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ABSTRACT 

The obj ective o f  this study is to use GOES visible and 

infrared radiance data to determine cloud characteristics, 

including cloud population, albedo, cloud-top temperature and 

height, as well as the changes o f  cloud parameters with time. 

Verification of the satellite-derived results is achieved by 

comparison with corresponding raingage network measurements 

and radar observations. Four cases have been chosen during 

the 1 9 77 Texas HIPLEX field season. 

In the first portion of this study, visible radiance data 

are used to determine cloud populations, percent cloud cover 

and cloud albedos, with cloud-top temperatures computed from 

the infrared data. 

The second portion compares the results derived from 

satellite data with raingage and radar data. Precipitation 

analyses indicate that two case study days had heavy rain, 

but the others had little or none. Synoptic, subsynoptic, 

and small-scale features were investigated to determine the 

mechanisms of precipitation; on 22 June a squall line, a sub

synoptic feature , and on 8 July a cold front, a synoptic 

feature, triggered the development of a line of convective 

clouds which produced the observed precipitation. 
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CHAPTER 1 

INTRODUCT ION 

The obj ective of thi s study i s  to employ Geo stat ion

ary Operational Environmental Satell ite (GOES ) visible 

and infr ared radiance data to determine cloud character-

istic s , includ ing cloud population , albedo , cloud top 

temperature and he ight , as wel l  as the changes of cloud 

parameters with time . Verif ic at ion of the satellite

der ived results ha s been achieved by compar ing with the 

corresponding raingage network measurement and obser

vat ions by radar . 

1 . 1  His torical Background 

The succes sful launch of TIROS I and subsequent 

meteo ro logical satel lite s  has made it po s s ible to monitor 

we ather cond ition s from space on a regul ar ba s i s  over 

mo st of the world . The Synchronous Meteoro logical 

Sate l lite ( SMS ) system was des igned and built by the 

Nat ional Aeronautic s and Space Administration (NASA) to 

be operated by the National Environmental Satell ite 

Service ( NESS ) .  The fir st of  the se s atel l ites ( SMS-1 ) 

was launched from the Kennedy Space Center in May 1 9 7 4  

and the second ( SMS - 2 ) in February 1 9 75 . In October 1 9 75 , 

NOAA launched GOES-1 , the first operational geo stat ionary 

1 
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satell ite , into an orbit , 35,783 km above the equator at 

55°W longitude . The se �a;lt�·.f'l.:AJI:t§S were re-named GOES WEST 

and GOES EAST when SMSV:@I�§.eGl'!JJ�>y�g:j. to its present locat ion 

at 135°W as the wes tern operational satell ite in Dec ember 
- .� 1 0 .i. :..:t- £1j· 2. o:-3D "'yolcrrrrs ().:j· 2-l -.:{E;.uj· �?: 2 . . f� ():J" ·:t c-:: �.J-;·�' i j :J�::· r��:f.c; sri':.' 1975 and GOES�l was moved to 75 W to replace SMS-1 a s  the 

e������·�r 
o�����io�!l[ ;�f�f1I ��'1i�n����CTI 9�Gn':(�'l��re l�'f') . 

-�s��s�sd� buol� srrlm�s�sb oj s3sb s8rr£lbs� be�s�ini bnE 
On-board equipment con s i sts of a V i s ible and Infrared 

oc)j· .f.)Jj ::).I::.'.! � ,:;_t)scr ..IJ-3 � .C1.() . .L J sl.rjCJ .-:)c� .::;.rJo .I?:) r�r1i .blJ l �')r1J.� ., �:-� �)l :i E? ,.t 
Spin-Scan Radiometer (VISSR)  I a Space Environment Monitor 
buol8 �o 2soasrl2 sdj as llsw as ,jrl?lsd bns s�ujs�s�n8j 
(SEM ) , a Data Collection Sys tem ( DCS ) and a weather 

-sjl1fsjs2 srlj �o noljsol1L�sv .sml3 rljlw a�sjarr���q 
facs imile broadcast system ( Di smachek , 1975). Both GOES 
:::� :i :r r{ .�7 .L. YJ �? 11 i ::c £5 c2 jTI c) �) -�{ ci fJ �' � ;· �.: .t ::i �) r;_� r: 9 !2, c{ �� J� r{ c:: j· l. _r .r ;� :�3 -.�c .:.:. ��-. --.r __;: :r �3 t� 
satell ite s provide visib le and infrared imagery of  the 

''"' .. :J. s 2 ci ;:J .b rr 6 �:t .o: ::..�JJrs -;: Jj 2. £1 s m ::{ ::r: ·J\.;,.7 .:;- :3 n :::i r·· Is-�� £1 L .s :r f; r::: c;q (� �·.:: 'T :;·. ·:; :-i 
entire earth disk each hal f  hour: on�the hour and hal f  

.�sbs� Vd ancl�sv 
hour from GOES EAST and every 15 minute s and 45 minutes 

after the hour from GOES WEST . 
brruo�o�858 lsol�o�alH S.l 

NES S  has establ i shed fac ilities to bui ld , maintain 
�rrsuosadva bns I 20HIT ±o rl�nusi iulass80U2 srlT 

and operate the ground s tations required to calibrate , 
�o�lncm oj sidisaoa jl shsm asrl as�llla�sa ls�lpolo��sjsm 

acquire and proce s s  the data obtained by meteorologic al 
�svc atasd �slugs� s n o  sosq2 20�1 aaoi�Lbno� �srl5ssw 

sate ll ites in support o f  the applications work . The 
.[ s � l o c l o�os jsM auono�dorrv2 srlT .bi�6w sdj 1o jeom 

Direct Readout Ground Station- ( DRG S )  for the GOES has , 
9 ci.'i \l d .::.t J 1� .lJCi .btLE bs n \.) l. 8 �:J b 2.6 \rl rrrs :J 8 '\:"'2 ( 2J�i��) �' .:rll.. J �:: ::t .rs;:: 

fo r the first time , produced data which i s  adequate in 
oj ( .h.Gf.ii/1 ) r:ol.:t 15 ".I.�J el. fl_tr.-: .. b.:�, �:-� ::>�c::r 2 b.c:E �:! 8 j_j tJ£ f10 .. J:S.P·� l�J::.J.:ovt :Jr::;r�� 
space , time , and spectral scales for detailed applic ation 

sjllls�s8 lsjnsmrro�lvn3 IsnoljsV sdj yd bsjs�sqo s� 
to the solution o f  mes oscale problems . 

(1-8M2) esjlllsjsa sesrl3 1o ja�l1 srl� . (22SM) so1v�s2 
Every hal f  hour , the telemetry of the GOES instru-

��ei vsM nl �sjns� sosa2 vbsnns� srlj mo�1 bsrlonusl a£w 
ment s provides digital Visible and Infrared Spin-Scan 

'c \��d·r6g�E�� 1(�Iss�f e �a��sg6���s�6nJi;�M�b 1Grr::�a��h ai�k 
v�� r ����j��q� !snol�s�sao Je�l} a�� ,l-230� bsrt�nusl AAOV 

� �t�i5f����a 1nfr ared image� . �h� visible full -earth d i sk 

• 
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Figure 1-l Location and approximate operational coverage of the two 
satellite data sources. 
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consi sts o f  1 4 , 4 0 0  scan l ines with 15 , 2 8 8  pixe l s  each ; and 

the infr ared ful l -earth disk consi st s  o f  1 8 0 0  scan l ines 

with 1, 911 pixe l s  each (Webb , 1 9 75 ) . The raw d igital 

VISSR data tapes used in thi s study have been obtained 

from the Department of  Atmospheric Sc ienc e at Co lorado 

State University ( CSU ) and have the general format of  one 

record o f  infrared data fol lowed by eight record s  of  

vis ible dat a .  

The raw data tapes o f  intermingled visible and infra

red radiances were first proce s sed to separate the vis ible 

from infrared data in time sequence before analysis  of  the 

mea surement s was performed . In order to identify the 

cloud cover region , a critic al value o f  br ightne s s  to 

distinguish cloud from non-cloud background was determined 

us ing the ADVISAR (All Digital Video Imaging System for 

Atmospheric Research) at. the Department o f  Atmospher ic 

Sc ienc e , c su. Thi s system is an interactive d igital 

imaging di splay device produc ing black and white or color 

image s of any digital type information in a range from 

0- 255 counts ( Reynolds and Morri s , 1 9 7 8 ) . 

The target area o f  this study was a 3 15 x 3 15 km area, 

corresponding to array s i zes of 2 1 6  x 2 1 6  po ints for 

vis ible data and 5 4  x 27 po int s for infrared data . Both 

vis ible and infrared data sets were centered at Big Spring , 

Texas . The actual s i z e  o f  a s ingle v i s ible data po int in 

thi s  study area wa s 1 . 4 6 by 1 . 4 6 km, whi le an infrared 
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data point covered an area equivalent to a 4 by 8 array of 

visible data point s , or a 5 . 8 4 by 11.68  km area . 

Because of  the location of  the GOES WES T  satellite 

we st of the target area in thi s study , the data were not 

in a true north- south direc t ion but wer e inc l ined at an 

angle of 11 . 3° c lockwise from north , as shown in Figure 

1-2 . Al l avai l able s atell ite imagery photographs have 

been col lec ted for the period from 1 June to 15  July 1 9 7 7 , 

the operational per iod of  the Texas HIPLEX field program . 

Four days , 2 2 , 2 4  and 27 June and 8 July 1 9 7 7  were cho sen 

for thi s  s tudy bec ause o f  the availabil ity of the following 

data sources : visible and infrared images and digital 

radiance data , rawinsonde data , raingag� network measure

ment s and radar observat ions . Within the se four days , 

there were 4 4  sets of  vis ible and in frared data availab le 

for the c loud properties study . 

The raingage network , located from 1 0 0 . 4  to 1 01 . 8 °W 

longi tude and 3 2 . 0  to 3 2 . 9°N lat itude , was inc luded within 

the target area , and cons isted of fifty-nine record ing 

r aingage stations . The raingage network measurements were 

obtained for every 15 -minute interval from 0 0 0 0  GMT to 

2 3 5 9  GMT daily ( e . g .  9 6  sets o f  mea surements per day ) . 

The Nat ional Weather Service WSR- 5 7  radar observation 

record s  from Midl and were available nearly every 10 minute s 

and digital radar ref lectivitie s from a M- 3 3  radar operated 

by Heteorology Research ,  Incorporated , (HRI ) at Snyder have 
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F igure 1-2  The area of  s tudy . The sector at the c enter 
i s  the Texas H IPLEX study region . .  The small 
rectanale i s  the raingage network . 
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been obtained . A computer program has been deve loped to 

display the dig ital data in both PP I and RHI presentat ions. 

1 . 2 .  Survey of  Literature 

In the late 1 9 4 0 ' s  the first photographs from outer 

space of the earth and its  cloud patterns were taken from 

research rocket s  fired at White Sand s , New Mexico (Widger , 

1 9 6 6 ) . The area viewed was limited to a rad ius of  about 

5 0 0  miles from the launch s ite . 

The launche s o f  the T I ROS (1 9 6 0- 1 9 6 5 ) , ESSA ( 1 9 6 6 -

1 9 6 9 ) , Nimbus (1 9 6 4 - 1 9 7 5 ) and NOAA (1 9 7 0 - 1 9 7 6 )  series o f  

satell ites have made avai lable c loud cover photographs o f  

the whole earth . In add ition , improved vis ible and infra

red rad iance data have become availab le from s atell ites 

for atmo spher ic study . In recent year s there has been 

muc h  more attent ion given to the que stion of remote 

sensing techniques in order to mea sure atmospheric proper

ties such as the temperature variation with he ight (Smith , 

1 9 6 9 ) , cloud albedo (Gruber , 1 9 7 3; Mo sher , 1 9 7 4; Park , 

1 9 7 4; Charney , et al . ,  1 97 7 ) , re flected rad ianc e measure

ment (Vender Haar , 1 9 7 0 ) , and estimated rainfall from 

sate l lite imagery (Sco field , et al . , 1 9 7 7 ) . 

Gruber (1 9 7 3 )  pointed out that a var iety of satellite 

mea surement s of  the albedo and outgoing long-wave radiat ion 

from the earth-atmosphere system exi s t .  Dif ferenc es in 

results obtained from different satell ites and in different 
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years a s  we l l  as differences in results between inve stiga-

tor s us ing the same satell ite data have been discussed . 

Reyno ld s and Vonder Haar ( 1 97 7 ) deve loped·a technique 

cal led the "bispectral method" which determined c loud 

heights and amount s  through the use of  s imultaneous infra

red and vis ible satellite radianc e data from the NOAA 

satel l i·te s to determine the cloud height by compar ing 

cloud top temperature with an upper air sounding . In 

their opinion , the VISSR data from the GOES series o f  

satell ites i s  probably the be s t  currently available for 

use with this method . 

Ogura and Liou ( 1 97 9 )  stud ied a wel l-organized squall 

line which pas s ed through the mesonetwork of the Nat ional 

Severe Storms Laboratory (NSSL )  in central Oklahoma on 

2 2  May 1 9 7 6 . The prec ipitation analysis  from the NSSL 

me sonetwork , PPI echo-contoured displays from the WSR- 57 

NSSL radar , subsynoptic and small- scale.features , such a s  

surface convergence ,  re lative vortic ity soundings ,  verti

cal motion , temperature , mixing ratio and equ ivalent 

potential temperature , were cons idered in that s tudy . 

Leary and Houze ( 1 9 7 9 )  examined the structure and 

evolution of convection in a double c loud c lus ter in the 

trough of an easter ly wave that pas s ed over the data 

network of the Global Atmospher ic Res earch Programs' 

At lant ic Tropical Exper iment (GATE ) uti l i z ing both PPI 

and RHI displays from four quantitative shipboard weather 
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radar s . S ix me soscale precipitation features were identi -

f ied i n  that research , and the proces ses active i n  the 

formative , intens i fying , mature and d i s s ipating s tages of 

their l i fe cycle were identif ied . 

A technique was developed by Reynolds and Smith 

( 1 9 7 9 )  to d igital ly integrate sate l lite and radar imagery 

in a c ommon coord inate reference frame . Compos ite d isplays 

were prepared on CSU ' s ADVISAR by u s ing GOES vis ible and 

infrared dat a , 5 em radar data and recording raingage data . 

The usefulne s s  o f  combining two independent remotely sensed 

data sets into a common re ference frame was demonstrated by 

applying the compos ite technique to two case s tudies . 

From the literature review , i t  c an be conc luded that 

the method o f  determining c loud top heights by comparing 

sate l l i te-der ived cloud top temperature with the upper a ir 

sound ing data i s  rel iable . In addition , ver ificat ion o f  

the sate l l i te-der ived results obtained b y  compar i son with 

radar and rain fa l l  mea surements should prove valuable , 

becau s e  it may become practic al to extend satellite

derived results to regions for which radar and raingage 

d ata are not available . The techniques which have been 

developed already , such as determin ing albedo , c loud top 

temperature , c loud height , cloud type and cloud number 

( Jurica and Chi , 1 97 9 )  have been appl ied to the case study 

days mentioned above . The results of thi s  analys is were 

then compared with both radar and ra ingage data , employing 

some a spect s  of the s tudies described previous ly . 



CHAPTER 2 

DETERMINATION OF CLOUD PROPERTIES 
FROM SATELLITE DATA 

This chapter will d i scus s  the data acqu i s i tion 

systems and data proces s ing technique s for vis ib le and 

infrared radiance measurement s  which were employed in 

subsequent chapters . The se method s were then appl ied to 

the rad iance data on the selected case study days , and 

the der ived results will be presented and discuss ed . 

2 . 1  Available Data 

The satel l ite sys tem from which the rad iance and· 

imagery data was collected in thi s  s tudy is the GOES . 

The satell ites GOES EAST and GOES WES T  are in geosynchro

nous orbits loc ated at 7 5 °W and 13 0 °W ,  re spec tive ly , over 

the equator , viewing the Western Hemisphere ( Figure 1- 1). 

