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1. Introduction 

A m a j o r  goal  o f  t h e  m a r i n e  s t ra tocumulus (MSc) segment o f  FIRE i s  t o  
descr ibe and exp la in  t h e  tempora l  a n d  spat ia l  v a r i a b i l i t y  in f r a c t i o n a l  c loud 
cover.  The chal lenge f r o m  a t h e o r e t i c a l  standpoint  i s  t o  c o r r e c t l y  represent  
the mechanisms leading to  the transitions between solid stratus, stratocumulus 
and trade wind cumulus. The development and testing of  models accounting for 
f r a c t i o n a l  c l o u d i n e s s  r e q u i r e  a n  o b s e r v a t i o n a l  d a t a  b a s e  t h a t  w i l l  c o m e  
p r i m a r i l y  f r o m  s a t e l l i t e s .  Th is ,  o f  course ,  i s  one o f  t h e  m i s s i o n s  o f  t h e  
ISCCP. 

There a r e  a number o f  s a t e l l i t e  c loud analysis programs t h a t  a r e  be ing 
undertaken as part  o f  FIRE. One that  has already produced data f rom the FIRE 
MSc experiment is the spatial coherence method (Coakley and Baldwin, 1984). 
This method produces i n f o r m a t i o n  on  f r a c t i o n a l  c loud coverage and c loud 
heights. It m a y  b e  possible, however,  t o  e x t r a c t  m o r e  i n f o r m a t i o n  o n  c loud 
s t r u c t u r e  f r o m  s a t e l l i t e  d a t a  t h a t  m i g h t  b e  o f  use  i n  d e s c r i b i n g  t h e  
t r a n s i t i o n s  i n  t h e  m a r i n e  s t r a t o c u m u l u s  c l o u d  d e c k .  T h e  p u r p o s e  o f  t h i s  
r e s e a r c h  i s  t o  e x p l o r e  p o t e n t i a l  a p p l i c a t i o n s  o f  a c l o u d  a n a l y s i s  s c h e m e  
r e l y i n g  o n  m o r e  d e t a i l e d  a n a l y s i s  o f  v i s i b l e  a n d  i n f r a r e d  c l o u d  r a d i a n c e  
statistics. 

For this p r e l i m i n a r y  study w e  examine da ta  f r o m  t h r e e  days dur ing  t h e  
1987 FIRE MSc f i e l d  work.  These case studies prov ide  a basis f o r  comparison 
and evaluat ion o f  t h e  technique. L a t e r  studies w i l l  i n v o l v e  a m o r e  extens ive 
data set. 

2. Satellite Data Set 

The data used in th is  analysis came f r o m  the AVHRR instrument aboard the 
NOAA po lar  o r b i t i n g  sate l l i tes.  D a y t i m e  passes o f  NOAA-9 over  t h e  eas tern  
Paci f ic  between approximately Z O O  and 40° N were selected for  7 July, 10 July 
and 13 July. A wide variety o f  cloud conditions are represented in these days. 
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A n e a r l y  so l id  s ta tus  deck i s  found on t h e  13th. A w ide  spec t rum o f  broken 
c loud condi t ions i s  found o n  t h e  10th and t h e  7 t h  was choSen because o f  
coincident LANDSAT and SPOT passes on this day. 

Visual (AVHRR Chan. 2, 0.8 pm) and IR (AVHRR Chan. 4, 11 pm) data are 
used, both having a horizontal resolution o f  1.1 km a t  the subsatellite point. 

3. Cloud Classification Method 

Parikh (1977) demonstrated that spectral and textural  features o f  visible 
a n d  i n f r a r e d  s a t e l l i t e  i m a g e s  c o u l d  b e  u s e d  f o r  c l o u d  c l a s s i f i c a t i o n .  
Tournadre and Gautier (1988) have developed a method that uses a set o f  ten 
s p e c t r a l  and t e x t u r a l  parameters  t o  c lass i fy  subscenes accord ing  t o  t h e  c loud 
features that  they contain. 

For the FIRE data the method i s  applied t o  scenes of 512 by 512 pixels. 
Each scene i s  d iv ided i n t o  subscenes o f  8 x 8 pixels.  The t e n  parameters  a re  
then derived f rom the visible and IR data fo r  each subscene. 

