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This is a summary of the work accomplished during the second half
of 1984, Some results from work accomplished in January 1985 are
included.

The main emphasis of the study is to investigate the feasibility
of rain volume estimation using satellite data following a technique
recently developed with radar data, called the Area Time Integral. To
accomplish this task, case studies were selected (during January 1984
-- see Ist Seml-annual Report) on the basis of existing radar and
satellite data sets which match in space and time. The radar and
rapid scan GOES satellite data were collected during the Cooperative
Convective Precipitation Experiment (CCOPE) and North Dakota Cloud
Modification Project (NDCMP),

Four multicell clusters were analyzed in 1984, The small
mesoscale areas of Austin and Houze (1972) or the mesoscale cloud
systems described by Super and Heaimbach (1980) as cells bigger than a
cumulus cloud but smaller than a typical mesoscale convective complex
were considered "clusters." Two clusters were selected on each day,
12 June and 2 July, as illustrated in Table 1, The 12 June clusters
occurred during daytime, while the 2 July clusters during nighttime.

The radar data were on hand at the Institute of Atmospheric
Sciences, South Dakota School of Mines and Technunlogy. Magnetic tapes
of digital satelTite data were acquired by the Department of
Atmospheric Sciences, Colorado State University, from the Bureau of
Reclamation, the University of Wisconsin through the National
Env1ronmenta1 Satellite Data Information Service (NESDIS), and the
GOES data archive at CSU, The satellite data were processed at the
IRIS/DRSES (Interactive Research Imaging System/Direct Readout
Satellite Earth Station) facility located at CSU. The radar data were
processed at SDSM&T. Details concerning data processing were

TABLE 1
Cluster Date Time Period Satellite
No. Identification 1981 (GMT) Data Type
1 1A 12 June 1627-1925 infrared, visible
2 1B 12 June 1716-1925 infrared, visible
3 X1 2 July 0035-0453 infrared
4 X2 2 July 0221-0434 infrared




described in the first semi-annual report. Once the satellite data
were processed into IRIS, the routines for navigation remapping and
smoothing of satellite images were performed. The visible counts were
normalized for solar zenith angle. The GOES satellite infrared data
are calibrated and give count values which can be related to equiva-
lent black body temperatures. The radar data tapes were processed
following procedures similar to those described by Schroeder and
Klazura (1978), Digital printouts of the dBz-values at low-tilt angle
were prepared and converted from radial to a rectangular coordinate

system,

A radar sector of interest was defined to delineate specific

radar echo clusters for each radar time throughout the radar echo
cluster lifetime. The radar sector of interest was used to locate the
convective cluster responsible for the rainfall in the remapped
satellite data. The radar echo clusters within the defined sectors of
interest were identified by drawing a "box" around the cluster for
each radar scan. The coordinate of the "boxes" were entered into a
computer program that calculates the cluster echo areas of > 25 dBz
reflectivity thresholds and the corresponding radar ATI. The rain
volume for each cluster was then computed using an optimized Z-R rela-
tionship (Smith et al., 1975). Next, a satellite sector of interes:
was defined by applying small adjustments to the radar sector using a
manual processing technique. This was done to avoid cloud features
suspected of not being detected by the radar. It was (and it will be)
one of the most delicate and difficult tasks of this investigation
because of the following considerations:

1)

2)

3)

4)

5)

6)

Satellite and radar systems respond to different
characteristics of clouds at different atmospheric
levels. During a cluster lifetime, the geometry of the
cluster as viewed from a low-tilt radar scan and a
satellite picture of the cloud top changes dramatically.

Time differences between satellite and radar data sets
can vary by as much as 10 min during which the evolution
of the convective system continues.

Spacial positioning of the satellite observations
relative to the radar location necessitate error
inclusion due te limited accuracy of geometric
corrections.

Location correction for a cloud as a function of
height above the earth's surface leads to further
uncertainties.

Vertical wind shear advects the top of the clouds
downwind from the location of the radar echn area.
The direction of vertical wind shear is toward the
northeast for the two case days.