In the Vis ible and Infrared Spin- Scan rad iometer 

(VISSR)  , the radiated energy re f lected and emitted from the 

earth ' s  surface and atmosphere is collected by 8 vis ible 

channel sensors and 2 infrared sensors . The vis ible 

sensors collect energy in the 0 . 5 5 to 0 . 7 5 �m range, while 

the infrared radiation i s  located between 1 0 . 5  and 1 2 . 5  �m . 

The GOES data are received and transmitted .bY the 

Data Acquisition and Proces s ing System (DAPS ) of  NES S .  Al l 

1 0  
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data for central proce s s ing are acquired in a compre s sed 

format by the two NES S  Command and Data Acqu i s ition (CDA) 

stations which are loc ated at Wal lops I s land , Virginia 

and G ilmore Great , Alaska ( NESS , 1 97 8 ) . 

The Nat ional Weather Service Forecast Office at 

Lubbock rece ived the vi s ible and infr ared imagery which 

are used in thi s  study . 

2 . 2 Determination o f  Cloud Propertie s 
from V i s ible Radiance Data 

The determination of a visible radiance critical value 

to distinguish c loud s from the underlying non-c loud sur face 

is a primary go al in the analysis o f  radiance data for thi s 

s tudy . There are several factors which inf luence the radi-

ance reflected from a cloud inc lud ing phy s ical cloud proper-

tie s and non-c loud propertie s .  These inc lude the s i ze and 

shape o f  the c l oud partic les , the number density of  scatter-

ing partic les in the c loud , cloud thickne s s , the shape of  

the c l oud , as wel l  as the zenith angle of  the sun and the 

satell ite (Mo sher , 1 9 7 4 ) . The method used to determine the 

critical values for d i fferent times of day on the four 

case-study days cons i s ted of displaying the vi s ib le radi-

anc e  data on the ADVISAR at CSU . 

The intens i ty of  the re flected solar radiance depend s 

on the albedo o f  earth and atmo sphere and al so on the 

zenith angle o f  incoming solar radiation . A dif ferent 
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br ightnes s  value wil l  be mea sured for a given c loud albedo 

at d i f ferent time s o f  day . The primary cause of  thi s  var i

ation i s  the solar zenith angle , because the larger the 

solar zenith angle the smal ler will be the vi s ible 

br ightnes s  value mea sured for a certain albedo . A larger 

sol ar zenith angle corre spond s to a longer path length 

through the atmosphere and greater attenuation . Therefore , 

the variation in atmo spheric attenuation i s  caused by the 

change in s olar zenith angle wi th time . Knowing the zenith 

angle o f  the incoming solar radiation and the reflected 

short-wave radiance , the value o f  albedo correspond ing to 

a given vi sible value was obtained for each spot based on 

the cr itical value at that time . The c urve o f  albedo 

ver sus brightnes s , shown in Figure 2 - 1 , was obtained from 

a c al ibration of  the VISSR v i s ib le sensor s with ground 

targets of known albedos ( Smith , 1 97 7 ) . 

2 . 3  Determination o f  Cloud Properties 
from Infrared Rad iance Data 

The VISSR sensor al so gather s r ad iant flux emitted by 

the viewed target in the infrared spectrum , and converts 

it into digital counts with a range from 0 to 2 5 5 . The 

infrared value s can provide estimates of the earth sur face 

temperature under clear skies and c loud top temperature 

under c loud-cover cond itions . A l inear correlation between 

the infrared counts and temperature has been extracted from 



1 . 0 

0.8 

0 . 6  
(!) ;j r-1 ct:l !> 
0 'd 0 .  4 
(!) ..Q r-1 ,:1! 

0 . 2  

0 . 0 

0 4 0  8 0  12 0 16 0 2 0 0  

Vi sible brightne s s  value 

Figure 2 -1 Albedo versus vis ible br ightne s s  value 
for zero solar zenith angle . 

24 0 

I-' 
w 



the NES S  standard cal ibr ation as fol lows : 

1 T = ! ( 6 6 0  - C ) for 0 < C < 1 7 5  

T = 4 1 8  - C for 1 7 5  < C � 2 5 5  

where C i s  the infrared data value and T i s  abso lute 

temperature (K ) . 

Thi s  r elation can be represented by two s traight 

l ines intersecting at the po int for which the infrared 

value i s  17 5 and temperature i s  2 4 2 . 5  K ( F i gure 2 - 2 ) . 

1 4  

From the two equations above , i t  can be seen that tempera

ture dec rea s e s  in s teps of 0 . 5  K from 3 3 0  to 24 2 . 5  K a s  

the infr ared count increases in uni t  steps from 0 to 1 7 5 , 

and decreases by 1 K per unit s tep to the l owe st value o f  

1 6 3  K a t  an infrared value o f  2 5 5 . Consequently , cold 

obj ects ( high c loud s ) appear whi te in photographs , and 

warm obj ects ( sea surfac e )  appear dark in accordance with 

visually observed atmo spheric phenomena . Having determined 

the c loud top temperature s ,  cloud top he ight was estimated 

from temperature sounding data . 

In order to derive c loud top he ights from cloud top 

temperatures ,  a vertical temper ature pro file mu st be 

obtained from s ounding data . On each Texas. HIPLEX oper -

ational day of 1 9 7 7, sound ing data were gathered by .Texas 

A & M University for three-hour interval s  at B ig Spr ing , 

Midl and , Po s t  and Robert Lee ( S coggins , 1 9 7 7 ) . Soundings 

were ava i lable at 1 5 0 0 , 1 8 0 0 , 2 1 0 0  GMT on each case s tudy 
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day and 0 0 0 0  GMT of the next day . The cro s s  sections of 

vertical temperature ver sus time for the four case study 

days at B ig Spring are shown in F igures 2 - 3  to 2 - 6 . From 

these four vertical temperature pro files , it was found 

that at upper level s  the i sotherms were nearly horizontal 

which ind icated that the long-wave radiat ion escap ing 

from c loud tops did not vary much with time . The 

isotherms o f  8 July were more var iable at low altitudes 

due to the unstable weather conditi on s  at that time . The 

rainfall o f  the 2 2  June and 8 July cases kept the s urface 

temperature cooler than that o f  other case s . Time

averaged i sotherm heights at the four stations on each 

case study day are given in Table 2 - 1 . S ince the vert ical 

temper ature struc tures were so s imi l ar from station to 

station , average sounding curves for the four stations on 

the four d i fferent days provided an approximate rel at ion 

between temperature and c loud-top height for each day . 

The time and space averaged soundings are shown in 

Figure 2 -7 . From the heights given in Table 2 -1 , it c an 

be seen that the use  of an average sounding results in 

c loud-top estimate s within a few hundred meters of actual 

value . Thi s techn ique o f  estimating cloud-top height 

was applied for veri f ication o f  the satellite-der ived 

result s , a s  d iscus sed in Chapter 4 .  
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2 2  June 

Temp . (C ) 

3 0  -

2 0  12 3 3  

1 0  2713 

0 4 4 18 

-10 6 2 52 

-2 0 8 0 3 1  

-3 0 9 3 3 5 

-4 0 1059 4 

-5 0 118 2 8  

- 6 0  132 55 

Table 2-1 

Robert Lee 

24 June 27 June 

6 4 8 1 0 6 5  

1416 2 2 97 

3 0 4 8  3 514 

4 53 1  4 5 6 6  

6 4 2 0  6 2 16 

7 9 8 7  752 0 

9 4 2 7 8 8 9 6 

1 0 6 71 1 0 2 2 0  

11 9 6 8  114 55 

13 3 0 4 13 0 6 9  

Continued 

Big Spring 

8 Ju ly 2 2  June 24 June 27 June 8 July 

73 4 - 8 77 12 0 9  913 

1658 113 2 153 0  2 3 73 1521 

3 0 3 4  2 8 91 3 052 3 5 9 3  3 0 9 6  

4 52 8  4 4 73 4 515 4 8 3 1  4 58 0 

6 512 6 4 6 6  6 4 59 6 3 4  6 6 515 

8 0 3 8  8 0 3 6  7 9 8 3 77 0 9  8 0 8 7  

9 3 6 8  9 4 8 0  9 4 0 3 9101 9 4 5 0  

10717 10 6 9 2  1 078 9 1 0 3 8 2  1 0 8 55 

12 0 0 2  119 8 .5 12 117 116 8 7  12 2 3 7 

13 3 9 7 13 555 13718 13 3 8 1  13 7 0 2  

N 
N 
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F igure 2-7 The average sounding of the four upper air 
stations for the four case-study days . 
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2.4 Al ignment o f  Visib le and Infrared Data 

As ment ioned above , the visible and infrared data 

arrays consisted of 216 x 216 and 27 x 54 element s for the 

target area , respectively. The v i s ible and infrared 

sensors on the GOES scan the globe s imultaneous ly from 

we st to east as they progress  from north to south. A mi s 

alignment between visible and infrared VISSR sensors wa s 

detected dur ing analys i s  of  the 197 6 data sets. 

It has been found that a misalignment between vis ib le 

and infrared dat a exi s ted in the 1977 data as wel l. The 

method used to check misalignment o f  1 9 7 7  data cons i s ted 

of s imultaneously d isplaying both vis ible and infrared 

data sets on the ADVISAR. In order to be s t  match the cloud 

cover areas o f  both vis ible and in frared data , the critical 

values which distingu i sh the cloud area from non-cloud 

background were increased for both visible and infrared 

data . As a result , the remaining cloud patt erns d i splayed 

on ADVI SAR were confined to the mos t  dominant feature s. 

Although the resolution of the infrared data. was poorer 

than that of visib le data , the mi sal ignment was eas i ly 

detected. F igure 2-8 d isplays the d i f ference in data set 

matching at 2115 GMT , 27 June be fore and after shifting of 

the infrared data array. The vis ible data were d i splayed 

in blue , while the infrared data were d i splayed in red. 

Black area s defined region s of low values of both vis ible 

and in frared radiance , whi le white are as loc ated the super-
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F igure 2-8 ADVISAR images used in check of alignment of 
visible and infrared data arrays at 2115 GMT 
on 27 June 1977. The upper picture is before 
shifting the infrared data set and the lower 
one is after shifting. 
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po s ition of br ight visible and cold in frared me asurement s . 

The larger the white and black areas and the smal ler the 

red and blue areas , the better the match between the two 

dat a  sets . Comparison o f  the two picture s showed that the 

match was better after the infrared data array was moved 

three pixe l s  left and one pixel up. Because of  this 

movement , all the element s o f  the in frared array were 

moved about 20 km away from the ir initial po s itions. 

The alignment procedure described here was applied to 

all visible and infr ared data set pa irs analyzed in 

subsequent c hapter s .  





CHAPTER 3 

SATELLITE-DERIVED CLOUD PROPERTIES 

The visible radiance data were analyzed with a cloud 

summary program . The pr inc ipal input parameter for each 

time on the four case study days was the cr itical br ightne s s , 

determined with the ADVI SAR , to distingu i sh cloud from non

c loud sur face . Ba sed on thi s  critical value , the boundary 

of each cloud was outl ined as an isopl eth o f  the critical 

br ightne s s  val ue . A number of stat i stical products , such 

as mean c loud brightne s s  and var iance of  cloud br ightne s s , 

as we ll as the c loud size  were generated through the c loud 

swru�ary program . In order to fac i l itate cloud-movement 

tr acking , the geometric and br ightne s s  centers were also 

determined . The gr avity-center method used to determine 

the geometric c ente r involve s locating the medi an row and 

colunm o f  the c loud from a po int-by-po int count of  cloud 

pixe l s . The loc ation o f  the brightne s s  cent er was de

termined in a s imilar manner ,  using individual br ightne s s  

value s a s  weight ing factors for each pixel . In addition , 

the maximum br ightnes s value and its location in each 

cloud were tabulated . 

After the c loud-by-count statistic s  we re accumulated , 

the fo llowing comprehensive information wa s obtained: 

(1) percentage s of cloud cover and non-c loud area within 

the s tudy area ; (2) mean brightne s s  value s of the total 

27 
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cloud and non-c loud area; ( 3 )  br ightnes s  d i stribution of 

all data po int s; (4 ) d istribution o f  c loud mean 

br ightness; and (5) distribution o f  cloud si ze. 

3 . 1 Cloud Populat ion s 

U s ing the c loud summary program and critical value s 

to distingui sh cloud from non-cloud surfaces , the number 

of cloud s and percent cloud cover was obtained for each 

time on the four case-study days . The minimum c loud size 

of  interest in thi s study i s  a cloud of  four pixe l s , 

equivalent in area to a dircular c loud of  about 3 . 3  km 
diameter .  All the c louds with s i z e  equal to or le s s  than 

three point s , were di scarded by the c loud summary program. 

The perc ent c loud-cover over the whole area was obtained 

as the total o f  all c loud s de fined in this manner . 

There were several categories employed to separate 

clouds according to the ir s i z e  as follows : 

1. Tiny cloud s , less  than 4 pixel s ,  corresponding to a 

c ircular c loud diameter le s s  than 3 . 3  km, were 

neg lected here . 

2. I solated convective cloud s : 

( a )  Smal l  cloud s , 4 to 7 pixel s ,  with an equivalent 

diameter between 3 . 3  km and 4 . 3  km, usua lly a fair 

we ather cumulus c loud ; 

( b )  Medium c loud s , with 8 to 3 7  pixel s ,  having an 

equivalent diameter between 4 . 3  km and 10 km, 
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cumulus conge stus in most cases; 

(c ) Large c l ouds , with 3 8  to 148 pixe l s  and an equiva

lent d i ameter between 10 km to 20 km , and usually 

identi fied as cumulonimbus ;  

3. Widespread deep convective or strat iform c loud s , with 

more than 148 pixel s ,  corresponding to an equivalent 

diameter l arger than 20 km, and ident i fied as a 

wide s.pread deep convective cl oud for high mean 

brightnes s  or as area o f  strati form cloud for low mean 

brightn e s s . 

The c loud populat ions in various size categor ie s 

derived from the c l oud summary program are g iven in Table 

3 -1. A number of  different patterns were found to occur . 

Large numbers of  c loud s  appeared on 24 June and ear ly on 

8 June , with muc h  smal ler number s of cloud s on ·the other 

two days . Generally speak ing , the number of  smal l  and 

medium i so l ated convective clouds dominated the total number 

of cloud s . As a re sult , the numerous smal l and medium i so 

lated c louds o f  24 June and early o n  8 July led to large 

total number s o f  clouds at these times . However , the 

perc ent c l oud cover was always dominated by the widespread 

convective and strati form c loud s , independent of the total 

cloud number , as di scus sed in the next section . 

3 .2 Percent C loud Cover 

The perc ent c loud cover for all 44 data sets dur ing 



T IME 
(GMT ) 

1745 

1 8 1 5  

1845 

1915 

1945 

2015 

2045 

2115 

2145 

221 5 

2245 

23 15 

2345 

0015 

Tab le 3 - 1 Number o f  c loud s o f  d i f ferent s i z e s  

22 June 

* * * 
2a 2b 2c 

- - -

4 4 1 

1 2 3 

5 7 0 

6 5 2 

2 5 0 

1 3 0 

6 15 1 

12 19 4 

7 12 2 

6 5 0 

11 3 2 

2 3 1 

8 7 2 

* 
3 2a 

- 20 

1 27 

3 30 

1 28 

2 2 5  

1 3 3  

1 2 9  

1 24 

2 

3 20 

1 4 

2 10 

1 13 

1 15 

24 June 

2b 2c 

28 7 

2 6  7 

24 4 

2 6  9 

3 2  3 

3 5  7 

3 1  5 

22 7 

10 2 

4 1 

10 2 

19 5 

8 2 

27 June 

3 2a 2b 2c 3 2a 

3 0 0 0 0 3 3  

2 0 0 0 0 

2 1 0 0 0 27 

3 1 1 0 0 15 

4 0 2 3 0 14 

3 6 --1 2 2 15 

5 4 6 2 3 

4 10 12 1 1 12 

1 5 11 5 2 

1 - - - - 7 

2 

2 - - - - 10 

2 - - - - 5 

*2a : Sma l l  convect ive : d i ameter between 3 .3 km to 4 . 3 km 

*2b : Medium convect ive : diameter betwe en 4.3 km to 10 km 

*2c : Large convective : diameter between 10 km to 20 km 

* 3 :  Widespread : d iameter larger than 20 km 

8 Ju ly 

2b 2c 3 

3 6  5 3 

28  6 5 

17 5 4 

15 5 4 

7 0 1 

12 0 1 

13 4 1 

19 4 1 

9 2 1 

w 
0 
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the four case s tudies was obtained from the computer cloud 

summary program . I t  was computed as the rat io o f  the 

number o f  data point s  within the cloud boundary , determined 

by the c ritical visib le value , to the total number of data 

points within the s tudy area . F igure 3 -1 compare s the 

percent cloud cover result s over the s tudy area for the 

four days . On 2 2  June , cloud cover exceeded 8 0 %  much of 

the day . Large perc ent c loud cover a l so occurred during 

the late a fternoon of 8 July . The early afternoon o f  both 

24 and 27 June was dominated by small isolated clouds , 

which kept the c loud cover small and even clear for the 

fir s t  four time s on 2 7  June . But , on both days in the late 

afternoon , a s torm moved into the study area from the wes t , 

contributing to increased cloud cover over the s tudy area. 

