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ABSTRACT 

I I 
I I . , . 
1 

I An analysis  of cloud amount c l a s s i f i c a t i on  is  carr ied out on the 

basis of the cloud d i s t r ibu t ion  over d i f f e r en t  regions of the World Oceans 

a t  d i f f e r en t  seasons. The following s a t e l l i t e  based a t l a se s  served a s  

a primary data source f o r  the analysis:  

1. Relative cloud cover a t l a s  by Miller  and Feddes (1971 ), 

2. Charts of Envi ronmental Sate1 1 i t e  Imagery (1 975, 1976), 
1 

3. Cloud nephanalysis a t l a s  by Sadler (1969), I 
4. Cloud nephanalysis a t l a s  over the Pacif ic  Ocean by Sadler, 

1 I 

Oda, and K i  lonsky (1 976). I 
I 

Additional data on cloud types were found from the ship  observations, 

taken during the period of the IGY and the IQSY. 1 I I 1 i 
I To carry out a s t a t i s t i c a l  analysis  of cloud amounts over d i f f e r en t  

regions, trapezoids quasi -equal i n  area were used. Cloud amounts over 

elementary areas of three d i f f e r en t  s i z e s  were compared: 2.5 by 2.5', 

5 by 5O, 10 by 10'. I t  was determined t h a t  f o r  many climatological 

problems 5 by 5' basic area units would be a sa t i s fac tory  resolution;  

this resolution i s  qu i t e  su f f i c i en t  f o r  the examination of the cloud 

d i s t r ibu t ion  above the World Oceans. 

The following c l a s s i f i c a t i on  is proposed which  groups elementary 

trapezoids in to  f i v e  categories according t o  the values of mean monthly 
I 

cloud amounts ( i n  tenths)  N :  1 I 
I 

A - trapezoids where 0 < N < 0.2; 

B - trapezoids where 0.2 < N < 0.35; 

C - trapezoids where 0.35 < N < 0.5; 

D - trapezoids where 0.5 < N < 0.65; 

E - trapezoids where 0.65 N < 1 .O. 

' I  



' The longest pub1 ished uniform time-series of cloud amount data i 
deduced from sate1 1 i t e  nephanalyses are given by Sadler e t  a1 . (1 976). 

These data cover the years 1965-1972. A comparison of the data presented 

by Miller and Feddes (1971) w i t h  s a t e l l i t e  nephanalysis data by Sadler 

e t  a l .  (1976) shows that  the l a t t e r  data are  1.5 to  1.75 times higher 

in cloud amount than the former despite coming from the same basic 

sate1 1 i t e  observations. The possible causes of these differences are 

analyzed. I t  i s  shown tha t  i t  i s  possible to  calculate the extension 

of Sadler 's  cloud amount time-series using a second-order regression 

curve. 

Annual variations of cloud categories over different  ocean regions 

are  analyzed. I t  i s  shown tha t  over the World Oceans there are  regions 

in which the mean monthly cloud amount categories do not change during 

a year. Mu1 tiyear trends in the global dis t r ibut ion of cloud amounts 

are also analyzed. The data by Sadler e t  a1 . (1976) show tha t  the 

global cloud amount. decreased in the years 1965 to 1972. The amount of 

decrease (1 to  14 percent) depends on the season and the geographic co- 

ordi nates. 

I t  i s  shown that  i t  i s  expedient to  use the beta dis t r ibut ion for  

describing the cloud amount dis t r ibut ion above the World Oceans using 

10 by 10' and larger trapezoids. The beta dis t r ibut ion i s  superior to  

other distributions investigated since i t  i s  versat i le ,  bounded a t  both 

ends (0.1 ), and i s  capable of assuming a wide variety of shapes. A 

prel imi nary analysis demonstrated tha t  the mean monthly cloud amounts 

over adjacent 10 by 10' trapezoids, in most cases, can be considered 

unrelated quantit ies.  In smaller trapezoids (2.5 by 2.5', 5 by 5') 



the monthly mean cloud amounts in the adjacent trapezoids are  inter-  

dependent. 

Assuming tha t  future successful cloud climatology monitoring meth- 

ods must be fu l ly  automatic, questions related to  cloud amount analyses 

using sate1 1 i t e  a1 bedo and emitted flux measurements are  discussed. 

Prel imi nary resul ts  concerning the interrelat ion between cloud amount 1 
I 

and satell i te-based albedo and emitted radiation are  promising. A 

number of more defini te  studies are  underway. 
I 
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1 .0 INTRODUCTION 

The evaluation of mean cloud cover from s a t e l l i t e s  may seem, a t  

f i r s t  s ight ,  t o  be a straightforward and easy task t o  perform. However 

(1978) pointed out tha t  the accuracy demands of different  cloud clima- 

tology appl ications are  frequently higher than the existing sate1 1 i t e  

cloud data se t s  are  able t o  guarantee. 

I t  i s  possible to  divide s a t e l l i t e  global cloud climatologies 
I 

into three groups according to  the aim: I 

1) Investigations i n  support of other space and research programs, 

fo r  which cloud information may be of key significance; 

2) Research i n  computer model 1 i ng of physical processes in the 

real atmosphere; 

3)  Studies i n  tracing processes i n  the general circulation of 

the atmosphere and investigatfons of climatological varia- 

tion of cloud cover. 

For the greater part  of the tasks of the f i r s t  group, i t  i s  not 

usually necessary to  determine a l l  of the physical and geometrical 

cloud cover parameters; e.g. in remote sensing missions to  determine 

the Earth's resources the cloud amount over certain areas i s  the 

decisive parameter in determining the probability of a "clear 1 ine of 

sight".  Nevertheless, there ex is t s  a large number of problems (e.g. 

the determination of global energy and moisture budgets, cloud model- 

1 ing in general circulation studies e t c . )  where a1 1 cloud climatology 

parameters are needed. The STRATEX Program AD HOC Working Group 

(meeting i n  Boulder; 29 November - 2 December 1976) recommended tha t  

, Smith 

the fol lowing cloud climatological parameters should be monitored from 

space: 



1) global and temporal series of cloud amount; 

2) cloud top heights; 

3) cloud types; 

4) H20 phase in clouds; and 

I 
5) diurnal, seasonal, interannual as well as spatial variability. 

It must be pointed out that the spatial resolution of the satel- 

lite sensors plays a crucial role in determining cloud geometry para- 

meters. 

A review of the currently available cloud climatologies is given 

in a report by Suomi , et a1 (1 977), . as we1 1 as in Smith (1 978). 

The main limitation of the available cloud climatology data is its 

non-comparability and the lack of accuracy; i.e. currently available 

cloud data do not approach the sampling and accuracy requirements suit- 

able for climate diagnostic and modelling applications. 