Another consideration in definition of the matching

satellite sector of interest involves the inclusion
or exclusion of cirrus spissatus. If the cirrus
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debris appeared to be completely detached horizontally
from the radar echo cluster, the cirrus cloud cover
was excluded from the satellite sector. A multicell
cluster may experience regrowth during its lifetime.
This was the case with cell 1A. On the other hand, if
the radar echo cluster wa+ closely associated with the
cirrus spissatus, cirrus clouds were included in the
satellite sector. Cell 1A, 12 June 1981, exhibited
continual redevelopment on the southern flank,

The cirrus debris makes definition of the end of a cluster (as a
convective entity) from the satellite images difficult. The best way
to avoid such difficulty is to define the maximum development of the
cluster and consider it as the ending time of the ainalysis. The ATI
technique is also valid if only the growing period of the cluster's
lifetime is considered (Doneaud et al., 1984). The time of the maxi-
mum development of the cluster should be determined using both
satellite and radar data. With further research, it is hoped that
only satellite data may be used for this purpose.

The satellite brightness and temperature pixel counts above
defined thresholds within the satellite sector of interest were counted
by computer and converted to area (one pixel = 2,47 km2), Histograms
of area versus brightness counts were produced for each satellite time
step for each data type for the lifetime of the storm. Graphs are
then constructed with the ordinate representing digital counts and the
abscissa being area multipled by time intervals (km2 x hrs). The ;
abscissa represents the satellite ATI equivalent for the whole 1life-
time of the storm. A digital count area matching the radar area
multiplied with the corresponding time interval is also determined.
?uch hist?grams were produced for the four analyzed clusters
Fi g. 1‘6 .

Different radar and satellite quantities for every time step Ffor f
the four clusters are listed in Tables 2-5. The step-by-step evolu-
tion of the echo area multiplied by the time interval and of the
threshold count value reflect the multicell characteristics of the
clusters, yet 3till exhibit similar trends, although there are time
lags between radar and satellite data.

Trends of radar and satellite products (from Tables 2-5) are
displayed in Figs. 7-14, The similarity of the evolution of these
curves, as well as differences and lags hetween radar and satellite
products, are evident.

Figures 7 and 8 display temporal evolution of satellite and radar
characteristic quantities for cluster 1A, Two growing and two
decaying periods are visible in the trends of the radar data empha-
sizing the muiticell character of the cluster. A hint of the first
growing period is present in the satellite data trend primarily
because the clusters initial stage was overlaid by debris from pre-
vious activity. The temporal variation of the radar and satellite



e

e B

*]ly PauWJIBp 31| [33eS 3Y3 4oy juncd [eIL6Lp 3yl sjuasaJdad
3ul| paysep 8y °y[ JA3SN|D Joj sjunod |e3bip ¥I 33L[133eS Yoed JO4 SIN[BA 1y 40 ydeag :1 °614

(HH 2x*WM) ILV
0005 000V 000E 000¢ 0001 0

1 T T T ] T T T LD | T T T T 1 T T T U | T T T T NN.ﬁ

6L1

181
- €81
- &8}
- (B}
//// - 681
///.. 161

€6l

SINNOD 03H-VHANI

1W9 6261-62917 03HVHANI VI 71133 11V -

] 1 1 | i 1 1 L 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 GG




*11V paulwJa3ap 3jL||33es 3y} 40) junod |e3tbip ayl sjuasadadad aul| paysep ayj
*YI J431SN|D JOj Junod [e3Lbip @|qLSLIA 331||330S Yoed JOj San|eA |y 40 ydedy

(HH 2XXWM) T1V

000G 000F 000E 0002 0007 0
T T T T T T T T T T | T T !
I Be=teal e -
o T 1

|
- _ -

_
[ _ -
L .
-

_
- .