F igure 3 - 2  shows the contrasting cases of  l arge percent 

c loud cover contr ibuted by only a few c louds and small 

percent c l oud cover de sp ite the presence o f  many c louds . 

The cloud cover at 2 0 4 5  GMT , 2 2  June wa s 8 7 % ,  although 

there were only 5 separate c loud s at this time. The 

percent c loud cover at 1 8 4 5  GMT , 2 4  June was only 6 . 1 % , 

despite the presence o f  6 0  clouds in the s tudy area . 

From F i gure 3 - 3 , it i s  noteworthy that the s i z e  o f  the 

large s t  c l oud at eac h time closely matched the tendency of  

the percent c loud cover shown in F igure 3-1 . Onc e aga in , 

the percent c loud cover was strongly dominated by the 

widespread convective and strati fo rm clouds , especially on 

2 2  June when the number of clouds wa s not large . 
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F igure 3 - 2  ADVI SAR visible image s  at 2 0 4 5  GMT 22 June 1 9 7 7  
and 1 8 4 5 GMT 2 4  June 1 9 7 7 . In the upper picture 
the perc ent c loud cover is  large although there 
are only a few c loud s , and the lower one the 
perc ent c loud cover i s  smal l  de spite the pre sence 
of many cloud s . 
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3 . 3  Cloud Brightne s s  

The appearance o f  a cloud viewed from satellite alti

tude depend s on the visible brightnes s  values , which vary 

with solar zenith angle for a given cloud . The brightnes s  

val ues decrease bec ause o f  increased attenuation along a 

longer path through the atmophere as the solar zenith angle 

becomes larger in the late afternoon . A visible brightnes s  

frequency distr ibution table was obtai�ed from the computer 

cloud summary program at each analysis time for the four 

case s tudy days . The vis ible brightnes s frequency di stri

bution curves for four se lected times at two-hour interval s  

are shown in F igure s 3 - 4  through 3-7 . In each figure , the 

sc ale i s  the d i fference o f  individual br ightne s s  values 

relative to the critical value distingu ishing cloud from 

non-c loud background for the g iven time . The appearance of 

the br ightnes s  d i s tr ibution curves is c losely related to 

the percent c l oud cover at the corresponding time . A com

pari son between F igure 3 - 1  and F igures 3 - 4  through 3 -7 

shows that large cloud cover ( greater than 7 0 % )  occurred 

when the mode o f  the br ightne s s  dis tribution curve wa s 

po s i tive , and that sma l l  c loud cover ( le s s  than 4 5 % )  

corresponded to a negat ive modal value . 

The modal value s at 1 8 1 5  and 2 01 5  GMT on 2 2  June and 

0 0 1 5  GMT on 2 3  June were from 4 0  to 6 0  un its greater than 

the critical vi s ible value at those times and the mode at 

2 2 1 5  GMT was 7 6  units above the critical value . The 



4 0 0 0  

1-l 3 0 0 0  
Q) 

§ 
z 
.j.J 
§ 2 0 0 0  0 u 

1 0 0 0  

\.I. 
�u�-�Lu u u  ��u i u� ' CLOUD REGION (\ 1 8 1 5  GMT 

2 0 1 5  GMT 

2 2 1 5  GMT 

0 01 5  GMT : . · . . (\ ) \ .f\ 
..f\j ;if',,, \ I \ 

7�--�/ /J \ ,�/, . \ h \ /y � .. !\ \ \ 
\ 

/I /� -·-//� 
.\ \-,, \ 

� " 

// ;1[ ___/' · .  "'-- \ �, . 
/ �  · · �  "-

- 4 0  - 3 2  - 2 4  - 1 6  - 8  VIS 8 1 6  2 4  3 2  4 0  4 8  5 6  6 4  7 2  8 0  8 8  9 6  1 0 4  
c r i t  

F igure 3 - 4  Curve s o f  the frequency d i str ibu t i on o f  v i sible rad i ance value s o n  2 2  June . 

� 
0\ 



H 
()) 

§ 
z 
+1 s:: ::1 0 u 

5 0 0 0  

4 0 0 0  

3 0 0 0  

2 0 0 0  

1 0 0 0  

NON-CLOUD REGION If-IF----

/y, I \\ I I 
\ 

I \\ 
I I 

\ 

I \\ I 
\ I \ 

th CLOUD REGION 
�· 

1 8 1 5  GMT 

2 0 1 5  GMT 

2 2 1 5  GMT 

0 0 1 5  GMT 

I I 

\ ' 

I \\ .. �--/�. .!': I 1 .�"\j � .\J ---·"· r·-\ \ 
r 

....._ " 

J 
Jl 

- 7 2  - 6 4  - 5 6  -4 8 - 4 0  - 3 2  - 2 4  - 16 - 8 VIS 8 1 6  2 4  3 2  4 0  4 8  5 6  6 4  7 2  8 0  8 8  
c r i t  

F igure 3-5  Curves o f  the fr equency d i stribut ion o f  v i s ible rad i ance values o n  2 4  June . 

UJ 
� 



6 0 0 0  

5 0 0 0  

4 0 0 0  

H � 3 0 0 0  

s 
z 
+I 
s:: 
==' 0 
u 2 0 0 0  

1 0 0 0  

NON-CLOUD REG ION "" CLOUD REGION 
.11' 

(\ 
I \ \ I I I 1! r\ I �h�·� I { I \\ \ I t !..\ 1 \ \ I , ,, ·. \ l 

J 1 -/ \ ' 

1 7 4 5  GMT 
1 9 1 5  GMT 

2 04 5  GMT --- · ----

2 2 1 5  GMT 

l /i ' I\ J I j \JI \  
/''\ . .  I \\ \ 

� · ----) / \ · - · � · -

'It II 

- 5 6 - 4 8  - 4 0  - 3 2  - 2 4  - 1 6  - 8  V I S  8 1 6  2 4  3 2  4 0  4 8 . 5 6  6 4  7 2  8 0  8 8  9 6  

cr i t  w 
F i gure 3 - 6  Curve s o f  the frequency d i s tr i but ion o f  v i s ible radiance value s on 2 7  June . 00 



5 0 0 0  

4 0 0 0  

� 3 0 0 0  

§ 
z 
+l 
I:: 
g 2 0 0 0  u 

1 0 0 0  

j,. NON-CLOUD REGION "t CLOUD REG ION 

1 7 4 5 GMT 

2 0 1 5  GMT 

2 2 4 5 GMT 

0 01 5  GMT 

-- - -- -- -

--- · ---

;v··f\.-'\ /\ 
r--l\ ;; / \ \ j \ I \:�.· ! \ \/'---- \ 

'II 71 

jl_r---. /.·�':���� . .\ \ 
/ ___ ;;- �"------ \ 

- 4 8  -4 0 - 3 2  - 2 4  - 1 6  -8  VIS 8 1 6  2 4  3 2  4 0  4 8  5 6  6 4  7 2  8 0  8 8  9 6  
crit 

Figure 3-7 Curves of the frequency distr ibution of visible rad ianc e values on 8 July . w 
� 



4 0  

pattern on 8 July in F igure 3 -7 had a s imilar distr ibution , 

except for the curve at 1 7 4 5  GMT , early in the day . The 

mode at 2 01 5  GHT was 7 6  units greater than the critical 

value a s  was also observed at 2 21 5  GMT on 22 June . At all  

of  these time s the total c loud cover was at least 8 0 % . The 

mos t  sub stantial rainfa l l s  observed on the case study days 

occurred at the se time s . For both 2 2  June and 8 July the 

visible rad iance value s in the c loud reg ion o f  the fr equen

cy distribution curve were skewed toward large pos itive 

value s . 

The patterns in F i gure 3 - 5  and F igure 3 -6 are s imilar , 

but very different from thos e  on 2 2  June and 8 July . On 

these  two days , the brightnes s  frequency dis tributions were 

concentrated in the non-cloud region . The mode s at 1 8 1 5 

and 2 01 5  GMT on 2 4  June were l oc ated 3 2  and 2 4  units , re

spectively , be low the corre spond ing critical values . Late 

that afternoon , a cloud system moved into the study area 

and the pattern of  distribution curves at 2 2 1 5  and 0 0 1 5  GMT 

was s igni ficantly changed . The patterns on 2 7  June were 

all uni formly conc entrated in the non-cloud region , with 

modal value s at the four selected time s all from 4 0  to 4 8  

units be low the critical visible value for each time . At 

al l o f  the se time s , the cloud cover was less  than 3 5 % .  In 

contras t  to the 2 2  June and 8 July curves , the vis ible 

radiance values in the cloud region on 24 and 2 7  June were 

quite uni formly distributed over a l l  po s itive value s . 



The prec ipitation analyse s from the raingage network 

for these  four days support the tentative conc lus ion that 

the v i s ible data br ightne s s  value d is tr ibution curves are 

correlated with rainfal l .  A more detailed discuss ion of  

weather cond itions will be presented in the next chapter 

for verificatio n .  

3 . 4 Compari son o f  Digital and Photographic Data 

41 

Because of  the non-coinc ident viewing time s for satel 

lite imagery from GOES EAST and radiance data from GOES 

WEST ,  the average s  of percent c loud cover and number s of  

c louds derived from the rad iance data at 1 5  minutes and 4 5  

minute s after the hour were used for comparison with those 

derived from the imagery on the hal f  hour . Comparisons of  

percent c loud cover and cloud numbers der ived from satel

l ite rad iance data and from photographic imagery are shown 

in Table 3 - 2  at one-hour interval s .  Althouqh agreement 

between the two sets of results is generally good , there 

are some in stance s  of poor agreement . 

In the original ana lys i s  o f  the photographic imagery , 

the study area was divided into nine sub-areas , as shown 

in F igure 1 - 2 . In the comparison presented here , these 

individual values of  9ercent c loud cover were averaged to 

produce a more re9resentat ive overall estimate . Further , 

the number o f  i solated and widespread c louds for the whole 

s tudy area was obtain ed by adding the numbers from each 



Tab le 3 - 2  Compari son o f  percent c loud cover and c loud number s  from 
sate l l ite rad iance data and photographic imagery . 

Percent Number o f  Number o f  Tota l Number 
C loud Cover W idespread C l ouds I solat ed Cloud s o f  C l oud s 

Time 
DAY (GMT ) Radi ance Imagery Rad iance Imagery Rad iance Imagery Rad iance Imagery 

22 June 1 8 3 0  9 3 . 5  8 8  2 l 6 . 5  4 2  8 . 5  4 3  

1 9 3 0 8 9 . 1  8 4  1 . 5  2 1 2 . 5  9 2  1 4  9 4  

2 0 3 0  8 9 . 2  8 1  l 2 5 . 5  1 0 0  6 . 5  1 0 2  

2 1 3 0  6 8 . 3  5 9  1 . 5  l 2 8 . 5  1 0 5  3 0  1 0 6  

2 2 3 0  7 3 . 6  5 4  2 l 1 6  3 7  1 8  3 8  

2 3 3 0  

2 3  June 0 0 3 0  7 9 . 3  6 5  l l 1 7  1 2  1 8  1 3  

2 4  June 1 7 3 0  6 . 4  3 2  3 3 5 5  2 4 7  5 8  2 5 0  

1 8 3 0  5 . 4  9 2 l 5 9  2 1 8  6 1  2 1 9  

1 9 3 0  1 3 . 6  2 3  3 . 5  2 6 1 . 5  2 8 4  6 5  2 8 6  

2 0 3 0  1 8 . 7  9 4 2 7 0  9 6  7 4  9 8  

2 1 3 0  2 5 . 4  2 0  4 3 7 3  7 0  7 7  7 3  

2 2 3 0  8 4 . 8  2 8  l 2 2 0 . 5  2 7  2 1 . 5  2 9  

2 3 3 0  7 6 . 9  4 9  2 3 2 9 . 5  0 3 1 . 5  3 

2 5  June 0 0 3 0 7 8 . 4  5 1  2 1 2 5  5 2 7  6 

,j:>. 
N 



Table 3 - 2  Continued 

Percent Number of Number of  Total Number 
Cloud Cover Widespread C loud s I solated C loud s of C louds 

Time 
DAY ( GMT ) Radiance Imagery Rad iance Imagery Rad iance Imagery Rad ianc e Imagery 

2 7  June 1 7 3 0  0 0 0 0 0 0 0 0 

1 8 3 0  0 0 0 0 0 0 0 0 

1 9 3 0  0 . 3  5 1 . 5  0 2 7 3 . 5  7 

2 03 0  6 . 6  5 2 . 5  1 0 . 5  3 0  1 3  3 1  

2 1 3 0  1 7 . 8  1 1  1 1 2 3  6 6  2 4  6 7  

2 2 3 0  3 5 . 2  3 2  2 2 2 1  3 4  2 3  3 6  

8 Ju ly 1 7 3 0  4 3 . 6  5 7  3 3 7 4  3 2 3  7 7  3 2 6  

1 8 3 0 5 0 . 1  5 3  5 3 6 1  2 5 6  6 6  2 5 9  

1 9 3 0  5 8 . 4  6 1  4 2 3 5 . 5 2 4 7  3 9 . 5  2 4 9  

2 0 3 0  8 2 . 8  7 3  1 1 2 2  1 9 1  2 3  1 9 2  

2 1 3 0  9 0 . 9  7 9  1 1 2 4  1 7 6  2 5  1 7 7  

2 2 3 0 8 1 . 9  8 3  1 1 2 4  7 8  2 5  7 9  

2 3 3 0  7 9 . 2  7 0  1 1 3 3  8 0  3 4  8 1  

9 Jul y 0 0 3 0  8 0 .  2 7 3  1 2 1 6  7 3  1 7  7 5  

,j:::. 
w 
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sub-area . Tabl e  3 -2 compares the percent cloud cover and 

cloud number results derived from thes e  two sources . 

The agreement of  percent cloud cover between the two 

sets i s  good , exc ept for a few cases on 2 4  June . Because 

the perc ent c loud cover from photogr aphic imagery wa s e sti

mated vi sually , it  was dif ficult to maintain as con s i s tent 

an accuracy as with percent cloud cover derived from radi

ance data . Figure 3 - 8  shows that the trend s o f  percent 

cloud cover from rad iance data and photographic imagery 

have s imilar patterns .  In general , the dif ference in 

percent c loud cover estimated from the se two data sets wa s 

approximately 5 %  to 1 0 % . The most difficult estimate s  o f  

percent cloud cover occurred a t  t imes when isolated , 

cluster and l ine c loud s were predominant . Thi s  s ituation 

was particularly true on 24 June , where the dif ference s  in 

Table 3 - 2  are very noticeable . 

The agreement in Table 3 -2 in number o f  widespread 

clouds between the se two data sets i s  seen to be much 

better than that for isolated c loud s . Espec ially on 2 4  

June , when i solated clouds dominated , the agreement was 

very poor . A detai led study of  the results on this date 

points to an expl anat ion . The computer c loud summary 

program treated many small clouds a s  a s ingle large c loud 

a s  long as the ind ividual c louds were linked together at 

even one point . As a result , the number o f  wide spread 

c loud s was one or two more than the value der ived form the 
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imagery , while the number o f  iso lated c louds was much le s s  

than that from imagery . Early on 8 July , the number of 

iso lated c loud s differed for the same �eason , although the 

numbers o f  the widespread c louds were near ly equal . 