There a r e  s ix  spec t ra l  parameters  and four  t e x t u r a l  parameters  der ived  
for each .subscene. The spectral parameters are the minimum, maximum and mean 
f o r  b o t h  v is ib le  and IR channels. The t e x t u r a l  parameters  a r e  based only  on 
the v is ib le  data. They a r e  der ived f r o m  t h e  s t a t i s t i c s  o f  the  d i f fe rences  
be tween adjacent  p i x e l s  w i t h i n  the subscene. The parameters are: t h e  f i rs t  
a n d  s e c o n d  m o m e n t s  o f  t h e  d i f f e r e n c e s  ( t h e  " m e a n  d i s t r i b u t i o n "  a n d  
Vontrast t l ) ,  and the  angular second momentum (ASM) and en t ropy  o f  the  
d i s t r i b u t i o n  o f  d i f fe rences .  The f i r s t  t w o  t e x t u r a l  parameters measure the 
magn i tude o f  the  d i f fe rences  w i t h i n  a subscene w h i l e  t h e  l a t t e r  t w o  t e x t u r a l  
p a r a m e t e r s  a r e  f u n c t i o n s  o n l y  o f  t h e  f r e q u e n c y  d i s t r i b u t i o n  o f  t h e  
differences. 

E a c h  p a r a m e t e r  i s  n o r m a l i z e d  b y  tl7e r e s p e c t i v e  m e a n  a n d  s t a n d a r d  
dev ia t ion  computed over  a l l  subscenes. The set  o f  t e n  normal ized  parameters 
t h e n  d e f i n e s  a " p r o f i l e "  t h a t  m a y  b e  used t o  c l a s s i f y  t h e  subscene.  F o r  
display purposes the ten parameters are ordered as follows: 1-minimum value 
visible, 2 -max imum value vis ib le,  3-mean value vis ib le,  4-mean d i s t r i b u t i o n  
v is ib le,  5-contrast  visible, 6-ASM visible, 7-Entropy vis ib le,  8 -min imum value 
IR, 9-maximum value IR, 10-mean value IR. 

A p r i n c i p a l  component analysis i s  then p e r f o r m e d  on a l l  the  p r o f i l e s  f o r  
a given scene. The method used follows that o f  Jalickee and Ropelewski (1978) 
who developed the technique for classifying atmospheric temperature profiles. 
T h e i r  m e t h o d ,  w h i c h  t h e y  c a l l  T y p i c a l  Shape F u n c t i o n  (TSF)  a n a l y s i s ,  i s  
equiva lent  t o  a r o t a t e d  E m p i r i c a l  Or thogonal  F u n c t i o n  (EOF) analysis. It 
produces a set  o f  independent e igenvectors  or  TSFs t h a t  best  represent  t h e  
various profi les occurring wi th in  the scene. 

A f t e r  t h e  TSFs have been found, each p r o f i l e  is c lass i f ied  b y  f ind ing  
w h i c h  TSF i t  is best c o r r e l a t e d  w i th .  Each subscene i s  assigned a number 
c o r r e s p o n d i n g  t o  t h e  TSF f o r  w h i c h  i t s  p r o f i l e  m a t c h e s  b e s t .  B e c a u s e  
information on the magnitudes of  the variations in the parameters relat ive to  
e a c h  o t h e r  has b e e n  l o s t  i n  t h e  p r o c e s s  o f  n o r m a l i z a t i o n ,  i t  i s  o n l y  t h e  
@*shape1@ of  the prof i le that  matters in the process of classification. 
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The classif icat ion procedure out l ined above was repeated fo r  several 
scenes on a glven day. The TSFs from one scene are not in general identical to  
t h e  TSFs f r o m  a n o t h e r  scene.  T h e r e f o r e ,  i n  o r d e r  t o  c o m p a r e  t h e  
classif icat ions o f  mu l t i p le  scenes, a common set o f  TSFs Is required. Th is  Is 
accomplished by finding which TSFs are most  h igh ly  cor re la ted  and therefore 
probably representative of the same cloud type. The regrouped TSF set consists 
of averages o f  these common types. Each scene is then reclassif ied on the 
basis o f  this new set o f  TSFs. 

4. Results 

The discussion here w i l l  focus on data from 10 Julv 1987. The area chosen 
f o r  analysis (Fig. 1) was selected f o r  i t s  wea l th  o f  

.io). 
1. 

-1L5. -1%. -I*% -in. -In. -11s. 

Figure 1.  
in  the analysis for 10 July 1987. 