Considering the range of potential users of satellite cloud clima- 

tology data, as well as the growing available data amount, we agree 

completely with the statements made by Smith (1978) ; Harris and Barrett 

(1978) that the future successful cloud cl imatology monitoring methods 

must be fully automatic. An important future goal is deriving a special 

compressed set of i rradi ance (s hort-wave and 1 ongwave) i nfocmation about 

sufficiently small grid areas as basic units and in a form from which 

the necessary cloud parameters can be derived. Several attempts have 

been made to work out special algorithms for cloud climatological 

Parameter detection. Techniques include: 1 ) Mu1 ti -dimensional radiation , 
histograms , see e. g . Mosher (1 976), Smi th (1 978), and Fei gel son and I 

Krasnokuts kaya (1 978) ; 2) B i  -spectral methods, see Reynolds and Vonder 

Haar (1976, 1977), and   en do la and Cox; 3) Combination of brightness 



and tex tu re  measurements, see Har r i s  and Ba r re t t  (1 978). However, ! 

there i s  no t  y e t  a wel l  documented technique which s a t i s f i e s  the 

accuracy demands o f  c loud c l  imatol og ica l  studies. Therefore, the 

J o i n t  Organizing Committee o f  the FGGE st rong ly  supports the research 
I 

and special f i e l d  programs aimed t o  improve the  parameterizat ion o f  , 
cloudiness informat ion i n  terms of s a t e l l i t e  r ad i a t i on  measure,ments. 1 

I n  t h i s  paper a j o i n t  e f f o r t  by s c i e n t i s t s  from Colorado State 

Univers i ty ,  Fo r t  Co l l i n s  (T. H. Vonder Haar, S. K. Cox, E. A. Smith, 

G. G. Campbell, D. DeMasters) CIRES, Un ive rs i t y  o f  Colorado, Boulder 

(E. Steiner) ,  I n s t i t u t e  o f  Oceanology, Leningrad (K.  S. S h i f r i n ) ,  

I n s t i t u t e  o f  Astrophysics and Atmospheric Physics, Tartu (0. A. Avaste, 
.. 

0. U. Karner) was s ta r ted  t o  solve some o f  the problems connected w i t h  

the ?a te l  1 i t e  cloud c l  imatology: 

1)  Inves t iga t ion  o f  the p o s s i b i l i t y  o f  c l ass i f y i ng  cloud amounts 

on the basis o f  d i s t r i b u t i o n  over d i f f e r e n t  regions and seasons. 

2) Est imation of the accuracy o f  a general and simple mathematical 

descr ip t ion o f  the world-wide cloud amount d i s t r i b u t i o n ,  which can be 

used i n  long range weather forecast ing as a boundary condi t ion.  

3) Determination of the s i ze  of an elementary basic area, which 

gives a s u f f i c i e n t l y  de ta i l ed  desc r ip t ion  o f  the cloud c l imatology 1 
! 

processes which we are studying. 

4) Comparison o f  e x i s t i n g  s a t e l l i t e  cloud c l imatology data sets 

and an est imat ion o f  t h e i r  accuracy. 

5) Detection o f  mul t i -year  trends i n  global d i s t r i b u t i o n  o f  

cloud amounts. 

6) I nves t iga t ion  o f  the use o f  r ad i a t i on  data from Nimbus-3 (1969- 

1970) and from NOAA sate1 1 i t e s  (1974-1977) f o r  r e f i n i n g  the cloud 
t 

' r . . 
t I 



climatology parameter estimates. 

7) Carry out a detailed analysis of cloud variabil i ty and to 

study cloudiness-radiation relationships over the GATE A-scal e 

area (5's - 20'~; 50°W - loow). 



2.0 CLOUD AMOUNT DISTRIBUTION ESTIMATES ABOVE 
THE WORLD OCEAN (60°N TO 60's) 

Fol lowing i s  a discussion of the possi b i  1 i t y  o f  c l ass i f y i ng  cloud 

amounts on the basis o f  d i s t r i b u t i o n s  over d i f f e r e n t  regions and sea- 

sons. Cloudiness i s  estimated over trapezoids o f  10x1 0". Three-digi t 

ind ica to rs  o f  these trapezoids coincide w i t h  the numbers given i n  the 

Handbook o f  Ship Observations (1974) : the f i r s t  d i g i t  denotes the 

octant, the  second d i g i t  s i gn i f i e s  l a t i t ude ,  the t h i r d  one ind icates  

longi tude (see Figure 1 ) .  The cha rac te r i s t i c  cloud amount i s  given as 

an absolute cloud amount i n  tenths ( i  .e. as a r a t i o  o f  the area covered 

w i t h  clouds i n  the trapezoid t o  the t o t a l  area o f  t h i s  trapezoid). For 

trapezoids which p a r t i a l l y  l i e  over d ry  land on ly  the area above the 

ocean i s  considered. 

2.1 Primary data 

The global a t l a s  o f  r e l a t i v e  cloud cover by M i l l e r  and Feddes 

(1 971 ) and the charts of the  Environmental Sate1 1 i t e  Imagery (1  975 -1 976) 

served as primary data sources for  the fo l lowing analysis.  The a t l as  

~y M i  11 e r  and Feddes (1 971 ) presents cloud cover data f o r  four years 

(1 January 1976 t o  31 December 1970), which are given according t o  the 
I 

observations made aboard the ESSA sate1 1 i tes . Brightness f i e l d s  were 

determined once a day a t  14 h r .  t o  16 h r .  l o ca l  t ime (LT) . Cloud 

amounts were ca lcu la ted from brightness f i e l ds  recorded by AVCS (Ad- 

vanced Vidicon Camera System). Spat ia l  reso lu t ion  i n  the nad i r  d i rec -  

t i o n  was approximately 4 km. An elementary square was approximately 

40x40 km. Brightness f i e l d s  were converted t o  cloud amounts w i t h  the 

help of empir ical  formulae. Cloud cover estimates were computed f o r  





each elementary area us ing  a s e t  o f  e m p i r i c a l l y  der ived  weights.  These 

weights were ad jus ted  by comparing automated cloud-cover amounts w i t h  

manual est imates f rom d a i l y  d i g i t i z e d  sate1 1 i t e  br igh tness  p i c t u r e s .  

Weights were se lec ted  t o  achieve t h e  bes t  agreement i n  c loud amounts 

between manual , v i s u a l  est imates, and automated est imates (Mi 11 e r  and 

Feddes, 1971). I n  t h i s  a t l a s  t h e  cha r t s  o f  mean monthly, semiannual, and 

annual c loud amounts were g iven us ing  9 b r igh tness  steps showing the  

f requencies o f  occurrences of weak c loudiness ( 0  t o  2 octas) ,  medium 

c loudiness ( 3  t o  5 octas)  and heavy c loudiness (6  t o  8 oc tas) .  It 

should be mentioned t h a t  t h e  cha r t s  presented i n  t h e  a t l a s  i n  M i l l e r  

and Feddes (1  971 ) g i v e  expl  i c i  t l y  overest imated values o f  medium c l  oudi - 
ness over snow o r  i c e .  covered reg ions .  