Another factor in fluenc ing the accuracy of  these 

results was the variation in solar zen ith angle ,  which 

increased to 5 0° after 2 2 3 0 GMT ; consequently , the 

br ightne s s  of the scene was significant ly reduced . Under 

the se cond itions , fewer small isolated c louds could be 

distinguished from the underlying sur face in the ohoto

graphic imagery . The late afternoons of  24 June and 

8 July are good examples of  thi s  problem . 

In conc lusion , the results derived from radiance data 

analyzed by the summary program are considered to be more 

accurate and quantitative . However , analys i.s of t he 

imagery can be of  assi stance to the study of  radiance data 

sets , e spec ially in providing a large-scale view of the 

overall synoptic pattern existing at a given t ime . 

3 . 5  Albedo 

Albedo is the rat io o f  the radiation reflected by a 

surface to the rad iation inc ident upon it , and is normally 

exore s sed a s  a fraction , ranqinq from 0 for a perfect 

absorber to 1 for a perfect reflector . Some representat ive 

albedo value ranges for var ious surfac e s  given in the 

Smithsonian Meteorological Tab les ( List , 1 9 6 6 ) are : 
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0 . 03 to O . l O  for r iver s and sea s ,  0 . 07 to 0 . 2 0 for ground , 

and 0 . 0 5 to 0 . 8 4 for c louds . A cal ibration computer 

program was obtained for the basic albedo value determi 

nation ( Smith , 1 97 7 ) , and was applied to the determinat ion 

o f  albedo value s in the same manner a s  utili zed in a 

previous case study ( Jurica and Chi , 1 9 7 9 ) . 

The vis ible radiance data which represent the albedo 

over the observed area , have been converted to albedo 

value s utili z ing the curve of Figure 2 -1 as the bas i s  of 

the technique . On the four case s tudy days to be analyzed , 

the smal lest solar z enith angle of  approximately 9 . 0° 

occurred at 1 8 4 5  GMT . Because the albedo value i s  

inver sely proportional to the cos ine o f  solar z en ith 

angle , a di fference of only 1 %  exi sted between albedo s at 

1 8 4 5  GMT each day and the value s for z ero solar zenith 

angle g iven in Figure 2 -1 . It was a s sumed that all the 

sma ll isolated cumulus used to e stab l is h  the critical 

brightnes s  value had s imilar c loud propert ies and the ir 

a lbedo value s d id not change with time . Therefore , all  

the cr itical visib le value s should have corresponded to 

a certain albedo value . Curves o f  visible radiance data 

versus albedo were derived based on thi s as sumpt ion for 

d ifferent z enith angl e s  and are s hown in F igure 3 -9 . 

F igure 3 - 1 0  shows an example o f  the enhanced vi s ible 

and infrared ADVISAR image s at 2 ll 5  GMT on 2 7  June 1 97 7 . 

The a lbedo value s corresponding to the colors of the 
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F igure 3 - 1 0  Enhanc ed vi s ible and in frared pictures at 
2 1 1 5  GMT 27 June 1 9 7 7 . The correspondence 
between the colors and albedo and c loud top 
temperature are g iven in the text . 
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vis ible p icture were taken from F igure 3 - 9 , and are as 

fo l lows : red ( . 2 5  - . 3 0 ) , yellow ( . 31 - . 3 7 ) , blue ( . 3 8  -

. 4 4 ) , green ( . 4 5  - . 5 0 ) , purple ( . 51 - . 5 8 ) , turquoi se 

( . 5 9 - . 6 6 ) , black ( . 6 7 - . 7 6 ) , white ( larger than . 7 7 ) . 

The same color sequence given in Figure 2 - 2 was ut ilized 

in the infrared picture , and corresponds to cloud top 

temperatures as fo l lows : red ( 0  to -9 C )  1 yellow ( - 1 0  to 

- 1 9  �) , b lue ( - 2 0  to -2 9 C ) , green ( -3 0  to -3 9 C ) , purple 

( - 4 0 to - 4 9  C ) , turquoise ( - 5 0  to -59  C )  1 black ( - 6 0 to 

- 6 9  C ) , white ( le s s  than -7 0 C ) . A storm c el l  moved into 

the study area from the we st during the late afternoon o f  

2 7  June . Because the storm was rapidly developing at 

2 11 5  GMT , the gradient s of both brightnes s  and c loud top 

height were very sharp near the edqe of the storm , 

e spec ial ly along the southern edge . The brightnes s  near 

the center of the s torm was strong and the height of the 

s torm in the central portion was approximately 1 5  km , 

corre sponding to c loud top temperatures from -6 0 to -7 0 C .  

The se pictures provide a. good example o f  the value o f  

enhancement for location o f  particulary act ive convective 

areas within a c loud system . 





CHAPTER 4 

COHPARISON OF SATELLITE-DERIVED RESULTS 
WITH RADAR AND RAINGAGE MEASUREMENTS 

The c loud characteristic s derived from the satellite 

rad iance data and presented in the l ast c hapter are 

d i scus sed from several point s  of view in thi s chapter . 

The relation between the satellite radiance data and 

large- scale , me soscale and sma l l - scale weather cond itions 

are included in this discu s s ion . By mesoscale , or 

subsynoptic scale , is meant a spatial scale of several 

hundred kilometers and a temporal scale of several hours .  

The compari son with weather conditions and with other data 

source s  comprises the ma in portion of the verification o f  

the satel l ite-derived results pre sented in this chapter . 

Uti l i z ing the available satellite , radar and precipitation 

data , a compari son was made by plac ing the three different 

data sources into a common coordinate sys tem (Reynolds and 

Smith , 1 97 9 ) . The reference coordinate s have been 

selected to be the rectangular array of visible satell ite 

rad iance mea surements used in thi s study . The obj ective 

o f  this compar i son was to enhance under standing of ( a )  the 

s tructure o f  the convect ive clouds (b ) the relat ion 

between organi z ed me soscale features and the syno9tic 

scale (c ) storm development oroc e s se s , and ( d )  prec ipi-

tation mec hani sms on t he four case study days . 
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Both :PPI (plan Pos ition Indicator } and RHI ( Rang-e 

Heiqht Indicator ) digital radar displays were employed in 

this investigation . Vertical radar profiles were ut ili zed 

to s tudy the structure o f  the storm cells  se lected for 

analys is . In addition , the RHI displays provided in for

mation on the internal structure of c louds for which c loud 

top temp eratures were obta ined from the satellite infrared 

rad iance data . F inal ly , the compar ison o f  the several 

data sources was completed by integrating the three sets 

o f  re sult s . 

Each of  the following four sections pre sent s a 

discus s ion o f  one o f  the case study days . On the first  

two days , 8 July and 22  June , signigicant prec ipitation 

events occurr�d , while little or no prec ipitat ion was 

detected by the ra ingage network on the rema ining two 

case study days , 2 4  June and 2 7  June . The discu s s ions 

con s ider how the large- scale , mes oscale and small-sc ale 

weather cond itions were related and how the technique o f  

compo s ite presentation o f  several data sets was appl ied to 

each o f  the study case s . Final ly , the summary o f  t he 

r esults demons trate s the increased information derived 

from such a method of analysis . 

4 . 1  Case Study of  8 July 1 9 7 7  

The 8 July case study offered an excellent opportuni

ty for the integrat ion of radar and prec ipitat ion data 
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together w ith visible and infrared satell ite data . The 

d iscuss ion o f  this case study concentrate s  on the prec ipi 

tat ion event s and comparisons between satellite and radar 

data . Two time s , 1 9 4 2  and 2 01 8  GMT , have been selected 

for a discus s ion o f  REI cro s s - sections which passed 

through prec ipitation cel l s . In add it ion , a discus s ion o f  

the synoptic , me soscale and sma l l - scale features i s  

included . 

4 . 1 . 1  Review o f  Synopt ic Conditions 

Two weak cold front s extended from the northeastern 

United State s through the central United States into Texas 

at 1 5 0 0  GMT ( Figure 4 -la )  . The cold fronts moved slowly 

eastward and pas sed .through the study area at 1 8 0 0  GMT , 

j ust be fore heavy rainfall was detected in the raingage 

network (F igure 4 -lb)  . During the next thr ee-hour inter 

val , the front s moved ea stward (Figure 4 -lc ) and l ef t  the 

study area by 0 0 0 0  GMT 9 July (Figure 4 -ld } , as  the 

r�in fall subs ided . 

A distinct r idge and trough pattern wa s present at 

5 0 0  mb on 8 July � igure 4 -2a and b } . The r idge pa s sed 

through the New Mexico area at 12 0 0  GMT and rema ined 

s tat ionary unt i l  0 0 0 0  GMT 9 July . Cold a ir advection 

occurred w ithin the study area at the S O O �b level . The 

5 8 8 0  gpm contour passed through the study area at 1 2 0 0  GMT 

8 July and had moved to the south away from the study area 
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by 0 0 0 0  GMT 9 July . 

4 . 1 . 2  Subsynoptic F eature s 

4 . 1 . 2 . 1 Prec ipitation Ana lysis  

5 7  

The recording raingage network i n  1 9 7 7  cons i sted of  

59  stat ions and recorded rainfall to the neare st one

hundredth inch for every 1 5 -minute interval . The precipi

tation analy s i s  indic ated that the prec ipitation on 8 July 

was concentrated in the a fternoon , from 1 8 3 0  to 2 0 4 5  GMT , 

when a l ine o f  intense rainfall formed in assoc iation with 

the pas sage of the two cold front s through the ra ingage 

network . The rain subsided within the raingage network 

soon a fter the cold front s moved out of the study area . 

The total prec ipitation vo lume was derived by first 

construct ing a network o f  triangles with the raingages at 

each vertex , then averaging rainfall amount over each 

tr iangle and final ly summing up over the entire network 

(Har agan , et al . , 1 9 7 9 ) . The variation with t£me o f  total 

nrecipitation volume on 8 July is shown in F igure 4 -3 . 

The value plotted at a given time repre sent s the rain fall 

occurring dur ing the preced ing 15 -minute interval . The 

spatial pattern o f  total rainfall from 1 8 0 0  to 0 0 0 0  GMT 

9 July (F igure 4 - 4 )  shows that the heavy rainfall area s 

were located in a band stretching from southwe st to 

northeast , with many stations co llecting over 1 . 5  inche s 

dur ing this s ix-hour interval . The broken isohyet in 
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F igure 4 -4 represent s a rainfall o f  0 . 01 inch and the 

solid contours ar e given for every 0 . 2 5 inc h .  The total 

sur face water produced by prec ipitation was found to be 

6 6 , 0 9 5  acre-ft , the heaviest rain among four c ase study 

days . 

4 . 1 . 2 . 2  Mesonetwork Observations 

Measurement s gathered with the me soscale surface 

network ( Sc oggins , et al . ,  1 97 7 )  indicated that the 

temperature patterns were wel l  correlated with the 

occurrence o f  convective activity with a center of minimum 

temperature matching the : strong radar echoe s ,  as di scussed 

below . The analysis  o f  surface parameter s showed good 

corre spondence with the timing of prec ipitation develop-

ment ins ide the s tudy area from 1 8 0 0  to 2 1 0 0  GMT . Large 

centers of surface veloc ity convergence occurred pr ior to 

2 1 0 0  GMT , fo llowed by strong d ivergenc e and eventual 

d i s s ipat ion . Further , strong upward vertical motion 

exi sted 5 0  mb above the surface prior to 2 1 0 0  GMT and 

downward motion thereafter . And a l so , surface mo isture 

convergence prior to 2 1 0 0  GMT showed maxima in regions of  

stronq convection . F inal ly , the horizontal mas s  

convergence in low l evels  increased between l S O O  and 1 8 0 0  

GMT as thunderstorm development occurred over t he study 

area . 

4 . 1 . 2 . 3  Discus s ion o f  Snyder M-3 3  Radar 
P P I  Displays 

The highly modi fied M- 3 3  radar located at Winston 
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F ield in Snyder , Texa s , provided the d ig ital data for thi s  

case s tudy day . The M- 3 3  radar was operated by MRI at two 

wavelengths , one S-band ( 9 . 1  em) and one X-band ( 3  em) 

( Table 4 - 1 )  . Both radar s were operated in a continuous 

volume scan mode record ing digiti z ed data at az imuth 

intervals o f  1° and elevation interval s  of 1 . 5° . The 

S-band radar wa s cons idered the primary data acquis it�on 

radar and wa s operated whenever echoe s exi sted in or near 

the operational area . The X-band radar was more subj ect 

to attenuat ion and , consequently , was operated only when 

s igni f icant echoes existed c lo se to the radar site . The 

normal volume scan inc luded 12 elevations up to 1 8° and 

required 5 minutes to complete . On some occas ions , 

however ,  the scan was intentionally l imited to less  than 

1 8 ° ; on the se occas ions , the volume scan duration was less  

than 5 minutes (Mulvey , 1 9 7 8 ) . 

F igure 4 - 5  shows PPI plots from the M- 3 3  radar on 

8 July 1 97 7 . The border s o f  the raingage network and 

sate l l ite s tudy area are drawn over the radar echo pattern . 

The d isplays show that strong reflectiv ity values were 

observed within the raingage network from 1 8 0 0  unt i l  2 2 0 0  

GMT . The prec ipi tation analysis  indicated seve ral 

isolated storm cel l s  over the netw-ork dur ina the first 

hour of  the study per iod . The strong ec ho area in which 

reflec t ivity was larger than 45 dBz was easily ident ified 



Fr equenc y 

Peak power 

PRF 

Transmit ted pul s e  l ength 

3 db antenna beam width 

Rec e iver type 

MDS ( nomina l }  

Dynamic r ange 

Proce s s ing 

Bin spac ing 

Number of bins 

Record ing med ium 

Tabl e  4 - 1  

HI PLEX r adar characte r i s t i c s  
Snyder , Texas - 1 97 7  

S -band 

3 3 0 0  MHZ 

8 5 0  Kw 

9 0 0  -1  sec 

1 .  3 ll S  

1 .  60 

Loga r ithmic 

- 1 0 5  dbm 

8 0  db 

Dig ita l l inear power 
averaging 

1 ll S  

1 0 2 4  

1 6 0 0  BP I d i g i t a l  t ape 

X-band 

9 2 5 0  MH z 

2 5 0  Kw 

Pha se l ocked to S-band 

0 . 2 5 ll S  

1 . 1° 

Logar ithmic 

- 1 1 0  dbm 

8 0  db 

Digita l  l inear power 
averaging 

1 ll S  ( aver age of 5 
0 . 2 5 lJ S  b i n s ) 

1 0 2 4  

1 6 0 0  BPI d ig i t a l  tape 
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with the po s ition o f  the storm c el l s  on the PPI plot at 

1 8 4 5  GMT . T he plot for 1 9 3 7  GMT shows that a cluster o f  

strong reflec t ivity cel l s  located i n  the central port ion 

of the raingage network pas sed through the Snyder area , 

although no data were available within 2 5  km of  the radar 

s ite because o f  the range delay . The rain fall pattern 

during the per iod 1 9 3 0-1 9 4 5  GMT ver ified that a heavy rain 

band pas s ed through thi s area , producing more than 0 . 8 0 

inch within 1 5  minutes at two station s . The radar P P I  

plot for 1 9 4 8  GMT and the corresponding prec ipitation 

pattern had s imilar shapes and po sition . The rain band 

s truc ture per s i sted unti l  2 01 8  GMT , maintain ing the same 

appearance in the prec ipitat ion pattern . The rainfall 

intensity decrea sed rapidly after 2 01 5  GMT , although the 

rain fall area remained in the central portion o f  the 

raingage network . The PPI  plots show that the echo area 

became more widespread later , but that refl·ec t ivity value s 

weakened . The precipitation analys i s  and d ig ital PP I 

plot s ,.,ere in good agreement on this po int . The satel l ite 

visible data showed increases in the percent cloud cover 

and in the area covered by the brighte st clouds ear ly in 

the study period , reaching maximum value s near 2 01 5  GMT , 

a s  was observed in the prec ipitation pattern . The area o f  

high cloud tops seen in the infrared satell ite radiance 

data also  changed fo llowing the behavior of  the prec ipi

tation oattern . A more detailed d i scuss ion o f  this 



compar i son is inc luded in the next subsection . 

