17 ~~ 
7. CONCLUSIONS

RAINDROP DIAMETER IN mm The Z-M relationship derived from
LWC values less than 1 gm/rn 3 and from dBZ values

Figure 2. Drop size distribution from the 2—D b ;’; than +25 in warm showers on one particular
Precn,p Probe taken in rain shaft. 

dii ’ showed very good agreement when extrapolated
to nigher dBZ values and larger LWC values.

~urbulence in tropical showers was noted to be
LWC values computed from the 2—D considerably less than in mi d—latitude showers.

data showed 4.7 gin/rn3 for the Cloud Probe and 6.4
gm/rn3 for the Precipitation Probe . Since there is
an overlap in size range of these two inst~ ume nts REFERENCES
the actual LWC was computed to be 6.5 gm/rn

Using the 2—D data we calculated dBz Barnes, A. A., L. D. Nelson, and J. I. Metcalf,
values for both the Cloud Probe and the Precipi- 1974: Weather documentation at Kwajalein
tation Probe for a total value of 43 dBZ. Table Missile Range. 6th Conf. Aerosp. & Aeronaut.
1 shows the calculated S and dBZ values for the Meteor., Amer. Meteor. Soc. 66-69; AFCRL—TR—

74—0430, Air Force Cambridge Research Labo—
ratories.

Table 1. Z and dBZ values calculated from 2—0
Precip Probe data. Jagodnik , A. J., L. R. Novak , and IC. N. Glover,

Channel Size (mm ) S 1975: A weather radar scan converter/color
display. 16th Radar Meteorology Conf., Ainer.

1 .1— .3 l.O2x1O~~ —10 Meteor. Soc. 14—20.
2 .3- .5 2.99 5 Knollenberg, R. G., 1976: Three new instruments
3 .5— .7 2.97x10

1 15 for cloud physics measurements: the 2—0
4 .7- .9 l.24 x102 21 spectrometer , the forward scattering spectro—
5 .9-1.1 3.64x102 26 meter, and the active scattering spectrometer.
6 1.1-1.2 1.36x103 31 Inter. Cloud Physics Conf., Amer. Meteor. Soc.,
7 1.3—1 .5 4.04xl03 36 in press.
8 1.5—1.7 5.04xl03 37
9 1.7-1.9 4.95x103 Metcalf, J. I., A. A. Barnes, and L. D. Nelson,
10 1 9—2 1 1 16xl03 31 1975: Water content and reflectivity measure-

ment by CHIRP radar. 16th Radar Meteorology
Total l.71xl04 42 Conf., Amer. Meteor. Soc. 492—495.

375

-— — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4 C



- -~ ‘~~~~ .
~“

_
~~~ .‘~~~~I

_
~~~5 —. ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ‘ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 

~~~~~~~~~~~~~~ ~~. r _ s..- ’~~ ’~~

$ecuns) C la~ %I fICatIon

DOCUMENT CONTRGC. DATA - R&D
‘ , n ; .  ‘ ,ts , I,,~~m , ’,,am , ’a - u :,:!, I ’ m  , , t  uh ’t ,a . I inn! ‘u t, , , , ; ,  ‘ i i i  ~~~~~~ 

. , , u .- n /  ,,#m,-s (b, - . o ’ ’ ’ , f /  ‘ ‘ i - - , ,  ,,
C’RI~~INATiNC, £ ‘ t n n . I T  Y I ~~~~~~~~ .5.111.’ ’ ’  

— — 
i s I ( (  i ’ ( ,~ -.r - r ‘ i. ~ y I I A ’ .’.ml  1 A t ,

\u’ I t’”~
’
~~’ 

(~ m . n pII\~~i ’ s  ~‘4 I V l l i ’ I \  IL\  (~~? I ii.
f(.~ ti~~~

-
~ ’ni \ I -  U 7~.. ORO~~P

- \L.,~ - Ild’-i ’ t t - -. 01731

c~ 
,~ O R1 T I 1 L~~~~ 