The monthly cha r t s  o f  b r igh tness  o f  t h e  Environmental S a t e l l i t e  

Imagery (1975-1976), represent  t h e  r e s u l t s  o f  measurements from the  

NOAA-4 s a t e l l i t e .  I n  our  analyses we used t h e  cha r t s  based on the  

measurements of a scanning radiometer  i n  t h e  v i s i b l e  spec t ra l  r eg ion  

(0.5 t o  0.7 pm). 

2.2 Cloud amount est imates 
I 

The f o l l o w i n g  procedure was used: from t h e  data of t h e  Environ- 

mental S a t e l l i t e  Imagery cha r t s  t h e  c loud amount was deduced f o r  every 

10x10" r e g i o n  making use o f  an a u x i l i a r y  g r i d .  Th i s  g r i d  was w i t h i n  

t h e  l a t i t u d e  zone of 309 - 60" d i v i d e d  i n t o  3x3 subregions and w i t h i n  

t he  equa to r i a l  b e l t  ( 0  - 30Q) i t  was d i v i d e d  i n t o  5x5 subregions. From 

t h e  br igh tness  data of each subregion t h r e e  c loud s i t u a t i o n s  were 

d i s t i ngu i shed :  "b lack"  means t h a t  t h e  p a r t i c u l a r  subregion i s  c loud-  

f ree ,  "spot ted"  denotes 5 ten ths  o f  c louds and "whi te"  i n d i c a t e s  a I 



continuous cloud cover (10 tenahs). On a discrete day the cloud 

amount was calculated over the whole 10x10" region by averaging cloud 

estimates over these subregions. Using the daily cloud amount estimates 

obtained, histograms were plotted for a l l  months. Histograms were 

smoothed by using the formula 

where f i  i s  the original frequency of the i-th amount of clouds. Such 

a smoothening allows one to reduce the weight of random over- or under- 

estimates. 

The mean monthly cloud amounts were also presented using four-year 

data from the at las in Miller and Feddes (1971 ) . I t  should be mentioned 

that the Environmental Sate1 1 i t e  Imagery charts give cloud amount 

estimates approximately a t  9 hr. LT, the at las data (Miller and Feddes, 

1971) refer to 14-16 hr. LT. Besides measuring errors, differences 

between these two estimates are also caused by daily and annual cloud 

amount variations. According to a limited number of ground observa- 

tions (Karner, 19731, these differences can reach values up  to 0.15. 

Estimates of the daily variations over the trapezoids 01 1 , 01 2 (situated 

near Africa) reveal the same order of values (Burl i tskii , 1976). 

2.3 Classification 

The f i r s t  s ta t is t ica l ly  sound global cloud amount classification 

was proposed in the report by Sherr e t  a l .  (1968). Altogether, 29 

different cloud climatological regions were recommended. I t  must be 



remembered t h a t  these regions were based primarily on seasonal d i s t r i  bu- 

t ions  of mean monthly cloud amounts. Moreover, the pecu l i a r i t i e s  of 

annual cloud cover d i s t r i bu t i ons  as  well a s  those of precipi ta t ion d i s -  

tri buti ons were considered. Five cloud amount categories were deter-  

mined: 1 )  no clouds; 2) 1 t o  3 tenths ;  3)  4 t o  5 tenths ;  4) 6 t o  9 

tenths ;  5) overcast (10 t en ths ) .  The frequencies of occurrence of 

these cloud amount categories were given f o r  a l l  the months a t  e igh t  

times (01,  04, 07, 10, 13, 16, 19, 22 LT); see Sherr e t  a1 . (1968). 

The f ina l  s t a t i s t i c s  f o r  each region was derived from a representat ive 

ground s t a t i on .  Sate1 1 i t e  data - - ...+ , were . . ". used only occasionally. Due t o  

gross overestimates of cloud amound from ground s t a t i ons  as suggested 

by the model ca lcula t ions  of Avaste (1969), Avaste e t  a1 . (1972), and 

Ma1 berg (1973a), s t a t i s t i c a l  estimates in this paper a r e  only comparable, 

with ce r ta in  reservations,  w i t h  t he  data given by Sherr e t  a1 . (1968). 

Our c l a s s i f i c a t i on  i s  based on mean monthly cloud amount values, 

t h e i r  variances and histograms having been taken from data i n  the a t l a s  

by Mi 11 e r  and Feddes (1971 ) and Environmental Sate1 1 i t e  Imagery (1 975, 

1976). As a f i r s t  approximation we divide  cloud amount in to  four 

categories:  A,  B, C ,  D (see  Figures 2-6). The monthly mean cloud , 
amount values a re  given i n  ascending order: 

I I 

A - trapezoids w i t h  mean cloud amounts ranging from 0 t o  0.2, /. 

B - trapezoids with mean cloud amounts ranging from 0.2 t o  0.35, 

C - trapezoids w i t h  mean cloud amounts ranging from 0.35 t o  0.5, 

D - trapezoids w i t h  mean cloud amounts more than 0.5. 1 
1 

In case there  is some uncertainty i n  the  determination of the category, 

the assigned category i s  the  one f o r  which the  d i s t r ibu t ion  of lower 

clouds and t h a t  of the  clouds of ve r t i ca l  development a r e  "c loser"  (see  

I 
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Figure 2 Annual variability in cloud amount over the northern half 
of the At1 antic Ocean. 
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Figure  3 Annual v a r i a b i l i t y  i n  c l oud  amount over  t h e  southern h a l f  
of t h e  A t l a n t i c  Ocean. 
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Figure 5 Annual var iabi l i ty  i n  cloud amount over the northern half 
of Pacific Ocean. 
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Figure 6 Annual v a r i a b i l i t y  i n  cloud amount over the southern h a l f  
o f  Pac i f i c  Ocean. 
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Table 1 ) .  The 'lclosenessl' t o  a cer tain dis t r ibut ion i s  estimated using 

the following procedure. Let f i k ( i z l  ... 5; ~=A,B,c ,D)  be the frequency 

of cloud type ( i )  and cloud category ( k ) ,  which can be determined u s i n g  a 

trapezoid i n  which there i s  no uncertainty in the determination of cloud 

category according to  Kravtsova (1 970) and Lobanova (1 966). Noting by 

f i  the frequency of cloud type in a trapezoid containing an uncertainty 

i n  the determination of cloud category, we assign to this trapezoid the 

category (k)  for  which the value max ( f i  - f i  k )  ( for  i = 1.. .5) is a 
I 

mi nimum. 