4 . 1 . 2 . 4 Vis ible and Infrared Radiance Data 
Comb ined with Rainfall Records 

The latitude and longitude coord inates of each 

ra ingage station have been located in the satell ite 

rad iance data arrays . After plotting the ra ingage data , 

isohyetal patterns were c·onstructed in the trans formed 

coordinate system for comparison with the rad iance data . 

6 7  

Note that the re ference coordinate system was selected to 

be the rectangular array o f  visible satel lite radiance 

data . 

The rain began in the interval 1 8 3 0-18 4 5  GMT , as  wa s 

shown in Figure 4 -3 . The sequence of  diagrams in F igure 

4 - 6  shows the rel ative loc ation o f  c loud albedo , cloud 

top temper ature and the rain area . Note that only the 

colde st isotherms are shown in any given frame in F igure 

4 - 6 . The diagram at 1 8 4 5  GMT shows that the most intense 

rain area was located under the br ighte s t  and coldest 

c loud top s within which the c loud albedo was larger than 

0 . 6 3 and the corresponding c loud top height was above 

1 3  km . More than 0 . 5  inch of rain had occurred within the 

previous 15 minutes . A strong rain band along a line from 

Snyder to Big Spring formed soon after the rain began , and 

is the rain band detec ted in the PP I radar plots of Figure 

4 - 5 . The maximum prec ipitation occurring within the rain 

band wa s located under c louds with either high albedo or 
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high tops , or both .  The rainfal l intensity increased 

sharply a fter 1 91 5  GMT when the c louds over the ra ingage 

network developed tops to approximately 1 4 . 5  km and the 

area o f  albedo greater than 0 . 6 3 increased considerably . 

The precipitation peak wa s reached j u s t  before 2 0 0 0  GMT . 

Meanwhil e , at 2 01 5  GMT the raingage network wa s totally 

covered by bright and high-topped c louds with albedo s 

over 0 . 6 3 and top he ights above 1 5  km . The PPI  digital 

radar analys i s  a l so ind icated that the reflectivity 

qradient s within the rain band became quite sharp , 

attaining value s greater than 5 5  dBz at thi s  t ime . The 

rainfall intens ity decreased rapidly after the precipi-

tat ion peak and little precipitation wa s recorded after 

2 2 0 0  GMT .  In addition , the bright cloud area decreased 

and the c loud top s became lower , as seen in the sequence 

7 1  

o f  satel l ite visible and infrared data fo llowing 2 1 1 5  GMT . 

Finally , the PP I digital plots indic ated the rain band 

structure broke up and re flectivities we akened after 

2 1 1 4  GMT . 

4 . 1 . 3  Sma l l -scale Features 

4 . 1 . 3 . 1  Di scuss ion o f  M- 3 3  Radar 
RHI cro s s  section s 

RHI plots of the M- 3 3  data at 1 9 4 2  and 2 01 8  GMT are 

analyz ed in thi s  discus s ion , and compared with both 

satellite-derived cloud top he ights and rain fall data . 



The se times were sel ected bec ause several part icularly 

interesting clouds were pre sent in the study area 

7 2  

(Figure 4 -7 ) . Three different cro s s  section s  through the 

s torm cells of intere st at 1 9 4 2  GMT are cons idered in this 

discu s s ion , while four at 2 0 1 8  GMT are discus sed . 

The RHI plots for 1 9 4 2  GMT were taken along the 

az imuth angles 2 0 0° , 2 3 5° , and 2 4 2° with re spect to 

Snyder . Figure 4 - 8  shows the i sohyet pattern for the 

period 1 9 4 5 - 2 0 0 0  GMT , upon which line s are drawn marking 

the three cro s s  sections to be presented in the RHI radar 

plot s . The cro s s  section along the l ine AA '  in F igure 4 - 8  

shows the vertical struc ture o f  a typical i sol ated s torm 

(F igure 4 - 9 ) . A strong 5 0  dB z reflectivity center was 

loc ated 5 3  km from the radar s ite . I f  the commonly used 

z�R rel at ion ship , z = 2 0 0  R1 • 6 ( Roger s ,  1 9 7 6 )  i s  employed 

to infer an approximate rain fall intens ity , one obtain s 

about 0 . 4 8  inch within 1 5  minutes .  The actual rain fal l 

measured at the raingage along thi s  c ro s s  section was 0 . 3 1  

inch within the same time , good agreement considering 

that a dif ferent Z -R relation might be appropriate or that 

evaporation bel ow the c loud base may have occurred . The 

cloud top hei ghts estimated from the satel l ite infrared 

dat a and soundings at B ig Spring varied from 1 3  to 1 5  km .  

In addition to the actual estimated he ight s , the cloud top 

es timate s which would result from c loud top temperatures 

errors o f  3 C have been shown in order to provide a 

me asure o f  the unc ertainty ( seen to be approximate ly 



F igure 4 - 7  Enhanced v i s ible 9ictures at 1 9 4 5  and 2 0 1 5  
GMT on 8 Ju ly 1 9 7 7 . The color s corre spond 
to albedo as fol lows : red , 0 . 2 4 - 0 . 4 3 ;  
blue , 0 . 4 4 - 0 . 6 2 ;  ye llow , 0 . 6 3 - 0 . 7 9 ;  
black , 0 . 8 0 - 1 . 0 0 
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Figure 4 -8 Isohyet pattern for the per iod 1 9 4 5 -2 0 0 0  GMT 
8 July 1 9 7 7 . The dashed l ine is the i so hyet 
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contoured with a thresho ld of 0 . 1 inch 
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7 6  

1 km )  in c loud top height as soc iated with what i s  o ften 

cons idered to be a reasonable estimate of the error in 

c loud top temperature measurements . The minimum 

detectable signal at 1 9 4 2  GMT on 8 July was 3 0  dBz . 

Therefore , the top of  the precipitation-particl� produc ed 

echo detected by rad ar at 1 9 4 2  GMT was cons iderably below 

the cloud top detected with the satellite infrared data . 

The cro s s  section along the l ine BB ' in Figure 4 - 8  

contained more intense reflectiv ity value s , a s  evidenced 

by a raingage measurement at 3 2  km range o f  0 . 8 0 inch 

within 1 5  minute s ( F igure 4 - 1 0 ) . Cro s s  section BB ' has 

been located directly within the rain band s tructure 

identi fied in the PPI  plots o f  F igure 4 - 5 . As in cro s s  

section AA ' , the satell ite-derived _ c l oud tops remained 

uni form in height along the length o f  the cro s s  sect ion . 

The as sumed Z -R relation gave a rainfall under the intens e  

re flectivity center of  0 . 9 inch over a 1 5 -minute interval .  

The cro s s  section along the l ine CC ' in F igure 4 - 8  

i s  o f  special interest in thi s study ( F igure 4 - 1 1 )  . The 

sate ll ite-der ived c l oud top he ight s varied greatly c lose 

to the radar site and even overlapped the height s 

indicated by the M-3 3 radar . Beyond 3 5  km in range , the 

cloud top heights inc reased to approximately 1 2  km and 

then remained quite level . The apparent error in c loud 

top height c an be explained by the fact that each in frared 

pixel covered a rather large are a , about 5 . 8  x 1 1 . 7  km . 
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7 9  

As a result , the satellite in frared data s imp ly averaged 

away the presence o f  smaller cells  detectable by radar . 

Lmprovement in the spatial reso lution of  satel lite in fra-

red sensors is clearly needed , as thi s case demon strates . 

Nonethe les s , the agreement among the several data sets i s  

qui te acceptable . 

Four RHI cro s s  sections at 2 0 1 8  GMT along az imuth 

0 0 0 0 angles  2 1 1  , 2 2 3  , 2 5 3  , and 2 5 9  are discus sed because 

each of them pas s ed through an inten se storm ( F igure 4 - 12 ) . 

The minimum detectable s ignal at thi s  time was about 

17 dBz , result ing in cons iderably higher radar echo tops , 

reaching 1 3  km ,  than were seen at 1 9 4 5  GMT . The satellite-

derived cloud top heights we re closer to the radar 

r e f lectivity heights at thi s  time because of the smaller 

detectable s i gna l . 

The RHI plot , satell ite c loud top height s and the 

rainfall measurement s a�ong the line DD ' are shown in 

Figure 4 -13 . There were three storm cell s detected by 

the M- 3 3  r adar along thi s cro s s  section , the c loser two 

be ing within the raingage network . The satel lite c loud 

top height s  were quite uniform over the storm cel l s  and 

above the radar reflectivity pattern . However , beyond 

the range o f  the main storm cells the s atell ite cloud top 

heights decreased noticeably . The as sumed Z -R relation 

yielded a 1 5 -minute rainfall of 0 . 1 5 inch under the 

re f lectivity maximum of 4 2  dB z , loc ated 5 5  km from the 
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Snyder radar , compared to 0 . 17 inch recorded by the 

raingage netwo rk .  

8 2  

F igure 4 -1 4  shows the cro s s  section along the l ine 

EE ' in Figure 4 -1 2 . The satellite c loud top height s were 

nearly horizontal and followed c losely the shape of the 

echo tops . The lowe st c loud tops o f  1 3  km were located at 

a range of 6 8  km over a weak reflectivity region , and were 

only 1 km lower than the maximum c loud top heights found 

near a range o f  3 0  km .  The stronge st reflectivity area 

was located between 3 0  km and 4 3  km from the rad ar s ite 

and corresponded to the smal l  storm cell apparent in 

Figure 4 -1 2 . The computed rainfall in thi s case was 0 . 2 0 

inch under the reflectivity s torm cel l , correspond ing to 

a reflectivity of  44 dBz . 

The cross section at an az imuth angle of 2 5 3° i s  

shown by l ine FF ' in Figure 4 - 1 2 . Thi s  l ine pas s ed 

through the mo st intens e  rainfall area at this time which 

was located ins ide the rain band di scus sed earlier 

(Figure 4 �15 ) . The total prec ipitation measured in the 

center of this cel l  over 15 minutes was 0 . 8 9 inch , while 

the reflectivity there was close to 6 0  dBz . The satel l ite

derived c loud heights were quite un i form over the intense 

re flectivity area , but decreased rapidly beyond the storm .  

The satell ite cloud heights and rad ar echo tops again 

overl apped within the intense radar re flectivity cell s .  

However , the overlap wa s within the uncertainty of  the 
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satell ite-derived c loud top he ights . The gr adient of 

precipitation intens i ty under the strong storm cell was 

8 5  

sha rp with the heaviest rain occurring immedi ate ly under 

the intense re flectivity core . The radar reflectivity 

under that strong storm cell was about 5 5  dBz , inferring 

0 . 9 8 inch o f  rain within 15 minute s from the assumed Z-R 

relation . 

One case o f  special intere st is the cro s s  section 

0 along the l ine GG ' , for an az imuth angle o f  2 5 9  . Thi s 

case i s  discus sed here because the most int ense 

reflectivity at thi s time occurred along this line 

(F igure 4 - 1 6 ) . The struc ture was s imiliar to the previous 

case along FF ' .  A strong storm cell with large 

re flectivity grad ients was loc ated 3 5  km from the radar 

s ite . Thi s cross  section was a long the edge of  the rain 

band di scus sed be fore , and shown in F igure 4 -5 . The c loud 

top heights from the infrared radiances varied from 1 1  to 

1 2 . 5  km over two intense storm cell s , but decreased 

rap idly beyond the third storm cell which was located 

about 8 0  krn from the radar . The agreement between the 

s ate l lite c loud top heights and rad ar reflectivity was 

good along thi s cro s s  section . A strong reflectivity 

maximum o f  more than 6 0  dBz wa s loc ated 3 5  krn from radar 

s ite . It i s  probable that heavy rain d id occur under this 

inten se echo which occurred \vithin the raingage network , 

but there was no raingage located exactly along this 
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direction . This example i llustrate s the restrictions 

a s soc iated with interpreting rain fall measurements even 

from a raingage network with rather dense spacing , and 

points to the de sirab i l ity o f  higher resolut ion data 

sourc e s  such as radar or sate l l ite me asurements . 

4 . 1 . 3 . 2  Review of Soundings 

8 7  

Atmo spheric soundings were made a s  part o f  the 

mesoscale program o f  Texas HIPLEX . The measurements were 

made and the data proc e s sed by personnel at Texas A & M 

University .  Temperature , moisture and wind were extracted 

from the soundings at 2 5 -mb interval s ( Scoggins , 1 9 7 7 ) . 

Although the data were avai l able at Midland , Post , 

Robert Lee and Big Spring , only the soundings at 

B i g  Spring are discus sed in thi s  study , because it has 

been determined that , although station- station variations 

did exi st , the temporal changes at a given station were 

more reveal ing . 

Figure 4 - 17 shows the soundings at Big Spr ing on 

8 July . The atmo sphere wa s r ather dry at 15 0 0  GMT , but 

the moisture content then inc reased rapidly unti l  1 8 0 0  GMT . 

The negative area had di sappeared by 1 8 0 0  GMT as the 

surfac e  warmed up , and convective proce s ses  had become 

l ikely . Later in the afternoon , the surface was saturated 

at both 2 1 0 0  GMT and 0 0 0 0  GMT 9 July . By this time maj or 

pr ecipitation events had occurred . The diamond -shaped 

appearance o f  the soundings in the lower layers at both of 
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the se time s i s  clearly evident in Figure 4 -17 . Usual ly , 

unsaturated air and subs idenc e exist in such a region 

beneath an anvil c loud ( Z ipser , 1 9 7 7 ) . The previous 

discuss ions have already pointed out that the thunder-

storms began to diss ipate after 2 1 0 0  GMT on this day , an 

observation which is  consi stent with the above- stated 

condition . 

4 . 1 . 3 . 3  K- index and Prec ipitable 
Water Va lues 

8 9  

A study o f  the rel ationship between various stability 

parameters ( suc h as the Showalter Index , Total Total s ,  

K- index , SWEAT , etc . ) and the occurrence o f  deep con-

vection in the Texas HIPLEX area (Alexander , 1 9 7 9 )  showed 

the K- index to be a good indicator o f  weather conditions 

of interest to thi s study . The K- index is a measure o f  

thunderstorm potential based on the vert ical lapse rate , 

the mo isture content of  the lower atmo sphere and the 

vertical depth o f  the surface mo ist layer . The tempera-

ture di fference between 8 5 0  and 5 0 0  mb is used to 

par ameteri z e  the temperature lapse rate . The 8 5 0-mb dew 

po int temperature provides in formation on the moisture 

content o f  the lower atmosphere . The vert ical extent o f  

the moi s t  l ayer is  indicated by the 7 0 0-mb dew point 

depre s s ion . When the se parameters are combined , the 

K- index i s  expre s s ed as fo llows : 



wher e temper atures are expre s sed in Cel s iu s  degree s .  

The sugge s ted probab ilities of  thunderstorm occurrenc e 

are as fol lows : 

K Value Thunderstorm Probabil ity 

< 1 5  0 %  

1 5  - 2 0  2 0 % 

2 1  - 2 5  2 0  - 4 0 % 

2 6  - 3 0  4 0  - 6 0 %  

3 1  - 3 5  6 0  - 8 0 %  

3 6  - 4 0  8 0  - 9 0 %  

> 4 0  near 1 0 0 %  

Prec ipitable water provides an e stimate o f  the 

maximum amount of rainfall that might occur over the 

target area under perfectly e f f ic ient conditions . The 

amount of prec ipitable water in the atmosphere can be 

expres sed as follows : 

1 JP 0  w = - q dp g p 

9 0  

where W stands for precipitable water , g i s  gravitational 

acceleration , q i s  the speci fic humidity and p is 

pre s sure . The integral can be evaluated by dividing the 

atmo sphere into layers o f  approximately uni form spec ific 

humidities , solving for the se individually and then 

summing . 