J18ISIA VI 1120 11V
1 — 1 1 TR 1 1 L 1 | 1 | [ 1

12 *6iL4

oy ~ o @ @ ~
0 w @ fry T3] w0
SINNOJ 3168ISIA C3ZITVWHON

m
w

¥9

69



auL| paysep au)

11y PaUlWJ333p 33L||23IeS 3yl 4oy unod |e3Lbio 3yl sjuasasdad
gl 421SN|2 JOj S3UN0D |BIL6LP ¥ @3L|(23eS Yded Joy San|eA ]|y 40 ydedg :g *bi4

(HH 2xxWX) L1V
000¥ 000E 000¢ Voot 0

T T T T 1 T T ~1 | T T T T— T 1 LANE | T T T T LLY

- 6L}

- 181

Gel

LB}

SLNNOD 034-VHANI

681

161

E6l
6261-11/1 (03”HVHINI €7 71733 ILV

| 1 L1 1 | 1 1 1 1 | 1 1 i

_
_
_
!
_
_
_
|
|

-

| 1 1 1 1 mm«

sl



"IlY P3UlwJa3ap 33| |33es 3yl 4oy Junod |e361p ay3 sjuasaudas aui| paysep ayy
81 J33ISNLD Jojy Junod e b ip 331 |23eS Yded 4O SAN|EA Jiy JO ydesg :p °*614

(HH 2xxWM) T1V
000G 000v 000€E 000¢ 0007F 0

95

~
g

co
um

(=g
9]
SINNOY 378ISIA 03ZITVWHON

o
w

J1HISIA 81 7130 1LV

T SN N [ (S I S U N U NN SN U GHN SN U GNN U T S [ T TR T Gg

=,



*11V Pp3ulwaalap ?1L{i33es 3yl JOJ unod —muwm
3ui| paysvp 3yl *Ix J433sn|d> JoOJ S3unod me_.m.—ﬂ ¥l 923L1133ES yoea JOJ san|eAa 1y 30 ..._Qm.._w
(HH 2xxWi] TLV
0005 0cor 000E 000¢ 0007 0
L T T T T =T T T T T T T T v 7 T T T T T T T T
S |
_
- _ .
_
| |
_

LW9 20G0-2€E00 O3HVHINI

1

|

1

1

S

1

1

1

1

/
I
|
|
|
|
|
|
l
<
Sl
~l

X 1133

1

|

1LV

1p 2yl Ssjuasasdad

g *by4

66}

10¢

E0C

SINNOJ (03HVHANI

G0e

1 1 1 1 | 1 1 1 1

L0¢

=G



“IlV PaulwJalap 33jL||33es ayy 4oy unod |e3Lbip ayjl sjuasaudal
SULL P3ysep 3yl gy J33ISNLD JOy sIUN0d e3LbLp Y] 33L||93ILS Y23 J4O) SaN|eA [y 4O ydeug :9 °614

(HH 2x%¥WM) ILV

0005 000¥ 000E 000c 0001 0
1 L T =i 3 | T 1 T T 1 mmﬁ

10e

E0C

SINNDJ  O3HVHANI

= G0¢

--—— 1WI9 GEVr0-81¢20
— 1WJ 20G0-B120 (O3HVHANI 2X 1730 1LV

1 1 1 1 ! 1 1 1 | i 1 1 1 | 1 1 1 1 1 1 1 1 U /02

-9-



cem oy 61191
*(IIFTTI98) 14 my 1699y ! (ivpes)