Fol 1 owing the method of Kravtsova (1 970) and Lobanova (1 966) , we 

used a modified cloud-type classif icat ion,  combining various cloud-type 

categories given in the i r  reports. The classif icat ion scheme i s  given 

be1 ow (values in parentheses indicate the original code numbers) : 
I 

1 - clear  sky (01; 
I 

2 - cumulus clouds (1 t 2 ) ;  

3 - stratocumulus clouds (4  t 5 + 8); 

. 4 - s t ra tus  clouds (6) ;  

5 - heavy weather clouds ( 7  + 9 ) .  

Table 1 gives frequencies of certain cloud-type categories over our 

trapezoids i n  percent. 

Mean values of cloud amount i n  the trapezoids over the five-year 

period were calculated for  a given cloud-type category, using the 

formula 

where i s  the four-year mean cloud amount given i n  the a t l a s  by 

Miller and Feddes (1971) ; 
I 

is the mean annual cloud amount derived 

I 
I 
I I 
I 

L 



I AN,  January AN, July 

Cloud Number 
Cloud lype Cloud Number Cloud Type 

Category 1 2 3 4 5 Category 1 2 3 4 5  

A 1334 12 57 16 1 14 A 6294 9 53 20 3 15 

AS, January AS, July  

Cloud Number Cloud Type Cloud Number Cloud Type 

Category 1 2 3 4 5 Category 1 2 3 4 5  
- 

A 839 9 52 20 2 17 A 88 1 0 4 1  35 6 8 

I ,  January I ,  July 

Cloud Type Cloud Number Cloud Type 
Cloud Number 

Category 1 2 3 4 5 Category 1 2 3 4 5  

A 306 14 59 9 2 16 A - - - - - -  

1 PN, January PN, July 
Cloud Type Cloud Number Cloud Type 

Cloud Number 
Category 1 2 3 4 5 Category 1 2 3 4 5  

A 724 8 41 27 7 17 A - - - - - -  

Table I .  (Page 1 . ) 



PS, January PS, July 

Cloud Number Cloud Type Cloud Number Cloud Type 
Category ' 1 2 3 4 5  Category 1 2 3 4 5  

Northern Hemisphere 

tli n te r  

Cloud Number Cloud Type 
Category 1 2 3 4 5  

Summer 

Cloud Number Cloud Type 
Category 1 2 3 4 5  

Southern Hemisphere 
Winter Summer 

Cloud Number Cloud Type Cloud Number Cloud Type 
Category 1 2 3 4 5  Category 1 2 3 4 5  

Table I .  Distr ibution of d i f fe ren t  cloud types i n  the cloud amount 

categories A ,  B, C ,  D.  



Part of  Cloud - (2) 2 (31 2 
'i 'i Xi 

n 
the Ocean Category 

75-76 75-76 75-76 

Table 2 .  Statistical estimates of cloud amount over the World 

Oceans. 



from the histograms of the Envi,ronmental Sate1 1 i t e  Imagery (1 975, 1976). 

The third column of Table 2 presents these d 2 & a l u e s ,  the f i f t h  column . 

gives T ~ ( ~ )  values. Data i n  Table 2 i l l u s t r a t e  the var iab i l i ty  of mean 

annual and five-year cloud amount values over different  parts of the 

World Ocean: AN denotes the northern half of the Atlantic, AS signif ies  

the southern half of the Atlantic, I designates the Indian Ocean, PN 

indicates the northern half of the Pacific,  PS stands fo r  the southern 

half of the Pacific and C designates the total  t e r r i to ry  of the World 

Ocean between 60°N and 60's. In order to  determine variances in 

cloud amounts, we assumed tha t  the dis t r ibut ion of mean monthly cloud 

amounts will- have an asymtotically normal dis t r ibut ion and the correspond- 

ing variances of monthly cloud amounts are  

'L 

Assuming tha t  the value + 2oi (where 5 i s  the mean monthly cloud 

amount) covers the whole interval of variation of cloud amounts i n  a 

certain cloud amount category, we can calculate the theoretical e s t i -  
i ,  

mates of variances for  every category by using the formula 

2 
The resul ts  of the estimated variances o ( i  = A,B,C,D) are  given in 



the fourth column of Table 2. The variances of cloud amounts on the basis 

of charts of the Environmental Satellite Imagery (1975, 1976) are pre- 

sented in the six.th column. The last column in Table 2 gives the total 

number of observations according to the Environmental Sate1 1 i te Imagery 

(1975, 1976). Table 2 demonstrates that these two estimates of vari- 

ances are essentially different for the cloud amount categories A and 

B. This is probably due to the instability of cloudiness: there might 

exist periodicitles in cloud amounts which are longer than one year. 

The question remains open for further research. 

1 .  

2.4 Approximation --- of the cloud amount distribution above certain 
trapezoids 

Let us examine the procedure of determining histograms of the 

cloud cover above the North Atlantic according to the data of the 

Environmental Sate1 1 i te Imagery (1975-1 976). We have a random vari - 

able distributed in the interval [0;1]. Moments uniquely de- 

termine the distribution function (Kendall and Stewart, 1966). One might 

also expect to find interannual periods in the variability of cloud amount. 

Then the estimates of the moments calculated from the ex- 

perimental data will reveal a certain trend. Sample estimates of the 

moments of the whole population distribution parameters do not appear 

to be the most effective characteristics. Nevertheless, by using these 

moments it is possible to derive a mathematical expression of the 

distribution which satisfactorily describes an experimental sample. 

Approximating the cloud amount distribution over the region which is 

larger than the observation area for the ground observer, the normal 

distribution in the paper by Greaves et al. (1971) was used. A short- 

coming of such an approximation lies in the fact that the symmetric 

normal distribution function is unlimited. Such an approximation will 



give too high weights depending on the values of the variance to the unreal 

values of x < 0, x > 1. In the paper by Fa1 1s (1 974) it was found that the 

best agreement between the empirical and theoretical distributions is given 

by the beta distribution, A comparlson was carrled out using the Kolmogorov- 

Smirnov criterion between various distributions: normal, ZOLD (zero order 

logarithmic distribution), exponential ones as well as the Weibull distri- 

bution and the first and the second kind of the Fisher-Tippett distribution. 

The beta distribution is superior to any of the above mentioned distributions, 

as it is versatile, bounded at both ends (0;l) and it is capable of assuming 

a wide variety of shapes. It should, however, be mentioned that in the paper 

by Falls (1974) the primary data obtained from ground stations and from 

sate1 1 i tes were used simul taneously without any correction factor. As 

pointed out in Avaste (1969) and Avaste et al. (1972), the ground surface 

observations always give overegtimat?~ of cloud amounts and strictly, such a 

joint analysis of both data sets without correction factors, is erroneous. 

Yet the beta distribution is the most convenient one in approximating 

cloud amount distributions over the 10 x 10' regions. One can become con- 

vinced of that when one uses Pearson's method of fitting theoretical dis- 

tri butions. 