The K- ind ice s  and the corre spond in g  suggested 
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thunder storm probabil ities a s  we ll a s  precipitable water 

calculated from the sounding data on 8 July are l i sted in 

Table 4 - 2 . The large K- ind ices , which averaged 3 7  on thi s 

day , indicated that the occurrence o f  thunderstorms was 

highly probable . In fact , strong thunderstorms accompa

nied by heavy rain were c aused by the frontal activity 

whi ch occurred on thi s  day , as discus sed previou s ly . It 

is interesting to note that the variation of the K- index 

with time at Big Spring correlated we l l  with the thunder

storm development . It inc reased toward 1 8 0 0  GMT when the 

rain began and decreased after 2 1 0 0  GMT when the storm 

d i s s ipated . Note also that B ig Spring i s  the only 

sound ing s tation within the raingage network , and was 

located c l o se to the rain band observed in both the 

satell ite imagery and radar PPI display s . The severa l 

items noted here appear to conf irm that the K- index is a 

good indic ator _ o f  weather conditions for the Texas HIPLEX 

area . 

Mo s t  of the values o f  prec ipitable water were gr eater 

than 3 em and even greater than 4 em in some cases . The 

four-station average for 8 July was 3 . 6 4 em , ind ic ating 

that more than ample mo i sture was avai lable on this day . 

The variation o f  precipitable water with time at 

Big Spring fo llowed a pattern s imilar to that of  the 

K- index on this day . The four- station mean value s of  

precipitable water also varied c losely in time with the 



Time 
( GMT ) 

1 5 0 0  

. 1 8 0 0  

2 1 0 0  

0 0 0 0  

1 5 0 0  

1 8 0 0  

2 1 0 0  

0 0 0 0  

Tab l e  4 -2 

K- ind ice s , _ sugge s ted t hunders torm probabi l i t i e s  
and prec i p i table wa ter o n  8 J u l y  1 9 7 7 . 

Midl and Po st 
--

Robert Le e B i g  Spr ing 

K- index Pr ob . ( % )  K-index Prob . ( % )  K - i nd ex Prob . ( % )  K-·index Prob . ( % )  

3 7  8 0- 9 0  4 0  8 0- 9 0  3 7  8 0- 9 0  3 5  6 0- 8 0 

4 0  8 0- 9 0  3 5  6 0-8 0 3 5  6 0- 8 0 4 2  - 1 0 0  

- - 3 5  6 0-8 0 3 6  8 0- 9 0  3 9  8 0- 9 0  

- - 34  6 0-8 0 4 0  8 0- 9 0  3 3  6 0- 8 0 

Pr ec ipitable Pr ec ipitable Precipitab l e  Precipitable 
Water (em ) Water ( em)  Water ( em)  Water ( em) 

2 . 9 5 3 . 7 7 4 . 17 3 . 2 6 

3 . 3 6 3 . 4 4 3 . 8 4 4 . 3 6 

* 
3 . 5 3 3 . 3 7 3 . 8 8 3 . 9 7 

3 . 3 9 3 . 6 5 4 . 1 2 3 . 2 0 

* Sur face to 57 5 mb only 

Four 
Station 
Mean 

3 . 5 4 

3 . 7 5 

3 . 6 9 

3 . 5 9 

\.0 
N 
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pattern of  thunderstorm development and d i s s ipation . 

4 . 1 . 4  S ummary of  8 July 1 9 7 7  

The mo s t  important trigger in this case was the 

passage _ of the fronts through the raingage network and 

the s tudy area . All the synopt ic , subsynopt ic and small

scale  features were a s sociated with the movement of  the se 

fr ont s . 

A precipitation volume of  6 6 , 0 9 5  acre- ft , heaviest 

among four case-study days , was collected from rainfall 

during the hours the front pas sed through the study area . 

A rain band structure was clearly detec table in the 

precipitation and was oriented paral lel to the front . 

Thi s  rain band struc ture was detected both in the M- 3 3  

P P I  di splays at Snyder and in the satel l ite imagery . The 

rain areas , e spec ially the heavy rain area , were located 

under the br ighte st c louds (with a lbedos greater than 

0 . 6 3 )  having the highe st c loud tops ( with c loud tops 

cooler than - S O c ,  correspond ing to a 1 2 -km height ) . 

Two individual times when the rain band pas sed 

through the study area on this day were selected to study 

RHI cro s s  sections of  the M- 3 3  data . In each case , a 

compari son was made between c loud tops in ferred from the 

rad ar echoes and from s ate l lite infrared data . Rain fa ll 

estimate s from a Z-R relat ionship were al so compared to 

tho se recorded by the raingages . The agr eement of  the se 
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two compari sons wa s found to be quite good . 

Small-scale features on thi s  day provided worthwhile 

information on thunder storm deve lopment and d i s s ipation 

as soc iated with movement o f  the fronts . The soundings 

showed that the atmosphere was almos t  saturated and there 

was a large pos itive area for free convect ion at 1 8 0 0  GMT 

when the thunder storms developed . The diamond shape found 

in the sounding at 2 1 0 0  GMT en larged by 0 0 0 0  GMT 9 July , 

and could be as soci ated with the d i s s ipating stage s  o f  the 

thunderstorms . 

4 . 2  Case study o f  2 2  June 1 9 7 7  

Three separate data sets , sate l l ite , radar and 

raingage , were avai l able for study and compari son on thi s 

day .  The fo llowing discu s s ion c oncentrates on the re sults 

of a compo s ite presentation o f  satellite and raingage 

data . The WSR- 5 7  radar at Midl and provided radar infor

mation in the form of prec ipitation patterns near the 

ground . As in the previous case study , synoptic and sub

synoptic feature s are discu s sed on thi s  day . 

4 . 2 . 1  Rev iew of  Synoptic Cond itions 

A high pre s sure center was located over the Great 

Lakes and two s tationary fronts extended from a weak low 

pr es sure center in the Texas Panhandle at 1 5 0 0  GMT on 

22 June (Figure 4 - 1 8 a )  . One front extended through the 
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F igure 4 - 1 8  Surface synoptic chart s  on 2 2  June 1 9 7 7 . 



F igure 4 - 1 8  Continued 



central United States to the Atl antic Oc ean , while the 

other reached towards Canada . The weak low pre ssure 

center di sappeared and both fronts moved s lowly to the 

north , three hours later . Me anwhile , the high pres sure 

c enter remained over the Great Lakes area , and a new one 

developed over Virgin i a .  Over the next s ix hours 

(Figure 4 - 1 8 c  and d )  a slow movement o f  the frontal 

systems continued toward the northeast . 

9 7  

The 5 0 0 -mb pattern a t  1 2 0 0  GMT 2 2  June shows a cold 

region over Louis i ana (F igure 4 - 1 9a ) . The 5 8 2 0  and 5 8 8 0  

gpm contours s teered the flow into the study area from 

c entral Amer ic a . A weak trough pa s s ed through Colorado 

and Ari z ona toward the northern High Plains with warm air 

advection from south of the study are a .  The trough moved 

slowly and the air flow into the study area continued from 

the south at 0 0 0 0  GMT 2 3  June ( F igure 4 - 1 9 b ) . The 

temperature and contour patterns are quite s imilar at the 

times cons idered . 

4 . 2 . 2  Sub synoptic Features 

4 . 2 . 2 . 1  Precipitation Analys i s  

Survey ing the avai lable data from the raingage 

network , the prec ipitation on 2 2  June was separated into 

three per iods for d i s cuss ion : 0 4 0 0- 0 6 0 0  GMT , 18 0 0- 2 0 3 0  GMT 

and 2 0 3 0 - 0 0 0 0  GMT . The rainfall inten s ity increased from 

per iod l to per iod 3 and then decreased rapidly after 



( a )  500 mb 1 2 Z 22 JUNE 1 977 

----- - �--' 

( b ) 500 mb oo z 2 3  JUNE 1 977 

F i gure 4 - 1 9  5 0 0-mb charts on 2 2  June 1 9 7 7 . 
are the same a s  Figure 4 - 2 . 
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9 9  
per iod 3 .  Because both vis ible and infr ared satell ite 

data were available fo r the period from 1 8 0 0  to 0 0 0 0  GMT , 

the analys i s  of rain fall on 2 2  June considered periods 2 

and 3 only . The variation with time of total pr ec ipi

tation vo lume on 2 2  June is shown in F igure 4 - 2 0 .  The 

spatial pattern of total prec ipitation during the period 

from 1 8 0 0  GMT to 0 0 0 0  GMT 2 3  June shows that the ra in fal l  

intens ity inc rea sed from southwest to northeast (F igure 

4 - 2 1 ) . The rainfall d i stribution indicated that most of 

the heavy rain was concentrated in the eastern portion of 

the raingage network ; a maximum rainfall dur ing the 6-hour 

period of  1 . 6 9  inches was recorded south o f  Snyder . The 

analy s i s  .o f raingage data on thi s  day was complicated 

because the heavy rain occurred so close to the eastern 

edge o f  the network . The total surface water generated 

from precipitation during the analysis  period was 

estimated to be 5 2 , 9 8 7  ac re -ft (Haragan , et al . , 1 9 7 9 ) . 

4 . 2 . 2 . 2  Mesonetwork Observations 

An analysis  of surface temperatures ( Scoggins , et al . , 

1 9 7 9 )  showed the passage of  a squall line occurred within 

the study area between 1 5 0 0  and 2 2 0 0  GMT . Temperatures on 

thi s day were noticeably cooler because of the reduced 

surface heating from c loudines s  associ ated with the squall 

line ( s ee F igure 2 - 3  and F igure 3 - 1 )  . The analysis  also 

indicated that centers of  surface m ixing ratio and 

equivalent potential temperature were as sociated with 
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the squall l ine . A stream l ine analysis  for 2 2  June 

(F igure 4 -2 2 )  ind icate s tha t  surface convergence was also 

a s soc iated with the �qual l  l ine . Vertical pro files o f  

mas s  divergence , vertical motion , mo isture divergenc e and 

the horizontal flux of l atent heat energy all  indicated 

that thes e  features were concentrated within the lowe s t  

3 0 0 -mb l ayer . In a study of a squall line which pas sed 

through the mesonetwork of the National Severe storms 

Laboratory { NSSL) , Ogura and Liou ( 1 9 7 9 )  have po inted out 

that the maj or features at low leve l s  ar e s trong inflow 

into the squall l ine in the front and sur face convergence 

a long the wind shift line . They also observed that the 

precipitation rate exper ienced a sharp maximum near the 

surface gust front and precipitation was conf ined to a 

relatively l imited area . Reviewing the precipit ation 

analysis for 2 2  June , the ra in area movement approximately 

fol lowed the rear edge of the squal l line . It is  signifi-

cant that the precipitation observed on 22 June was 

produced by the line o f  convective c louds associated with 

the squall line . 

4 . 2 . 2 . 3  Discu s s ion of Hidland Radar 
PPI Displays 

The National We ather Service WSR- 5 7  radar observations 

from .Hidl and were availab le to veri fy the information 

derived from the sate l lite rad iance data and raingage 

measurement s {F igure 4 -2 3 ) . The precipitation analysis  
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for 2 2  June (F igure 4 -2 0 )  ind icated that rain began at 

1 8 0 0  GMT , reached peak intensity at 1 9 1 5  w�T and then 

decreased until 2 0 1 5  GMT . During this period , most o f  

1 0 6  

the radar echo e s  occupied the wes tern port ion of the 

raingage network . A check o f  ind ividual raingage records 

showed that the secondary maximum o f  rainfal l shown in 

Figure 4 - 2 1  in the wes tern portion of the raingage network 

was as soc iated with thi s  maximum rainfall intens ity 

occurrence . It i s  noteworthy that the primary echoe s 

within that portion o f  the raingage network changed in 

s i z e  and intens ity in phase with the t ime-var iation o f  

rainfall amount .  Figure 4 - 2 0  also showed that the 

rain fall began to increase again at 2 0 4 5  GMT and reached 

another peak at 2 11 5  GMT . Rain continued , but decreased 

in intens ity toward zero by 0 0 0 0  GMT 2 3  June . The 

sequence o f  PPI radar d i splays during thi s  period (Figure 

4 - 2 3  e ,  f ,  g ,  h) shows that the pr imary echoes had now 

moved into the eas tern portion o f  the raingage network 

and study area . Rainfa l l  data for raingages in the 

eastern portion of the network showed maximum rainfa l l  

intensities occurred during thi s  later period . Thus , the 

large i sohyet values found in F igure 4 -2 1  a long the 

eas tern edge o f  the raingage network corre sponded to the 

late a fternoon prec ipitation maximum . As should be 

reasonable to expect , the images o f  vis ible and in frared 

radiance data displayed on the ADVISAR showed this portion 



was covered by both high and bright c louds . 

4 . 2 . 2 . 4 Visible and Infrared Radiance Data 
Combined with Rainfall Records 

107  

From the sequence of  diagrams in F igure 4 - 2 4 , it can 

be seen that much of  the s tudy area was occupied by br ight 

cloud s , larger than 0 . 6 3 albedo , with high c loud-tops 

above 1 0  km .  Note that only the coldest or two coldest 

isotherms are shown in any given frame in thi s figure . 

The prec ipitation analys i s  located the rain ar ea in the 

northwestern corner of the raingage network , near ly 

beneath the br ight and high-topped c louds at 1 8 1 5  GMT . 

The cloud system then moved to the north and , a s  the cloud 

tops grew higher , the area of  bright c loud and high cloud 

top s enl arged . At the same t ime , the rain area enl arged 

and the intens ity became stronger , attaining the precipi-

tation peak for the second per iod of 2 2  June at 1 9 15 GMT 

( F igure 4 - 2 0 ) . The rain intens ity then weakened , as the 

bright and high-topped c loud s  moved out of the ra ingage 

network . By 2 0 3 0  GMT the rain had reached a minimum 

intens ity because the br ight or high-topped clouds had 

left the netwo rk .  

The precipitation intens ity began to increase again 

at 2 0 4 5  GMT . The rain area had now shifted to the eastern 

edge of the raingage network bec ause a new storm cell had 

entered the network from the southeast . Meanwhile , the 

third prec ipitation period of 2 2  June had started and the 
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precipitation maximum recorded at 211 5 GMT was 0 . 5 2 inch 

for the previous 15 minutes . T his peak r a infall can be 

matched to a c loud with vertical development higher than 

1 4  km j us t  beyond the eastern boundary o f  the raingage 

network . The extent of  ·the raingage network i s  quite 

l imited , and it i s  probable that more prec ipitation . 

occ urred under that portion o f  the high cloud-top region 

which was outs ide the network , as the rainfall pattern 

at 2 1 1 5  GMT implies . The prec ipitation de� reased after 

the br ight and high-topped cloud moved and bec ame wide

spread . During thi s  late afternoon period on 2 2  June , the 

pr ecip itation area was still under the high and bright 

c louds , a lthough the rainfal l  intens ity was not as strong 

a s  at the peak o f  2 11 5  GMT . 

4 . 2 . 3  Sma l l - s cale Features 

4 . 2 . 3 . 1  Review of Sound ings 

F igure 4 - 2 5  shows the B ig Spr ing soundings on 2 2  June . 

At 1 5 0 0  GMT there was a smal l  negative area indic ating 

stable cond itions ; but , instabil ity devel oped as the 

surface temperature ro se in the afternoon . The lowe st 

5 0 0-mb layer was nearly saturated and there was a large 

po sitive area and no negative area by 18 0 0  GMT ; free 

convection was now mos t  likely . T he atmosphere had become 

somewhat drier at upper level s and the surface temperatur e 

was cooler by 2 1 0 0  GMT . The increased stab i l ity at this 
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time was a result of  the precip itation observed dur ing 

the preceding several hours .  By 0 0 0 0  GMT 2 3  June unstable 

c onditions were again observed , indicating that sur face 

temperatures had recovered somewhat . 

4 . 2 . 3 . 2  K- index and Prec ipitable 
Water Values 

The K- indi ces calculated from sounding data , the 

corresponding sugge sted thunderstorm probabilities and 

the precipitab le water within the layer from the surface 

to 5 0 0  mb are l i sted in Table 4 - 3 . The values o f  K- index 

were greater than 3 5  in most c ases , and close to 4 0  in 

some instances , with an overall average of 3 6 . The high 

probabil ity of thunderstorm occurrence meant that 

extens ive convective activity was expected on thi s day . 