oz<aw

19} smnjop wywy [wI0L

ay ey gz9'y .93 L1V

i8] (122 33 jo wejIw.np [wiol

R
Lesr Ter- et ) s°or o8t T- (13 » reo" st .S 5 LLLs 9”1t sT9Y £9907 oox
T eo - 23 5°6s "u soe Loz- Lot 1 1238 et e 4 £s6sT 96z 109y €900z 9%
v sese Loee- s Lt Tes (3344 otLt - o6t 1 so¢" 061 o'tt L4 Ls9st zost SISy 70002 ocoz
T T0r o°stT- s oot oLs 8 cos oert Ter- (3] 1] for” "t e 8y ssIvt yotr S80Y zoos1 7002
eSSt - »ost " (1114 T o8- s61 £ oot" et v ot Ly Tsoct o9t 7L 00091 96927
(3103 sUeT- s o9t 65 o ofs (143 Tos- set 1] ost” 3. 1 - - - e = — =
Tesit se- et £ 9 €15 soot T )] N} osT” ot ot 133 Ient €901 14134 zogct 586
o°sost sT- LR (3 (]2 stor - ”t 14} o5t eset grot s e6z01 ”"e sz Lzt 1601
(a0 1144 € ve- et L 3 6"yt orst TeE- " »"” stz (113} i ss orye "t seez ozz1l Tt
(R 1 - ToeLt L9 o0 111 TLs- - 1 1 stt T o'zt 9 9618 o6t 050z 0 81
[ 3 §U€e- [ T1 L9 s sror T ee- L 1 1 ost” e 9 11 1{] *929 a1z 0z91 0008 121 ¢1
oS Tse- 6 et 9% o S5y onst - o1 0y osz” oLt (a4 9% 80y (113 sLot 8T8 ozet
8 €08 Love- s 6Lt o°Ls (3214 oTet TeE- ot 0y 007" 121 1ot 9 v0s52Z crot 959 266¢ 951
cen ee- % »oct 1133 - 1 11 oot" (1211 e Ly 1691 66L e (2371 91
o'es Tse- 66t s o' e (134 - 1 14 sto° 53] s o 269 1P 96 2901 2901
[ (3,)  pesvajer  eraitiA (v =) Mnu.l. (3,)  Ppeasijel  eIqIsIA (30) ()| (=) ™ (=1 w=)  (pmy ) (34 ) =) )

i ~dmey oy I rdwey oy omyy | W AP WP “1oa ‘104 v ) IgP SI<  3EP SIc
.h‘ IV § veay awpey smiy SajlIvIvg SuIes 1Wme) Iseme 3N] .3 A3 Sl bt ny
oirraeg poangedaeyng 230 eIV [eIvg mmixey owmy)

sapiereems IRA 1oy saffiereg mrreieg

wieg 231(.23%s S309 vaeg ispey Gveacy
1961 owRp TT VI TID
¢ 118Vl

90"
Lt
114
L1
62"

«*
-
0z
"
s
@
0z*
i
60"

a9
w

11414
ST
[ 11 )4
el
[ 14 ]}
[ 14 )1
e
"KLt
13741
P4¥4
st
oLt
691
Lig )4
(2414

(L)
iy

- M e e~ e

-10-



or<rew

‘mm w790y (U MM (WOl

*(I1T2I98) 2y @ v OLIT f(39pEA) 34 R LTTT 393 LAV
“(crm 67 w9 7) 34 §°Z ¥F (197 3\ O wojIeinp [wIoL

vooLtt - Tt s'Ty (3 113 - 1] 13 reo" 17 ' 43 190y st <1t €69y L LU L
Ly - L el 3] L st - (] " e el L " 5oy L e oy wt w SI6t
s eent T 0" ot (X1 L vot e - (13 1] LT tost e oy 6960 sz 9901 sy 8¢ @ L
s vead - (31 o'es (13} soL T et 1 (18 et L L« uc 1224 266 oty Sts (o et
» eoe o o581 e (] 098 - Tt o oot” (11 1] s°e " 91 o8 906 S09¢ 098 e el
L 5Uee- o v %l seL Ter- [ " ost* 11 - - - - -— -_ - - st
€109 »er- oLt s o est ey Ter- or 1] ost’ sost e 1] wee oL 13) [17% 099 se” T8t
o rar- (a4 TS Lreet $55 - " 2] osT” s 68 (1] 1961 (13 zoy s90Z 6 e 9Lt
9 vor » 9~ “wr (] (N3 oy T ”t 09 st (1734 12t 1] z091 (12 9w 9sst "9 0" swt
69t - Tt 1'ss s iss T oT- " ' sttt oL o1t s 66 1) 91 106 Lss @ Lt
L 3 4 - o L8 11 [ 14 [ 14 TN~ ”i 114 s e ' ] Iz e e 8z oSt 05t 90" sut
[ ,)  pesvayer  eraitiA (R =0 (3g)  pesvajep  eqaysiA (30 (uo) (=) ” (;ot wm)  (;mywm) (34w (=0 (=0 GO (L)
F 3 dmey v x dmey oy P 4 avpey NP “1oa ‘1oa v ) WP ST« WP ST< W iy
w IV X vi3y sepey smyy cajjeIvg esayv) 1me) 1semessng o ujey =) uyny waiy W) w1y
aIeavg peavrodaning seqrnioy o) vexy swpey 217110305 mmyzey omiy
oa - . . 3egedaessy e sr(oIvg