In case of any central sample moments m2, mg, m4 the parameter 

2 
'"3 (where 8, = - - , fi2 - ?) indicates the existence of the beta djstribu- 
"2 

tion when K c 0. In our case this condition was fulff lled for all 



cloud amount categories (A, B, C ,  D ) ,  In some cases there are small 

deviations a t  bo th  bounds of the inteval [O,l]. ~ 
The density of the beta distribution i s  given by the formulae 

2 
:'where m i s  the mean value and CJ i s  the variance. Values m 

and 0 approach zero a t  the points x = 0, x = 1 when p > 1 and q > 1 .  

The real cloud amount densities are no t  equal to zero a t  the bounds of 

:: ,\.:;:l,'the interval [O,l] in categories A and D ,  b u t  for all practical pur- 

?::'poses this circumstance i s  no t  too serious a restriction. I t  i s  easy 

yield a sufficiently adequate approximation of the real frequencies a t  

the bounds [O,l] for al l  the cloud amount categories A ,  B ,  C ,  D. I f  
2 2 we replace m and a with the sample estimates x and s (using the data 

on the World Ocean) we can find the parameters p and q .  To compare the 

distribution function I ( ,  



with the empirical function F,(x) (deduced by summing up the histogram 

data for a given cloud category) we used the Kolmogorov-Smirnov crite- 

rion. The values 1 

give estimates of deviations between these distribution functions. 
* 

Critical values Dn = A at the 1 - a = 95 percent confidence level 
a, n 

were found from the asymptotic formula in Tiit,et al. (1977) 

For instance, for the northern half of the Atlantic Ocean we received 

the following Dn values (for categories A, B, C, D respectively): 0.025, 

0.020, 0.017, 0.025. The corresponding critical values A = 0.032, 
a,n I 

0.023, 0.022, 0.025 show that at the 95 percent confidence level our' 

samples could be considered as samples of the beta distribution. The 

parameters p and q have the following values In different cloud amount 

categories: 



2.5 Estimates of correlation 1 
Let us assume that we have sample esttmates of cloud amounts over 

a particular trapezotd and we are interested fn drawing conclusions on 

cl oud-cover conditions over large terrt  tories. The question arises : 

is  i t  allowed t o  use our sample estimates of cloud amounts as indepen- 

dent values? Let us f i r s t  deal with the cross-correlation of cloud 

amount estimates within the 1 imits of one cloud amount category. We 

carried o u t  such an estimate in the summer period above the North 

Atlantic. From the handbook by Kramer (1975) we obtain approximate 

confidence levels t o  test  i f  the correlation coefficients r are 
XY 

practically equal t o  zero. R. Fisher (see e.g. Kramer, 1975) showed 

that for two samples of the normal distribution the parameter 

has a normal distribution for small r values, with the mean value being 

and the variance 



Here n denotes the sample size, p signifies the correlation coefficient 

of the population, r indicates the sample correlation coefficient. Let 

us use the 95 percent confidence level for r and assume that p = 0. 

Then we receive correlation matrices (given in Tables 3-5) of cloud 

amounts over the trapezoids in the summer period for the cloud amount 

categories A, B, C. The corresponding 95 percent confidence level 

intervals of the zero correlation equals - + 0.44 (when n = 92). This 

fact allows us to consider the occurrences of cloud amounts over 

different trapezoids of the same category as independent events. 

2.6 Cloud amount distribution above large marine areas 

By processing the data in the Environmental Sate1 1 ite Imagery I 

I (1975, 1976) ,it is possible to give estimates of cloud amounts over 

large regions, compared with our 10x10" trapezoids. By way of an 

example let us analyze the cloud situation over the latitude belt 60'~ 

to 0' over the northern half of the Atlantic Ocean. The weights on 

different trapezoids are given by special scal ing constants, which take 

into account the relation of an individual trapezoid areas to the area of the 

region for which we need estimates. Figure 7 illustrates the empirical 

density of the cloud amount distribution over the above mentioned part 

of the ocean in the time interval March, 1975 - February, 1976. 

The parameters of the derived beta distribution are p = 10.22, q = 

23.62 and the values of deviations were correspondingly Dn = 0.016, 

A = 0.071. The coincidence of the empirical distribution with the 
a,n 
assumed beta distribution is rather good. 

i I 



CLOUD AMOUNT- x 

Figure 7 Probability density function of cloud amount. Curve 1 shows 
the northern part of the Atlantic Ocean derived from the 
Environmental Sate1 1 i te Imagery (1 975-1 976). Curve 2 shows 
beta distribution. 



Table 3. Correlation matrix of cloud amounts over trapezoids of the 
i 

A category (Summer, 1975). I 



Table 4 .  Correlation matrix of cloud amounts over 

trapezoids of the B category (Summer, 

1975). 

Table 5. Correlation matrix of cloud 

amounts over trapezoids of the 

C category (Summer, 1975). 



2.7 Poss ib i l i ty  of comparing cloud amounts according t o  d i f f e r en t  
authors I 

The cloud amounts c lass i f i ca t ion  (Sherr e t  a l . ,  1968) i s  based on the 

ground-surface and ship  data.  S a t e l l i t e  data were used i n  (Winston, 

1969; Godshall e t  a1 . 1969; Srinivasan, 1968; Lyosakov and Milashenko, 

1974; T i  tov and Go1 ovl eva, 1977 ; Momose, 1975; Abramow e t  a1 . 1976; 

and Ma1 berg, 1973a, 1973b). The global c lass i f i ca t ions  proposed by 

Sherr e t  a1 . (1968) and Winston (1969), a r e  useful a l so  when cloud 

amounts over a l l  the  quadrants of i n t e r e s t  a r e  compared. In the paper 

by Titov and Golovleva (1977) the char t  of the mean cloud amount i n  the 

Northern Hemisphere i n  July ,  1973, and the char ts  of differences i n  

cloud amounts between July  and January a r e  presented. The other above 

mentioned papers carry  out comparisons only over l imited t e r r i t o r i e s .  

I t  should be mentioned t h a t  these estimates of the mean cloud amount 

over a de f in i t e  t e r r i t o r y  show a tendency t o  decrease. As a ru l e ,  the 

l a t e r  estimates a r e  smaller over the same region. This may be ex- I 
I 

plained by the f a c t  t ha t  e a r l i e r  estimates were made using only the / 

ground surface and the  ship data.  The e a r l i e r  s a t e l l i t e  data had too 

small a spa t ia l  resolution.  The tendency i s  qu i te  c l ea r ly  i l l u s t r a t e d  

i n  the paper by Winston (1969). The main d i f f i c u l t y  is  i n  carrying 

out comparisons over d i f f e r en t  scales  of averaging. The following 

papers (Miller and Feddes, 1971 ; Winston, 1969; Godshall e t  a1 . 1969; 

Srinivasan, 1968; Lyosakov and Milashenko, 1974; Titov and Golovleva, 

1977; Momose, 1975; and Malberg, 1973a, 1973b) present char ts  of mean 

cloud qmounts over small regions, which were constdered as  "units ."  