Location of the four scenes (bold boxes) used 

different cloud types and 
r a n g e  o f  f r a c t l o n a l  
c loudiness.  Within t h e  
f o u r  5 1 2  x 5 1 2  p i x e l  
scenes that make up the 
a r e a ,  b o t h  o p e n  a n d  
c l o s e d  c e l l  c l o u d s  a r e  
e v i d e n t  (F ig .  2). What  
we seek t o  d e t e r m i n e  
f r o m  this p r e l i m i n a r y  
analysis i s  how we l l  the  
TSF c loud c lass i f icat ion 
scheme can discriminate 
t h e s e  v a r i o u s  c l o u d  
types . 

T h e  r e s u l t s  a r e  
d i s p l a y e d  i n  i m a g e  
f o r m a t  w h e r e  e a c h  
s u b s c e n e  i s  s h a d e d  
a c c o r d i n g  t o  t h e  T S F  
t h a t  I t s  p r o f i l e  m o s t  
c l o s e l y  m a t c h e s .  A 
monochrome rendition of 
t h e  r e g r o u p e d  
classification o f  F ig .2  
is given in Fig. 3. 

There are nine classes in the regrouped classiflcation. The TSFs for 3 of 
these classes are shown in  Fig. 4. Regions o f  unbroken low  c loud are  shaded 
white in Fig. 3 and correspond to  TSF class 1. There appears to be a band that 
is c lear  o f  clouds running hor izonta l ly  in the  lower  ha l f  o f  Fig. 2. F r o m  Fig. 
3 we see tha t  this corresponds t o  class 4. Class 3 occupies a large f rac t i on  
of the upper right quadrant. Examination of Fig. 2 shows that these are partly 
cloudy regions w i th  small cloud sizes. 

The class 1 p ro f i l e  (Fig. 4) has high visible spect ra l  parameters and low  
IR parameters, as expected fo r  rad iat ion f r o m  a so l id  cloud. The tex tu re  
parameters al l  indicate relatively homogeneous conditions. Class 4 has low 
visible and h igh  iR spect ra l  parameters as would be expected fo r  rad iat ion 
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from the ocean surface. The textural pararr&mi Indicate even more homogeneous 
conditions than for the unbroken cloud case (very high ASM and very low 

ent rgpy) .  C lass  3, t h e  - U S  1 small broken cloud cover 
------ cuss3 c a s e ,  h a s  a l o w  
I__ 4 n o r m a l i z e d  v i s i b l e  

60 minimum l i k e  the c lear  
c a s e ,  b u t  h i g h e r  
normalized maximum and 
mean, comparable to  the 
unbroken cloud case. IR 
spect ra l  parameters a re  
midway between the clear 
and unbroken case. What 

0 most  distinguishes th is  
class f rom the other two 
Is the magnitude o f  the 
tex tu ra l  parameters. In 
a l l ,  t h i s  p r o f i l e  

-40 i n d i c a t e s  a s u b s c e n e  
c o n t a i n i n g  some c l e a r  

1 2 3 4 5 6 7 8 9 0  areas  but one t h a t  is  

FIRE JULY x), 1987 
REGROUFED T F S  

40 

20 

- 20 

largely f i l l e d  w i t h  l o w  Figure 4. Profiles of the TSF parameters for three of the inhomogeneous clouds of 
classes in Fig. 3.  Class 1 is  solid low cloud, class 3 is small size. small broken cloud and class 4 is clear. 

5. Summary 

The mar ine stratocumulus regime, as represented in the smal l  sample 
examined fo r  th i s  study, contains a sizable number o f  d is t inc t l y  d i f f e r e n t  
c l o u d  types.  We h a v e  d e m o n s t r a t e d  t h a t  a T S F  ana lys is  c a n  o b j e c t i v e l y  
d iscr iminate a number o f  these cloud types on the basis of spectral  and 
spatial statistics. 

One application of this technique that we foresee i s  a description o f  the 
stages t h a t  the c loud layer  Goes through as i t  breaks up. Such a descr ipt ion 
w i l l  help in developing models o f  t h l s  process. Through intercomparisons w i t h  
in s i t u  measurements i t  may be possible t o  re la te  these c loud types t o  the 
therrriodynamic properties of the cloud layer. 

In the future we plan t o  incorporate observations from FIRE aircraft and 
o t h e r  s a t e l l i t e s  in  r e f i n i n g  t h e  technique.  E v e n t u a l l y ,  t h e  T S F  c l o u d  
signatures ident i f ied  in t h i s  study w i l l  be added t o  a TSF data base being 
developed from analyses done with data from various cloud regimes around the 
globe. 
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