~~~~~ 
~ L!’~~~ ~~~~~

4 P E’C . 4 IPT I V E  NO T - ro f ~ -~..’r. lrn-le,~,,~ Jw

_ _   
- -~~ - —

- \~ . l I ’ l n l  \../I . l1  iit ~~—~, l u ~
1. n ’ u ~~1 r (I  y,/J )t’l~~:u Iu

It m ‘~ ~ 4’. r :i d

~~~~~~~~~~~~~~~~~~~~~~~ ,‘-,i~’)— ~~~. T O T A L  NO r m . a i ’J i ~ m.c~ s~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
—

~~I)~~~~~~~~~~~~~~ h~ (-~~~ fi 
~ ~~~~~~~~~~~~1~~-76~~~~~!T~7

~. P R O J E C T . T A S K .  wo Rk uu’I I’r NOS. (32 7.\.0004 — ‘ ‘ - -  “
~~~~~~~~~~

‘

~ . ~~~ ELEMENT 63311 f ’ eb. OTNER
d

RIr0RT ~yS) (1n~ ether namber~ Usag ,na~ be

d. 000 SIJBILENEN T 

~~~~~~ 
~~~~~~~~~~~~~~~~

tO 0151 RIBUTION STATEMENT

\.p p r t :uve ’- l t op  puh~1ic e l ea i - e ;  ( l i st  t ’j l )Ut IOl l  u n l im i t e d ,

m u , SUPPLEME NTARY NOTES t2. SPONSORIN G M I L IT A RY  A C T I V IT Y  -
~~~

______________

- . . :\ 1 1’ l” rc t -’ ( q)jJ hv _ i j c’ 5 E .ahOl ’at f l t ’ ’. ( E . \  ( ‘ )
ReprInted f r o m  P re p n  nt \ ol ume  , -

-. ‘ . Elanscorn U 131 th ( nf l  on R a ( la  1’ \~ I - teorc ) l  n g-v
-I ‘ I ( - . . : \ lassac ’ liu set t i ~ 017 .3 1( ) r t _ 6  — 2 .~. 1.) a6 . Sea tt le , V~ a sh ln gt ( Il

13 . A B S T R A C T

Warm rain sho’;v ( ’r s  ~v i t h  i i n p ~ 1) 010w the  f r e e z i n g  level were  iampled
si m u l t a ne o u s ly  by radar  and al PC’ I’:I U ( pu ’r a t i f l g  in t h e  l i n k  of fset  rnodu ’, l E i g h
m a g n i t ude  radar  r eturn i -  we r t ’  ass c j at ed  w ith  rain shaf t s in the showers .
T u r b u l e n c e  was e i th e r  n o n — c x i s  e r l t  or very l igh t , and t h e  drop sizes obta ined
b’s’ t he ;~i r c r a f t  showed a l)j f l lOthl ’l d i s tr i bu t i on .  These data \V ert ’  obta ined n e ar
N .‘.‘ ; t j a l e i n , in the  U ar sha l l  I slands u s in g  ;: 4 \l Watt , 5 cm radar  and :~irc  r a f t
equ ipped  ‘.‘. i th  hvdro tne teor  s iz ing and counting i nst runn -n t a t ion .

IMC~W!!_z’
b c  ~~
U~*NNOUNCE~ 0
JI~T1FICATI 1~ 

.._ .
~

KEY WORDS : Cloud phy s ic s , Ai re r aR  sampl ing ,  I)rop  size d i s t r i bu t  i on .
Radar  r e f l  ect iv ity ,  ‘I’ rup ical sliowe rs , Warm shower s ‘LITT COQ~

Ulst~~ AIi*ILI C(

DD , 
~~~ 

1473 

~4~2 9~5’Z9” ~, l tIl l a S~ I -—— —

L - - 
-~~--—~~ -~~~ ---- -- --‘--~~~~~- — 

,