These char ts  give a good visual a id  f o r  tracking cloud assemblies but 

do not give any information on the mutual dependence of cloud amounts 
I 



in adjacent "unit  areas." A t r i v i a l  estimate of cloud amounts over 

larger t e r r i t o r i e s  with the assumption that  there i s  no dependence 

of cloud amounts in adjacent "unit areas" leads to  undeterminable 

errors.  Summarizing the above argument, we point out tha t  i t  i s  impos- 

s ib l e  to  carry out suff ic ient ly  exact comparisons of the published 

data on mean cloud amount values. Crude comparison shows tha t  the 

largest differences in cloud amounts occur in the la t i tude zones 

10-30'~ and 10-30's over the Atlantic Ocean. 
t 

2.8 Summary 

An attempt has been made to  c lass i fy  cloud amount distributions 

over the World Ocean using pub1 ished sate1 1 i t e  cloud amount data. The 

cloud amount distribution was approximated by theoretical distribution 

functions, while the "unit" t e r r i to ry  of averaging was 10xlOO. The 

chosen beta distribution ( the f i r s t  kind of distribution in the family 

of Pearson's dis t r ibut ions)  i s  suff ic ient ly  simple and gives a good 

approximation of sample distribution densit ies over the interval 

Our analysis shows tha t  the following questions must be solved in 

future investigations: 

1. The question, "How i s  the cloud amount classif icat ion used here, 

influenced by daily and longer (more than one year) periodical varia- 

tions?" needs further c lar i f icat ion.  Our analysis shows that  there are 

a t  leas t  some lat i tudes where experimental distribution functions re- 

veal gross differences from theoretical ly predicted values. 

2. The annual trend of cloud amount values near the equator i s  too 

strongly smoothed when "unit" 10 x 10' trapezoids are used. The ef fec t  

of the Gulf stream on cloud classif icat ion i s  also not apparent when 



such a scale of averaging i s  used. To track the above mentioned 
I 

effects more clearly, i t  i s  recommended in future research t o  use 1 

averaging areas of 5 x 5' or smaller. 

3.  Around the latitudes 6 0 ° ~ ,  some trapezoids in the autumn season 

reveal cloud amounts of sizes 0.7 t o  0.8. For a more detailed investi- 

gation, i t  will be reasonable t o  add one more cloud category, E, 

(trapezoids in which cloud amounts are larger than 0.65). 



1 3.0 COMPARISON OF CLOUD AMOUNT DATA I N  THE LATITUDE 

I BELT BETWEEN 3 0 ' ~  and 30's 

I n t r o d u c t i o n  

I n  t h e  prev ious s e c t i o n  t h e  c loud amount s t a t i s t i c s  were i n v e s t i -  

gated us ing  10 x  10' t rapezoids as t h e  bas ic  area. Here we s h a l l  s t u d y  

the  e f f e c t  o f  t he  averaging over such l a r g e  bas ic  u n i t s .  It should be 

noted t h a t  t h e  1967-1970 data o f  c loud amounts used i n  t h e  prev ious sec t i on  

o f  t h i s  r e p o r t  were deduced from the  a t l a s  o f  M i l l e r  and Feddes (1971). 

As i t  was po in ted  o u t  i n  t h e  monograph by B a r r e t t  (1974), t h e  automated 

technique of M i l l e r  (1971) used by M i l l e r  and Feddes (1971), underestimates 

smal l  c loud  amounts s ince  the  v i d i c o n  camera system cannot sense smal l  

amounts o f  smal l  cumulus o r  t h i n  c i r r u s  cloud. M i l l e r  and Feddes c l a i m  

t h a t  t h e  automated c loud amount values a re  a t  l e a s t  as good as those 

t h a t  can be der ived  by an observer from a  s a t e l l i t e  p i c t u r e .  

The quest ion, "How c lose  a r e  bo th  these est imates t o  t he  t r u e  

c loud amount?" i s  s t i l l  open t o  discussion. I s  i t  a t  a l l  poss ib le  t o  

c a r r y  o u t  s u f f i c i e n t l y  exact  comparisons w i t h  t he  nephanalysis data? 

As mentioned i n  t he  paper by Sadler e t  a l .  (1976), t he re  i s  no s a t i s -  

f a c t o r y  "ground t r u t h "  f o r  comparison. Nephanalysis probably  g ives  

an overest imate o f  c loud amount. S i g n i f i c a n t  v a r i a b i l  i ty between t h e  

t o t a l  c loudiness est imates made by o the r  ana l ys t s  was found by Young 

(1967) when he performed a  " t o r n  paper" t e s t .  The mean e r r o r  was one 

oc ta  and the  overes t imat ion  was t h e  g r e a t e s t  when t h e  t o t a l  c loudiness 

was l e s s  than f o u r  octas and t h e  " t o r n  paper p i c t u r e "  resembled a  cumulus 

popu la t ion  t y p i c a l  of t h e  t r o p i c a l  and t rade  wind regime. 

There i s  a  s i m i l a r  overes t imat ion  o f  c loud amount made by ground 

observers due t o  t h e  apparent coalescence of c loud elements near t he  

I 



horizon. The "apparent" cloudiness increases w i t h  increasing zenith 

angle. This overestimation of the cloud amount i s  a lso greatest  w i t h  

cumulus clouds of 4 octas. According to  papers by Avaste (1969), Avaste 

e t  a1 . (1 972), Barnes (1 966), and Ma1 berg (1 973b), the overestimate of 

cloud amount by ground observers is 1-2 tenths (0.8 - 1.6 octas).  

I t  i s  important t o  compare the cloud amounts derived by different  

methods over the same spatial  and temporal scales. This gives us an 

estimate of the discrepancies between the methods and allows us to  use 

different ly deduced temporal ser ies  of cloud amounts t o  analyze the 

mu1 ti-year cloud amount trends. 

3 .2  Data se t s  for  cloud amount comparison 

We shall use the 2.5~2.5' elementary areal averaged cloud amount 
* I  

data deduced from nephanalysis (Sadler, 1969; Sadler e t  a1 . 1976; 1 

Steiner,  1978). Table 6 shows the suggested relationship between "neph" 

categories and cloudiness. The nephanalysis averages are assumed to 

be roughly equivalent t o  "eights", o r  standard WMO octas of cloudiness. 

In the l a s t  column of Table 6 the cloud amount i s  a lso given i n  tenths. 

As can be seen from Table 6 each nephanalysis category of cloudiness 

was assigned an odd numerical value ranging from 1 to  9 (see column 3 ) .  