The average value of precipitable water for all four 

stations on thi s  day was 3 . 8 3 em , even gr eater than the 

3 . 6 4 em average value noted ear lier for 8 July 1 9 7 7 . In 

fact , value s of water vapor remained high in the lower 

layers throughout the day , ind ic ating the presenc e o f  

convective activity ( Scoggins , e t  al . , 1 9 7 9 ) . 

4 . 2 . 4 Summary o f  2 2  June 1 9 7 7  

The synoptic conditions did not provide a strong 

me chanism for the generation of prec ipitation , but the 

pas sage o f  a squall l ine through the study area produced 

prec ipitation on 2 2  June . The rain fall on 2 2  June was 



Time 
( GMT ) 

1 5 0 0  

1 8 0 0  

2 1 0 0  

0 0 0 0  

1 5 0 0  

1 8 0 0  

.2 1 0 0  

0 0 0 0  

Table 4 - 3  

K- ind ice s ,  sugge s ted t hunder s torm probab i l i t i e s  
and pr ecipitable water on 2 2  June 1 9 7 7 . 

Midl and Po s t  Robert Lee Big Spr ing 
--

K-index P rob . ( % )  K- index Prob . ( % )  K- index Prob . ( % )  K- index Prob . ( % ) 

3 6  6 0- 8 0 3 8  8 0- 9 0  3 1  6 0- 8 0 3 1  6 0- 8 0  

3 9  8 0- 9 0  3 4  6 0- 8 0  3 6  8 0- 9 0  3 6  8 0- 9 0  

3 4  6 0- 8 0  3 6  8 0- 9 0  - - 3 5  6 0- 8 0 

3 3  6 0- 8 0  3 9  8 0- 9 0  3 7  8 0 - 9 0  34  6 0- 8 0 

Precipitable Prec ipitab l e  Precipitable P r ec ipitable 
Water ( em)  Water ( em) Water ( em) Water ( em)  

3 . 9 5 3 . 9 6 3 . 4 2 4 . 0 8 

3 . 8 7 3 . 6 9 3 . 9 2 3 . 9 7 

3 . 64 3 . 8 2 3 . 6 9 4 . 0 0 

3 . 5 3 3 . 9 9  4 . 18 3 . 57 

...... 
...... 
0'\ 
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less  inten s e  and per sLs ted fqr a longer time when compared 

\.vith 8 Jul y .  The mechanism o f  precip itation generation on 

this day was quite dLf ferent from that on 8 July , which 

was caused by the pa s sage of front s . 

The s atell ite and radar information showed close 

agreement on the loc at ion of  rainfall . Both data sets 

also showed that the f irst rainfal l peak was produced by 

the cel l s  in the we stern portion of the raingage network , 

while the second rainfall pe ak was produced l ater by ce l l s  

in the eastern portion . 

The sequence o f  diagrams in Figure 4 - 2 4  fo llowed the 

variation o f  precipitation with time on thi s  day . The 

di agrams also showed the loc ation o f  rainfall areas with 

respect to the br ighte s t  and highe st clouds . The rain 

are as , e specially the most intense one s , were loc ated 

under the br ight and c o ld-top clouds , s imilar to the case 

on 8 July . The large albedo area ( greater than 0 . 6 3 )  was 

more narrow on thi s  day , representative o f  the me soscale 

squal l l ine , than the broader pattern of  8 July when the 

ac tivity was generated by the s low-moving fronts . 

The small- scale feature s such as the atmo spheric 

soundings at B ig Spring , the K-index and precipitable 

-..rater values were s imil ar to those on 8 July . A small 

negative area existed in the 2 2  June morning sounding 

and free convection developed as the surface temperature 

rose in the afternoon . However ,  the diamond s hape 
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observed in the lower l ayer o f  the 8 July soundings did 

not appear on thls day . Both the K-ind ices and the 

pre c ip itable water values were as  high as those on 8 July . 

4 . 3  Case Study o f  2 4  June 1 9 7 7  

4 . 3 . 1  Review o f  Synoptic Condi t ions 

A mid- latitude cyclonic system dominated the weather 

over the United States on 24  June 1 9 7 7 . An occluded front 

was loc ated north of the Great Lakes area , whi le fronts 

extended from this point through the central and eas tern 

United State s ( F igure 4 - t6a ) . A trough from Iowa passed 

through Kansas into Texas , north o f  the study area at 

15 0 0  GMT . Both the occ lus ion and trough had disappe ared 

by 1 8 0 0  GMT and the cold front moved c loser to the Texas 

area ( Figure 4 - 2 6b ) . The warm front remained nearly 

stationary while the cold front moved southeastward and 

reached the P anhand le o f  Texas at 0 0 0 0  GMT 2 5  June ( F igure 

4 - 2 6c and d ) . In addition , a l ine o f  instabil ity was 

located between the cold and warm front s at 0 0 0 0  GMT 

2 5  June . The percent c loud cover in the study area 

increased rapidly during the late afternoon on 24 June , 

as discus sed in Chapter 3 ;  thi s occurred as thunderstorms 

which developed to the south moved into the study area . 

The upper level pattern at 12 0 0  GMT 2 4  June showed 

a cold region over the Ari zona area � igure 4 -2 7 a ) . The 

air flow entered the study are a along the 5 8 8 0  gpm contour . 
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By 0 0 0 0  GMT 2 5  June , two 5 8 8 0  gpm contour s had connected 

to form a new east-west contour and air flow passed 

through the study area along this new contour � igure 

4 - 2 7 b ) . A warm area (- 5 C )  located off the western coast 

o f  California at l2 0 0  GMT had moved southward into Mexico 

by 0 0 0 0  GMT 2 5  June . There was a low pres sure center over 

the Texas Panhandl e  area and a trough extended to another 

low pre s sure region over Canada . 

4 . 3 . 2  Subsynoptic Features 
I 

4 . 3 . 2 . 1  Prec ipitation Analys i s  

Only four stations within the raingage network 

recorded rainfal l from 1 8 0 0  GMT to 0 0 0 0  GMT 2 5  June 1 9 7 7  

( F igure 4 - 2 8 ) . The e stimate o f  total prec ipitation for 

this period is 1 , 6 1 7  acre- ft , only 2 %  of what was 

collected on 2 2  June and 8 July . The subsequent 

discussions show that a thunderstorm entered the study 

area in the late afternoon , but did not pass through the 

raingage network . 

4 . 3 . 2 . 2  Discu s s ion o f  Midl and Radar Di splays 
and Satellite Imagery 

The prec ipitation echoes observed by the WS R-57  radar 

at Midl and show that a thunder storm cell moved into the 

study area from the southwest a fter 2l 4 5  GMT (F igure 4 - 2 9 )  . 

There was no apparent thunder storm act iv ity ins ide the 

raingage network during this period . Both v is ible and 
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F igure 4 - 2 9  PPI di splays on 2 4  June 1 9 7 7  from the 
National Weather S ervice radar at Midl and . 
The boundaries are the same as F i gure 4 - 2 3 . 
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in frared satel l ite data o ffered evidence that a thunder-

storm cell migrated into the study area at this time 

� igure 4 -3 0 ) . The vertically-deve loped storm cell with 

cloud top temperatures between -5 0 and - 6 0  C ,  

corresponding to a 1 2 . 5  krn he ight , dominated the study 

area c loud c over in the late afternoon . The c loud cover 

was l arger than 8 0 %  during this period (F igure 3 - l ) . 

4 . 3 . 2 . 3  Me sonetwork Observations 

The me sonetwork sur face temperature data revealed 

that an intense line o f  convective act ivity formed near 

the southwestern corner of the study area a fter 2 1 0 0  GMT 

on 2 4  June ( S cog gins , et al . , 1 9 7 9 ) . Thunderstorm 

ac tivity increased rapidly by 0 0 0 0  GMT 2 5  June and strong 

centers of convergence and d ivergence were observed in 

as sociation with the thunderstorm .  No thunderstorm 

activity was observed by the mesonetwork be fore 2 1 0 0  GMT 

on this day . 

4 . 3 . 3  Sma l l - scale Features 

4 . 3 . 3 . 1  Review of  Sound ings 

The sound ings on 2 4  June were drier compared to those 

on 8 July and 2 2  June (F igure 4 - 3 1 ) . At 15 0 0  GMT a 

sha llow moi s t  l ayer near the surface was capped by a weak 

temperature inversion at 8 5 0  mb with dry cond itions above 

the inversion . As a fternoon temperature s ro se in the 

lower layer s , the opportunity for free convection 
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Figure 4 -3 1  Atmospheric soundings taken at Big Spring 
on 2 4  June 1 9 7 7 . Codes are the same as 
Figure 4 - 1 7 . 



improved. However , the very dry cond itions led to the 

need for considerable lifting be fore the potent ial 

instability could be released. The large negative area 

at 0000 GMT 25 June , for example , required 45 mb of 

lifting above the LCL be fore free convection could take 

place. 

4 . 3 . 3 . 2  K-index and Precipitable 
Water Values 

The K-indices calculated from sound ing data , the 

corresponding suggested thunderstorm probabilities and 

precipitable water value� are listed in Table 4 - 4 . The 

high values of K-index and corresponding thunderstorm 

occurrence probabilities , espec ially during the late 

1 2 8  

afternoon and at the more southerly stations of the study 

area , again indicated that extensive convective activity 

was expected on this day. Most of the precipitable water 

values calculated from the surface to the 500-mb level 

were greater than 3 em on this day. However , the four-

station average precipitable water value o f  3 . 3 7 em was 

substantially lower than the corresponding values for 

either 8 July or 2 2  June. 

4 . 3 . 4  Summary of 2 4  June 1 9 7 7  

The weather features in this case were quite 

different from those on 8 July and 2 2  June. Althoug h a 

thunderstorm d id enter the study area in the late 



Time 
( GMT ) 

1 5 0 0  

1 8 0 0  

2 1 0 0  

0 0 0 0  

1 5 0 0  

1 8 0 0  

2 1 0 0  

0 0 0 0  

Table 4 -4 

K- indices , sugge sted thunderstorm probabilities 
and prec ipitable water on 2 4  June 1 9 7 7 . 

Mid land Post 
--

Robert Lee Big Spr ing 

K-index Prob . ( % )  K- index Prob . ( % )  K-index Prob . ( % )  K- index Prob . ( % )  

3 4  6 0- 8 0  3 3  6 0- 8 0  3 5  6 0- 8 0  2 9  4 0- 6 0  

3 9  8 0- 9 0  3 4  6 0 - 8 0  3 8_ 8 0- 9 0  3 5  6 0- 8 0  

4 0  8 0 - 9 0  3 2  6 0 - 8 0 3 9  8 0 - 9 0  3 5  6 0- 8 0 

3 7  8 0- 9 0  3 3  6 0- 8 0  3 7  8 0- 9 0  34  6 0- 8 0  

Prec ipitable Prec ipitable Prec ipitable Precipitable 
Water ( em) Water ( em) Water ( em)  Water ( em) 

2 . 8 5 3 . 3 1 3 . 8 3 3 . 1 5 

3 . 2 5 3 . 3 0 4 .  07  3 . 1 3 

3 . 2 4 2 . 9 2 3 .  7 9 3 . 0 6 

3 . 3 9 3 . 1 1 4 . 1 5 3 . 4 3 

I-' N 
\.0 



afternoon, no significant synoptic or subsynoptic 

conditions existed to produce rain on this day. Both 

radar and satellite information established that the 

thunderstorm entered the study area, bu� did not pass 

through the raingage network . The soundings were drier 

on this day than for the two earlier cases, the K-index 

remained high and the average precipitable water was 

lower than on 8 July and 2 2  June . 

4 . 4 Case Study of 27 June 1977 

It was seen in Figu�e 3 -1 that the sky was clear 

until 191 5  GMT and that percent cloud cover began to 

increase after 2 01 5  GMT on 27 June . The discussion of 

this day proceeds in a manner similar to the previous 

13 0 

cases, except for the important absence o f  a precipitation 

analysis, because there was j ust 0 . 0 5 inch of rain 

collected at a single station on this day . 

4 . 4 . 1  Review of Synoptic Conditions 

A cold front stretched from the central United States 

through Lake Superior into Canada, while a warm front 

extended into the Atlantic Ocean at 1 5 0 0  GMT (Figure 

4-3 2a) . The fronts moved slowly to the north by 18 0 0  GMT 

and then remained stationary until 2l 0 0  GMT. Over the 

Texas H IPLEX area, clear skies dominated into the early 

afternoon of 27 June . Weather cond itions became unstable 



L 

< a> 

{ b) 

1 3 1  

\ 
./"""' ""' ,.-....-- \ "-.(.02 

"-.../ "" 
15 Z 27 JUNE l9n 

F igure 4 - 3 2  Surface synoptic chart s on 27  June 1 9 7 7 . 
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in the north central United States as low pres sure and a 

trough develop ed behind the cold front and an ins tability 

l ine appeared between the fronts (Figure 4 -3 2 d ) . 

The 5 0 0 -mb pattern at 1 2 0 0  GMT 2 7  June showed the 

5 8 8 0  gpm contour pas s ing through Texas as the air flow 

into the s tudy area occurred along this contour (F igure 

4 - 3 3a ) . There was a weak trough through central Texas 

at 1 2 0 0  GMT which moved slowly eastward by 0 0 0 0  GMT 

2 8  June ( F igure 4 - 3 3b ) . A warm region o f  -5 C temperature 

rema ined s t at ionary we st of the Mexican coast throughout 

the day . No s igni ficant synoptic features occurred within 

the s tudy area dur ing this day . 

4 . 4 . 2 Sub synoptic Features 

4 . 4 . 2 . 1  Discu s s ion o f  Midland Radar D isplays 
and S atellite Imagery 

The Midland WSR-57  radar observed a prec ipitation 

echo which inc reased in s i z e  although it overl apped with 

the ground c lutter after 2 0 15 GMT ( F igure 4 - 3 4 ) . The 

echoes were loc ated in the southwes tern portion of the 

s tudy area , j us t  reaching the southwes t  corner of the 

raingage network . Both the v i s ible and infrared ADVI SAR 

image s s howed that the thunderstorm cel l migrated into the 

s tudy area (F igure 4 - 3 5 ) , conf irming the WSR-5 7  radar 

observations .  The satel l ite and radar d isplay s  further 

showed that the main cell of the t hunders torm d id not 
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( O ) 2045 GMT ( b) 2 1 1 5  GMT 

( C) 2 1 45 GMT ( d) 2 2 1 5  GMT 

Figure 4 - 3 4  PPI di splays on 27  June 1 9 7 7  from the 
National Weather Service radar at Midl and . 
The bound aries are the same as Figure 4 - 2 3 . 
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F igure 4 - 3 5  C loud albedo and c loud top temperatures at 
2 1 1 5  and 2 2 15 GMT on 2 7  June 1 9 7 7 . The 
expl anatory code is given in F igure 4 - 6 . 
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reach the raingage network during the 2 7  June study 

period . The d eep vertical development of this thunder 

storm was identifi.ed by sharp gradients o f  cloud 

brightne s s  and c loud top temperature (he ight ) (see F igure 

3 - 1 0 ) . It is po s s ible that heavy rain may have occurred 

beneath the core o f  the br ight storm cel l with high c loud 

tops , but no raingage data were available for conf irmation . 

4 . 4 . 2 . 2  Mesonetwork Observations 

Sur face temperature fields observed by the me so

network indicated the inf luence o f  the convective act ivity 

in the northwe st part of the study area on the development 

of a minimum temperature region a fter 2 1 0 0  GMT on this day 

( Scoggins , et al . , 1 9 7 9 ) . Also , the patterns o f  

ho rizontal mas s  divergence showed per s istent divergence 

at mid leve l s  throughout thi s  period and areas o f  slight 

sur face divergence occurred in the vicinity o f  the 

observed radar echoe s .  