w3ieg 2I1[123%5 SAWD

1961 o®uf 7T @1 TIOD

€ 378Vl

wieg 19pey uUsmAoq

-
-

-11-

‘I-"“"‘h.'o
-



1ot
$°6
e
901
L3
Lt
Yot
$°6
66
63
Lot
T
i
8°or
e
sttt
grot
L
L ) ¢
LARa

i

(=)
W wpwy

R

“rw
2

e 1gL%CT

ramngos Tiwy [wiol

(IF11239%) 34 =y 0681 *(2vpea) Iy ,=q [On'l
iwojivang 19

T
15201 sez o1 9nse £
sLvot oe 0631 (93] [}
sotot vz svat 7Y st
996 st et e rt
1996 i 1841 e 06
ss56 191 1723 4 9 e
e Yot et 0wt wt
0628 (2] et L 9t
12403 L "t ssu (31
el €09 9t Bl 805
e 3] (131} 209 159
9se 09 ont €9 05y
ves e ezt 2o s
9919 9051 901 "y see
(21 6251 ocs (253 atot
3413 (3] B3 wz 965
otz 166 06¢ seat ¥y
sIct (173 234 ore iy
s ”?y s € 1L}
oot 2% " u »
o1 ot 1 f 9

(.my wm) (= wm) (34 =Y) (=0 ;"0
*12a “1oA v wn) WP ST TP ST«
uw, o, an) uywy vaiy =n) waay

o ot ” - e L ”ne o L1 (140 (1]
Tt v~ (8- 1} T L 134 T os- ({1} [ 14} "o
o ssLt Cw- L oLt "t T Tt (110 1144
oLt T [ 1] T wr 76 "I " [ 34,
s osLt oS- L1} o L TTos- (111 "e e
n
[ 2l 113 - L ret T» int oS- (134 s5c” "o
[ 2 s~ L A4 T st T ”*%1 (113 §260
"
" fot ”a- L 1] (M 2} (14 T L 12} oof” sofe
et - 1661 (MR} L1 TS L1} 1140 L1324
(1411 o8- €1t € 1. T - 03 st m"wee
TUesu "% LA 14 oSt ofs Tes- rot 1 (144}
e - 1 1et LA 149 ”s TS ot e sIT0
L}
Ly 69— L et et L3 s ot f0r° "
L 213 rTis- o°Tet L 38 74 ) ” T 65 ror st (141
eTLee - (14 soLen ’”" s rot [11 4 a0
e 55 9°00L L 1414 LS tot sof e
L N 4 88— s ot ror " TLs- ot (114 wee
° - o' fot ° ° Tis- ot Lo oo
g’ﬂ’u- Q) peavaywg .-‘n’- -n’- 0, LAt A st LH (E41) (o)
o *dmey oy % “dwey “y Lad?
v Iy Y vesy swpey ewyy vITIIeINE A yema) 1ssmesse) |
IrrIeIey pervjodaen] seqriny oy desy swpey 31} 'S mmeyrey suyy
sajjepeemy §OIYA ¥ee) e3jrjeies pervjedinrng etjrIeavg _
¥INC SJ111939s SA0D
61 L1er T IXT TID

¥ 378Vl

"
ot

(0
w

sy
s
">
(T4
1440
L
<o

s
o
"o
($24]
1194
1o
e
(320
octe
Sllv
fot0

vieg Jvpey usmacy

il
wes

u
(4
LT
L1
a
"
st
"
(9}
It

Ql—uﬂcvl\.huoo
-

12



.
i}

idamniop ugey [FI0]1

11V

iuoj3eIng 13D T®IOL

T60°
S8T”
02"