The f i r s t  a t l a s  by Sadler (1969) gives the cloud amount data for  the 

tropical bel t  between 30's and 30 '~  f o r  the 24 month sample: February, 

1965 to  January, 1967 inclusive. Sadler e t  a1 . (1976), i n  the second 

a t l a s ,  give the mean cloud amounts and daily variances over the Pacific 

for  the nearly complete eight-year period: February, 1965 to  December, 

1972 inclusive. The data sources fo r  the a t lases  (Sadler, 1969; Sadler 

e t  a l .  1976) were operational nephanalyses prepared by the Data Pro- 



Table 6. Suggested relationship between "Neph" categories and cloudiness. 

"Neph" cate ory B (Symbol 

Open (0) 

Mostly open (MOP) 

Mostly covered (MCO) 

Covered (C) 

Heavi 1 y covered (+C) 

Range of cloudiness 
(per cent) 

< 20 

20 - 50 

50 - 80 

> 80 

Assigned 
value 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Approximate cloudiness 
Octas 

0 - 1 
2 
3 
4 
5 
6 
7 
8 
8 

tenths 

0 - 1  

2 - 5  

5 - 8  

8 - 9  

10 



cessing and Analysis Division of the  National Environmental Sate1 1 i t e  

Service (NESS), a division of NOAA. The nephanalyses were hand drawn 

from in terpreta t ions  of photographs from the  vjdjcon cameras of TIROS IX 

and X, ESSA 1 ,3,5 and 7, TTOS-1, NOAA-1 and from the visual channel of 

the scanning radiometer of NOAA-2 sate1 1 i tes .  The t r a n s i t  times of a1 1 

s a t e l l i t e s  pr ior  t o  NOAA-2 were near t o  1400 local time. NOAA-2 which 

was launched i n  November, 1972, had a t r a n s i t  time near 0900 local time. 

The a t l a s  prepared by Sadler,  e t  a l .  (1976) i s  the f i r s t  8-year uniquely 

analyzed cloud data from space. These data were a l so  used in the paper 

by Ste iner  (1 978) t o  derive the  5x5' averaged monthly mean cloud amount 

values over the Tropical Pacific.  Thanks t o  the courtesy of NCAR, we 

were able t o  use, f o r  comparison, the nephanalysis data tape which 

stored the  2 .5~2.5 '  elementary trapezoid data (of monthly mean cloud 

amount values) over the t ropical  be l t  30°S t o  30°N from February, 1965 

t o  July ,  1973. 

For a more deta i led comparison we chose an area from the GATE s a t e l -  

1 i t e  data s e t  (5's - 2 0 ' ~  ; 5 0 ' ~  - 1 0 ' ~ )  as  i t  i s  su i tab le  fo r  the future  

comparison of deta i led radiat ion data and cloud data w i t h  the aim t o  de- 

velop algorithms fo r  determining cloud parameters (amount, height, and 

type) from the radiat ion data (Cox and Kraus, 1975; Smith and Vonder Haar,, 

1976; and Mendola and Cox, 1978). 

3.3 The refinement of cloud amount c l a s s i f i c a t i on  

3.3.1 Assum~ti ons 

We shal l  solve the  problem of estimating the e f f ec t  of the  aver- 

aging sca le  i n  three  steps:  f i r s t  of a l l  we use a s  basic units the 

2.5x2.5' trapezoids from the  data of Sad1 e r  e t  a1 . ( 1976). Then we 



calcula te  , as  i n  the paper by Ste iner  (1 978), the  cloud amounts f o r  5x5' 

trapezoids and a l so  f o r  10x10" trapezoids. To count these trapezoids 

we will make use of the chosen coordinate system, j .e. trapezoid 

numbers as given i n  Figure 1 .  Trapezoid numbers should be deter-  

mined as i n  the Ship Observation Handbook (1974). 

We shal l  use the following two basic assumptions: 

1 )  the optimal d i s t r ibu t ion  function f o r  cloud amounts i s  the beta d i s -  

t r ibut ion (see  Fa1 l s ,  1974); 

2) cloud amounts over elementary trapezoids wil l  have an annual varia-  

t ion ,  i .e. we must consider twelve monthly random cloud amount 

values X ( j  = 1 ,. . .12), over every trapezoid i ( i  1 ,. . . .n). 

According t o  these assumptions we shal l  use a s  primary data random var i -  

ables xi jk ,  where i designates the elementary trapezoid (1 = 1 ,.. .n) , 

j notes the month ( j  = 1 ,  ... 121, and k shows the year ( k  = 1 ,. . .K). 

3.3.2 Class i f icat ion 

For every. k value according t o  the sample mean value the following 

c l a s s i f i c a t i on  should be carr ied out: 

Table 7. Class i f icat ion of trapezoids accord- 

tng t o  the cloud amount values. 

Category Cloud Amount 

A 

B 

c 
D 

E 

In Tenths 

0 6 X i j  c 2 

2 < x i j  c 3.5 

3.5 < X . .  6 5 
1 J 

5 < x i j 5 6 . 5  

6.5 < x i j  ' 10 

In Octas 

0 ( ~ ~ ~ 5 1 . 6  

1.6 < x i j  c 2.8 

2.8 < x 1; 4 i j 

4 < x i j  ' 5.2 

5.2 < x . .  < 8 



3.4 The choice of the area of the basic trapezoid i 
AS was pointed out in part 2.0 of this report the 10 x 10' elemen- 

tary trapezoids were too large for a detailed investigation of the cloud- 

iness over the ITCZ. 
I 

For the detailed analysis of the annual variability of cloudiness 

In the tropical zone we chose the area 10's to 20'~; 50'~ to loow, i .e. 

an area approximately representing the 1974 GATE A-Scale experimental 

region. Figure 8 demonstrates the effect of areal averaging on the 

cloud amount classification from 1965 to 1972. 
i The main conclusion from the comparison of different scales of I 

averaging is that the basic 5x5' units describe with sufficient detail 

the distribution of the Near-Equatorial Maximum Cloud Zone. It should 

be noted, as in Sadler et al. (1976), that this zone has been often 

equated to the ITCZ. However, prior to satellite observations, the ITCZ 

was usually defined as a feature of the pressure and/or wind field with 

I 
the assumption that the pressure trough (the line of "clash of the trades") 

and the Maximum Cloud Zone coincided (Sadler et a1 . 1976). As Sadler (1975) 

I pointed out, this assumption is not valid over much of the tropics and 

it is preferable to refer to the Near-Equatorial Zone of deep convective 

cloudiness as the Maximum Cloud Zone (MCZ) . 
The basic 10x10~ units smooth out the main peculiarities of the 

Near-Equatorial MCZ. It should be mentioned that in the review paper 

by the JOC Study Conference on Parameterization of Extended Cloudiness 

and Radiation for Cl imate Models, Smith (1 978) recommended the use of a 

space resolution for cloud investigation of 250 km. At tropical lati- 

tudes (30'5 - 30'~) 5' longitude is equivalent to 483 km whereas at the 

equator it is equivalent-to 555 km. This means that we will be able to 
-$ k: 

, , > '  



determine global cloud d i s t r ibu t ion  using half of the  spa t ia l  resolution 

recommended by Smi t h (1 978) . 
I 
I 

3.5 The multi-year variat ion of monthly mean cloud amount 

The annual changes i n  t he  years 1965 t o  1973 of the monthly mean 

cloud amount over the  GATE A-Scale area a r e  given i n  Figure 9. Figure 

9 demonstrates t he  wave-like change w i t h i n  the  l a t i t ude  of the Near 

Equatorial MCZ: in January the MCZ 1 i e s  i n  the  l a t i tud ina l  be1 t from 

0 - 5 '~ ;  i n  July - August i t  s h i f t s  t o  the  be l t  5 - 15'~. 