4 . 4 . 3  Sma ll - scale Features 

4 . 4 . 3 . 1  Review o f  Soundings 

The dry cond itions on 27 June are obvious from 

F igure 4 - 3 6  and indicate a s ituat ion s imilar to that on 

2 4  June . There was a strong temperature inver s ion near 

the surface with dry conditions above at l 5 0 0  GMT on the 

morning o f  2 7  June . The temperature invers ion weakened 
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F igure 4 -3 6  Atmospheric soundings taken at B ig Spring 
on 2 7  June 1 9 7 7 . Code s are the s ame as 
Figure 4 -17 . 



by l 8 0 0  GMT and had disappeared at 2l 0 0  GMT as the 

temperature of the surfac e  and lower layers ro se . The 

13 9 

temperature s above 8 5 0  rob did not vary s ignificantly with 

time and the LCL rema ined near 8 0 0  mb throughout the day . 

A l i fting o f  approximately 7 0  mb above the LCL was 

required for free convection to occur throughout this 

day . 

4 . 4 . 3 . 2  K- index and Prec ipitab le 
Water Value s 

The K-ind ices ,  corresponding thunder storm probabili-

ties  and prec ipitable water c alculated from the sounding 

data are listed in Tab le 4 - 5 . The value s of  the K- index 

were again quite high , averaging 3 5  for all observations 

on this day . The K- index at Midl and inc reased 

s i gni ficantly when the thunder storm moved into the study 

area from the we st after 2 0 1 5  GMT . Prec ipitable water 

total s der ived from the sound ings were lower on thi s 

d ay than any o f  the preceding case study days , averaging 

3 . 14 em . It i s  noteworthy that the average value 

calcul ated at Robert Lee , in the eastern portion of the 

study area , was much le s s  than tho se at the other s tations , 

and that the value s at Midland increased with the 

thunderstorm development over that portion o f  the s tudy 

area . 



Tabl e  4 - 5  

K- ind i ce s , suggested t hunderst orm probabi l it i e s  
and prec ipitable water o n  2 7  June 1 9 7 7 . 

Time Midl and Po s t  Robert Lee B ig Spr ing 
--

( GMT ) K- index Prob . ( % ) K-index Pro b . ( % )  K- index Prob . ( % )  K- index Prob . ( % )  

1 5 0 0  2 8  4 0- 6 0  3 6  8 0- 9 0  3 3  6 0- 8 0  4 3  - 1 0 0  

1 8 0 0  3 2  6 0 - 8 0  3 6  8 0 - 9 0  

--

2 1 0 0  4 1  "' 1 0 0  4 0  8 0- 9 0  - - 3 2  6 0- 8 0  

0 0 0 0  4 0  8 0- 9 0  4 2  "' 1 0 0  2 8  4 0 - 6 0  3 7  8 0 - 9 0  

Prec ipitable Precipitable Precipitable Prec ipitable 
Wat e r  ( em) Water ( em)  Water ( em) Water ( em )  

1 5 0 0  2 . 6 2 3 . 1 8 2 . 7 3  3 . 6 8 
* 

1 8 0 0  2 . 8 9 3 . 1 7 2 . 9 0 3 . 6 6 

2 1 0 0  3 . 5 5 3 . 0 8 - 3 . 1 2 

0 0 0 0  3 . 3 2 3 . 2 4 2 . 9 0 3 . 1 3 

* Surface t o  6 2 5  mb only 1-' 
.1::> 
0 
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4 . 4 . 4  Summary o f  2 7  June 1 9 7 7  

There were no significant synoptic feature s near the 

s tudy area on 2 7  June , a s  observed on sur fa�e and 5 0 0-mb 

charts . Both satel l ite and radar information s howed that 

a thunders torm entered the study area after 2 04 5  GMT , but 

d id not pas s through the raingage network .  The sound ings 

were quite dry , similar to tho se on 24 June . Variation 

of the K- index and precipitable water with time reflected 

the thunderstorm activity ins ide the s tudy area near 

Midl and , where the storm cell pas sed a fter 2 0 4 5  GMT . The 

aver age prec ipitable water , 3 . 1 4 em , on thi s day was the 

sma llest one among four case study days . 

4 . 5  Compar i son o f  the Case Study Days 

Reviewing all the information derived from satellite , 

rad ar and raingage data , the re sults der ived from the 

s ever al observational systems were found to correl ate 

c losely on the four case study d ays . The rainfa ll areas , 

e s pecially those with heavy intens ities , occurred under 

the brighte st and highe st c loud s . Usually , the rainfall  

area was loc ated under c louds with albedo greater than 

0 . 4 4 and c loud tops higher than 10 km , as der ived form 

the satellite data . In a case study on 2 5  May 1 9 7 6  at 

Miles  C ity , Montana , Reynolds and Smith (l 9 7 9 )  conc luded 

that rainfall d id tend to occur under reg ions o f  higher 

albedos (gr eater than 0 . 6 5 )  and colder c loud top s (le s s  
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than - 3 0  C ,  corresponding to about 9 . 5  km in this study ) . 

There were no rain areas found under clouds with a lbedos 

les s  than 0 . 2 4 on e ither 22 June or 8 July . Cumulonimbus 

c louds are usually identi fied as heavy and dens e  c louds , 

with con s iderable vertical extent , in the form o f  a 

mountain or huge towers . In the satel lite rad iance data 

thos e  c louds which were wide spread , with large albedo and 

high cloud tops near the core , could be identif ied a s  

cumulonimbi . The l ate afternoon on 2 7  June was a good 

example o f  thi s  s ituation , when a s torm c e l l  entered the 
! 

study area from the wes t . Cumulonimbu s  clouds were also 

pre s ent at 1 9 1 5 , 1 9 4 5 , 2 0 1 5 , 2115  and 2 1 4 5  GMT on 2 2  June 

as wel l  as 1 9 4 5  and 2 0 15  GMT on 8 July . The cumu lonimbi 

contributed mos t  o f  the cloud cover in these  c ases . Both 

location and intensity o f  the rain fall changed fo l lowing 

the movement and s iz e  variation o f  the cumulonimbus 

c loud s  on 2 2  June and 8 July . 

Comparing the patterns o f  prec ipitation-intens i ty 

variation on 2 2  June and 8 July , the mechani sms o f  

precipitation generation o n  these  two rain days were 

quite different . The synoptic s ituation on 8 July s howed 

that a c old front pas sed through the study area between 

15 0 0  and l 8 0 0  GMT , and then moved out of the study area 

by late a fternoon {Figure 4 - 1 ) . I t  i s  c lear that the 

precipitation resulted from vertical motion caused by 

frontal forc ing on 8 July .  The rain band structure 
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acro s s  the raingage network at l 9l 5 , l 9 4 5  and 2 0l5 GMT on 

8 July established that the l ine of convect ive c loud s 

a s so c iated with the front produced the rain on t his day . 

The rain band occurred underneath bright c louds , having 

albedos greater than 0 . 6 3 .  This area o f  high albedo was 

quite extensive over the frontal zone . 

On 2 2  June , a low pre s sure center was located near 

the Panhandle o f  Texas at 1 5 0 0  GMT with a cold front 

extend ing eastward from the low pre s sure region . By 

1 8 0 0  GMT the low pres sure center had disappeared and the 

front moved eastward far away from the study are a before 

the rain began in the late afternoon . The sur face 

analys is di s cus sed in Section 4 - 2  indicated that a squall 

line pas s ed the study area during the afternoon on 2 2  June . 

Convergence o f  horizontal mas s  and moi s ture occurred with 

the pas s age of thi s  line . In addition , the GOES imagery 

revealed a l ine o f  convective activity moving through the 

s tudy area dur ing the late a fternoon "on 2 2  June . Thus , 

the precipitation on 2 2  June was a s s oc iated with a 

subsynoptic feature . 

The satel l ite-derived c loud top he ights were quite 

uniform and cold over rain areas . The areas of  high c loud 

tops occurred above the high radar reflect ivity �egion , 

except for a few intense narrow convective radar echoes 

which appeared to be averaged away by the low spatial 

reso lution of the in frared radiance data . U sual ly , the 
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s atell ite-derived c loud tops had s hapes similar to the 

echo tops derived from radar , but were smooth. This 

smoothness a l so could be attributed to the spatial 

re solution of the infrared s en s or s . When a 3 C 

uncertainty in c loud top temperature was allowed , the 

1 4 4  

sate l lite-derived c loud tops matched the radar echo tops 

better . 

The heavies t  rain occurred under the mos t  intense 

radar re flectivity , l arger than 50  dBz , at 1942  and 2 018 

GMT 8 July . The Z-R rel at ion used in thi s  s tudy 

permitted approximation of the rain fall  intens ity from 

rad ar re flectivitie s .  The rain band s tructure as soc iated 

with the fronts on 8 July was particular ly noticeable on 

the digital PP I displays at 1 9 1 5 , 1 9 4 2  and 2 01 8  GMT , 

de fining not only the rain area , but also locating the 

region of mos t  intense precipitation . 

The K- index indicated high probabilities of  thunder-

storm occurrence on all  four case s tudy days , although 

the raingage network rec orded l ittle rain on 2 4  June and 

almo s t  no rain on 2 7  June . Thunderstorms did occur in 

the l ate afternoon on both 2 4  and 2 7  June , but the c ore 

of the s torm cells did not enter the raingage network 

between 1 8 0 0  and 2 3 5 9  GMT on t he s e  days a s  they migrated 

into ·the study are a .  

The unstable soundings measured within the target 

area also o ffered strong indic ations for thunder storm 
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oc currence o n  the four case study days . The large 

po s itive areas above the LCL ind icated that cloudy skies 

should dominate the s tudy area during the afternoon after 

sur face temperature rose sharply . However , the very dry 

cond itions on 2 4  and 27 June presented a sub stantial 

barrier to wide spread convect ive activity . As a resul t , 

deep convective development did not occur within the 

s tudy area on the se two days . On both 2 2  June and 8 July , 

however ,  ample mo i sture was available and prec ipitation 

forc ing mechani sms presented themselves . The pass age o f  

the me soscale c onvective l ine o n  2 2  June and of  the 

synoptic s c ale cold fronts on 8 July led to significant 

precipitation events on the two days . 



CHAPTER 5 

SUMMARY AND CONCLUS IONS 

The work described here is a set of case studies o f  

cloud properties and precipitation phenomena in the High 

Plains of Texas . The primary objective of this study was 

to determine the c loud features us ing visible and infrared 

data from geo stationary satell ites , and to veri fy the 

results with radar re flect ivity and precipitation patterns . 
I 

This re search has been conducted to develop analys is 

techniques for Geostationary Operational Environmenta l  

Satell ite ( GOES ) radiance data , while uti l i z ing both 

digital r adar d ata and raingage measurements for verifi-

cation o f  the results . Forty four sets o f  simultaneous 

visible and infrared sate llite data on 22 June , 2 4  June , 

2 7  June and 8 July 1 9 7 7  were sel ected for study . One o f  

the principal results is  the set o f  sate llite-derived 

c l oud propert ies , such as numbers o f  clouds in several 

size categories , brightne s s , albedo , c loud top temperature 

and their relation to the prevailing synoptic situation . 

Comparing the sate llite radiance data and photo-

graphic imagery , the agreement between derived percent 

cloud cover value s  was found to be better t han t he 

isol ated and wide spread c loud count resul t s . This result 

is reasonable because percent c loud cover is an 
1 4 6  
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integrated c loud parameter and should not b e  subj ect to 

as much variabil ity as ind ividual cloud counts . The 

agreement between either i solated or widespread c loud 

number s a s  der ived from the radiance data and accord ing 

to the imagery was better in the middle or late afternoon 

than earl ier . Dur ing the early afternoon hours , higher 

frequenc ies o f  isol ated small c louds occurred , whi le in 

the l ater hours organ i z ation of the convection led to 

fewer clouds o f  larger s i ze s . Because the computer 

summary program treated small c loud s as a s ingle cl oud as 

long as the individual c l ouds were l inked together , at 

even a s ingle point , the computer-based c loud count s were 

underestimated in the early afternoon . Overall , c lose 

agreement exi sted in the number of  c louds and percent 

c l oud cover derived from the two di fferent forms o f  

s atell ite data for the four case study days . 

The percent c loud cover was found to be c lo sely 

rel ated to the weather events on the se four case study 

day s . Percent cl oud cover was large and quite constant 

with time on 2 2  June and 8 July , espec ially during the 

rain fal l  period s . The small percent cloud cover observed 

be fore 2 04 5  GMT on 2 4  June and 2 7  June increased as storms 

entered the study area late on these  two days . 

Synopt ic , subsynoptic and small- scale feature s were 

ut i l i z ed to follow the development of thunderstorm 

activity , as  wel l  as to offer evidence regarding the 
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mechanisms o f  precipitation formation during the several 

c ase study days . Convective clouds caused by the cold 

front , a synoptic feature , on 8 July and c aused by the 

passage of a squall l ine , a mesoscale feature , on 2 2  June 

produced the observed s i gnificant precipitation . There 

were no significant features to c ause rain fal l  ins ide the 

raingage network on 2 4  and 2 7  June , although thunderstorms 

did migrate into the study area in the late a fternoon on 

both days . 

The sequence o f  Figure s  3 - 3  to 3 - 6  indicated tha t  

·the distributions of c loud brightness values could be 

separated into two c at ago ries . For the patterns on bot h  

8 July and 2 2  June the brightne s s  popul at ion modal values 

were located within the cloud region , especially during 

the period when heavy rain was occurring within the 

raingage network . In c ontrast , for t he brightne s s  

distributions o n  2 4  and 2 7  June the cloud brightnes s  

popul ation modes were loc ated in the non-cloud region ; on 

these days little or no prec ipitation was measured . It 

appears that the di stribution o f  vis ible radiance values 

may o ffer a means of identi fying regions of  prec ipitation 

directly from sate l l ite measurements .  

Two source s  of  veri fication for the satel lite-derived 

results were raingage and radar measurements . The heavy 

rainfall s observed on 2 2  June and 8 July occurred under 

tho se high albedo and cold c loud top temperature areas of 
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the cloud system s  present . The cloud top height s derived 

from infrared satellite radiance data and radar echo tops 

showed reali st ic c orrel ations , except for tho se narrow 

high cells which were averaged out by the large spatial 

reso lution of the infrared sensors . The compari sons made 

in this study demonstrate the con s istency of re sul ts 

derived from s ate l l ite radiance measurements with analyses 

of radar and raingage data , thereby e s tabli s hing the 

usefulnes s  o f  s ate l lite data in the absence o f  radar or 

raingage measurement s . 

A number o f  factors indicated that convective 

activity should be expected on each o f  the four case study 

days . The K- index o f  stability wa s large enough to 

predict the l ikely occurrence o f  thunderstorms each day . 

Precipitable water values revealed at least average 

mo isture on all four days , although the 2 2  June and 

8 July totals were noticeably higher . The temperature 

sound ings appeared to po s se s s  sufficient potent ial 

instab i l ity to support convective deve lopment i f  it were 

initiated by low- leve l instabil ity . The critical element 

was found to be a forc ing mechani sm for the prec ipitation 

proc e s s . In the absence of fo rc ing , vigorous convective 

activity did not develop within the target area on 2 4  or 

27 June , a lthough some cumulonimbus d id advect in . 

Further s tudies  are planned to develop obj ective 

method s o f  estimating rainfall from satellite vis ible and 
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infrared data . The estimated precipitation volumes could 

be verified by raingage measurements and digital radar 

reflectivity data . The rainfal l volume es timated by 

sate llite photographic imagery would also be helpful in 

comparison with those de·rived from the digital satel lite 

radiance data . Once established , such a method could be 

applied to thunderstorms outside the raingage network to 

estimate rainfall volume . This i s  the long- term goal of  

the present study . With this deve lopment ,  it should be 

pos s ible to extend the coverage o f  programs such as 

HIPLEX beyond the range of radar and raingage; measurements . 

The present study has demonstrated the reliability of 

satellite radiance data when compared with radar and 

raingage measurements . However ,  the problem of working 

with observations from three sys tems with such dif ferent 

spatial resolution was formidable . The superpos i tion of 

patterns in this study was performed subj ectively by hand . 

Techniques ( Reynolds and Smith , 1 9 7 9 ) which uti l i ze an 

obj ective computer-based approach are becoming available 

and should permi t more ambitious e fforts in the future . 
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