061"
SLt”
627"
89z"
€1z”
681"
€81”
szt

(29)
w

€90
£Z%0
Mo
8S€0
Lo
9€€0
9zc0
BOEO
520
€vz0
€20
1220

(L)
smyL

~ ——— L
tmm ay [0L°8
*(RIFTT2398) 2y @y p yyZz*1 ! (3wper) 1y,mx 9¢Z°1
‘8ay zz*z

(31241 Tes- 0°g0Z [} 0 TLs- 02 050° $E90 '8 9t Toc8 z 9Tt 9119 2
(2141 Tes- 6°z0z 6t oz TLs- z0z o (142 0°6 1y 669y 8s 9T 79 67
[ RR {141 0°es- 8°T0T T oy L TLs- 1414 "we' 810 011 1y 98 8Lz L $909 1z

n s$'8 "y £9cs 862 EBTT s$8S 9y
L3R {14} [ 0 13 900t 95 TS ot (113 "weo 8 ot 9y 908 0t9 (1981 809¢ 019
L* 0001 r 65— [ 8 114 69L z°09- soz T1€€° SE€0 6701 149 113474 vis L10% 866Y 69¢L

n 9zt s 1299 ot10T 88 (Y44 ] 6L
L TLs- [ { 14 LTosT 6L T Lot 00€" 8060 gzt s 1198 991 T0L LEYE 69L
§°S1S ’9s- T'10z € 007 068 T'09- s0T 114 t520 (Al 119 SLEC 0991 [13] 8992 96
T°sTE Tss- 0°00Z €Lt soL TLs- 07 ost” "o T A4 ¢ €S ST1EZ S16 182 7691 SzZL
[ 119 9 5~ P 66T 8°Ls ros TiLs- £4{ 14 rer* 6120 L6 €S 0091 kA 74 (134 196 80S
o 0°s§- T LEY T 65— (114 v60° s1z0 ¢ T1 zs §89 889 15 6<y 65y
(29 =) Q,) peaviju] (3y =) ,) pexuijuy (39) (o) (=) M (o mm) (o) (34 ) (=) (=)

v *dwey LELAD ¢ *dwoy "y empy | IH Iwpwy z “1oA “T0A 1y =n) IGP ST< @R ST<
v 91y X sexy iwpey ewmyL eIFIIO3IW vaywp jwmo) Jusmedu] cs UTeR =0 i SXY =D ROV
peivtodieiny seyaiey 11T (0195 wmmyTey omyy
t) wn U sijpyeivg

®Iwq IF[[23I¥S S3A0D

®IvQ 1epwy uwmaog

1861 L1987 T XTI

S 318vl

-~
- -

\'nﬂﬂﬂw\o'\ﬂﬁo
-

-13-



"UTWE INNOD "XW HI 40 W3l 8 (3-) V3WY "H ONIHOLYW o3l HI

(3-)

Y1 J493sSNn|d 4O} JuawaJddul
3wl y3itm paldijnu eaJe Jeped paje|odsajul 3yl bulydjew ¢(J,) 3n|eA Junod 33L|L3Jes JO pue

(Do) @NLeA JUNOD 33L||378S WNWiXew JO “(,WwY) eaJe OYdd Jeped jJO UOLIN|OA2 |eJodwd] :f °*biy
(SHH 1070 X) 3W1L IW9
0002 006% 008} 00L} 0097
0t T T o = | g | T G
4 4
>
02 - . ¥ S
»x e A T m”
3 : -~ iy 2
\, o - &ﬂ/ ~ 000i &
= \ : .\\ -~ ; vd >
O€ \ A% N - : &
, .. PN A -
2 - n
\ D i A, o
T \ TN S 1o
/«/ o /\ - 0002
- Y ) e =3
ey 1 =
05 |- T~ o
ny
r - e b
1861 annr 21 1 # 1139 T
09 4 1 — ! . ! : - o00€

L=



‘Y1 J231sn|2 Joy
JUBWAJOUL WL} YILM pat|diilnu eade Jeped pajejoduajul ay3 Burysjew ¢(5,) @nfeA 3Junod 33i||23es
40 pue (zgp) Jo3oey A3LAL3I9|J9J wnwixew Jo “jybiay Oyod wnuixew 4O uOLIN|OAS |eJodwd) :g *bid

(SHH 1070 X) 3WIL IW9 =
0002 noG6} 0081 00L1 009%F -
1) —T T L T T T T 8

o
o

L
o
(W) LHIISH OHI3

-1 01

o
m
|

=

2
=
|

R
-1 ¢t
-

2
)
1

=R4
1861 INNC 21 1 # 1140 3

1 ] i 1 1 | 1 Gl

(3-) V3HY HVOVH 9NIHOLYW 3HNLYH3dW3L O03H-VHINI

o
o

|l
|
=
(280 G X) HOLOV4 ALTAILIINZ3H "XW 3§

15



characteristic variables for cluster 1B is presented in Figs. 9 and
10, The radar echo area, the IR maximum counts, and the IR counts
matching radar echo areas evolve similarly (Fig. 9), except for the
decaying phase of the cluster where the cirrus debris keeps the IR
counts high., The maximum echo height and the maximum reflectivity
trends (Fig. 10) are opposite to the IR count matching radar area.
Radar trends imply that a weak secondary peak is co-located with *he
peak in the IR count trend. Again these differences have to be
attributed to the multicell nature of cluster 1B, The temporal
evolution of the radar and sateliite data for cluster X1 are dis-
played in Figs. 11 and 12, The trends are similar except for the
initial stage of the cluster. Remnants of previous activity preclude
initial observations. The cluster X2 (Figs. 13 and 14) demonstrates
a growing and a decaying period. Its multicell character is self
evident as the growth and decey of individual cells are indicated.
Time lags of maximum development hetween radar and satellite
variables is also evident.

The principal goal of this investigation is to compute convective
rain volumes over stationary or floating target areas by considering
independent satellite data. As such, the key element is to determine
KTI from satellite data without using radar returns (as was done
here). A satellite quantity defin.ng the most appropriate digital
count matching the radar ATI for a given cluster needs to be found.
For instance, curves correlating satellite digital count threshoids
(matching radar ATI's) and satellite IR maximum count values (°C) or
satellite IR maximum count values (°C) averaged over the duration of
the cell (or only its growing period) have to be identified. Such
quantities for the four clusters analyzed are listed in Table 6, It
is evident that the digital counts matching the radar ATI's are a
function of cluster characteristics. Similarities between evolution
of satellite counts matching radar ATI values and satellite IR maximum
count values do exist; though cell 1A (which was not entirely recorded
in the radar screen) seems to be an outlier, Certainly only four
clusters are far from being sufficient for a correlative analysis.
Work is continuing. Some other 5-6 clusters are scheduled to be
processed and analyzed in 1985,

* % k * k k Kk k k *

An extended abstract of the project's progress has been published
in "Global Scal= Atmcspheric Processes Research Program Review" held
at the NASA Gocacrd Space Flight Center, Greenbelt, Maryland,

August 8-10, 1984, pp. 203-209,

A manuscript entitled "Convective Rain Rates and Their Evolution
During Storms in a Semi-Arid Climate" coauthored by A. A. Doneaud,
S. Ionescu=-Niscov, and J. R, Miller, Jr., has been published in the
August issue of the Mon. Wea. Rev., 112, 8, 1602-1612,
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A paper entitled "An Attempt to Extend the ATI Technique to
Estimate Convective Rain Volumes Using Satellite Data" coauthored by
A. A, Doneaud, J. R. Miller, Jr., L. R, Johnson (SDSM&T), and
T. H. Vonder Haar and P, Laybe (CSU) was presented in a poster
session and included in the preprint volume of the 22nd Conference
on Radar Meteorology, 10-13 September 1984, Zurich, Switzerland
(Attachment 1),

Statemenrts are included in the last papers acknowledging NASA's
support of the research grant. A list of consulted bibliographic
references is included in the manuscripts published.
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