From Figures 8, 9 and 10 i t  is  possible t o  draw some conclusions 

about the changes i n  the cloud amount over the GATE region: 

1 ) the year-to-year var ia t ions  in cloud amount over the GATE region 

fo r  the l a t i tudes  0-5"N a r e  smaller than f o r  the 5-10'~ be l t .  

Note a l so  t ha t  the mean cloud amount i n  the 0-5" be l t  i s  smaller. 

2) I t  i s  typical t h a t  the  corre la t ion of the cloud amounts i n  adjacent 

5x5" trapezoids i s  very high i n  the same la t i tud ina l  be l t .  

3)  In the l a t i tud ina l  be l t  10-20°N cloudiness increases approximately ! 

1 t o  2 octas (from 10°W t o  40°W), i .e. cloud amount increases w i t h  1 
the increasing distance from the coast  of Africa. 

4) In the period from June t o  November ( inclus ive)  cloud amount i n  

the 5-10°N be1 t i s  higher than i n  the  0-10°N by approximately 1-1.5 

octas.  This i s  connected w i t h  the  e a r l i e r  mentioned northward' 

s h i f t  of the  Near-Equatorial MCZ i n  the  summer. 

5) Figure 10 i l l u s t r a t e s  the eight-year (1965-1973) trend of cloud 

amount in the central  area of the GATE region (0-1 O'N, 30-20'~) i 

and a1 so i n  the  1 arger area (10"s-20°N, 40°M-1 OOW). There a r e  two 

main features  i n  these curves: a )  the year-to-year variat ion of 
I 
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Figure 8 Monthly mean cloud amounts over the GATE area averaged over 
the years 1965-1972 I 

a) 10 x ~0' trapezoids I 
b) 5 x 5 trapezoids I 
c) 2.5 x 2.5' trapezoids. 



Figure 9a Monthly mean cloud amount va r i a t i on  over the  GATE a rea  f o r  
t he  years  1965 through 1968 (5  x 5' t rapezo ids ) .  Far key 
t o  shading s ee  Figure 8. I 



Figure 9b Monthly mean cloud amount variation over the GATE area for 
the years 1968 through 1972 (5 x 5' trapezoids). For key 
to shading see Figure 8. 
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cloud amount i n  the smaller area i s  l a rger  than i n  the area 

30°x300. This i s  caused by the va r i ab i l i t y  of the synoptic 

s i tua t ion  i n  d i f f e r en t  years;  b) there  i s  a c l ea r  tendency f o r  the 

monthly mean cloud amounts t o  decrease i n  May t o  October. 

6 )  The analogous decrease of cloud amount a l so  takes place i n  the 

case of the zonally averaged values. In the case of small l a t i t u -  

di nal be1 t s  the year-to-year random changes of zonal l y  averaged 

monthly mean cloud amounts a re  l a rger  than 1 octa ,  therefore ,  i t  

i s  more reasonable t o  study the  multi-year trends i n  l a rger  areas 

(e.g.  i n  30' wide la t i tud ina l  b e l t s ) .  

7)  Figure 11 gives the monthly mean var ia t ions  in cloud amount f o r  

the l a t i tud ina l  zones 60-30°N, 30-OON, 0-30's over the Pacif ic  

Ocean. The cloud amounts i n  the t ropical  zones (0-30°S and 0-30°N) 

a r e  highly corre la ted.  In the  midlati tude zone (30'-60'~)~ the cloud 

amount i s  1-1.5 octas higher and has considerably larger  year-to- 

year var ia t ion.  Higher year-to-year var ia t ions  might be caused 

by the variabil  i t y  of monsoon c i rcula t ions .  

8 )  Figure 12 shows the var ia t ions  i n  the  annual mean cloud amount 

values fo r  the  GATE area and zonal averages: 30-60°N, 0-30°N, 

0-30's and 30's-30'~. These curves seem t o  indicate  t h a t  there  is  
I 

an overall decrease i n  cloud amount in  the years 1966-1 972. I 
I 

Table 8 gives decreases i n  monthly mean cloud amounts in the years 

1966 t o  1972. I t  is worth noting t h a t  during the years 1966-1971, 

so la r  a c t i v i t y  was increasing; monthly mean sunspot numbers increased 

from 20 t o  approximately 110. However, cloud amount data f o r  a longer 

period of time i s  needed before we can have more confidence i n  the 
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I I 
F i gu re  11 Monthly mean v a r i a t i o n s  of c l oud  amount f o r  t h r e e  l a t i t u -  

1 d i n a l  zones over  t h e  P a c i f i c  Ocean. 



Figure 1 2  Va r i a t i ons  i n  t h e  annual mean cloud amount f o r  t h e  GATE 
a r e a  and f o u r  zonal averages .  



Table 8. Decrease of yearly and seasonal mean cloud amounts i n  different  regions in 

the years 1966 t o  1972. 

Reg i on 

O0-10°N, 3O0-20°W 
GATE 

1 O0S-30°N, 4O0-1 OOW 

Zonal average 3O0-60°N 

Over the e n t i r e  Pacific 

Decrease of cl oud amount ( in  percent) 

Yearly mean 

14 

7 

8 

9 

April-September 

16 

14 

9 

11 

October-March 

12 

1 

7 

8 



hypothesis t h a t  to ta l  cloud amount decreases i n  the years t h a t  so la r  

a c t i v i t y  increases. 

3.6 Comparison of Sad le r ' s  and Miller  and Feddes' 1967-1970 data 

According t o  the cloud categories described i n  Section 3.3.2, 

the nephanalysis data of February, 1965 t o  July ,  1973 was used t o  draw 

the mean annual var ia t ion char ts  f o r  a l l  trapezoids i n  the 30"s-30°N 

zone. The amounts a r e  given i n  Figures 13-17, according t o  the  c lass-  

i f i c a t i ons  given in  Table 7. 1 
Comparison w i t h  Sad le r ' s  data ( see  Figures 2-6) show large d i s -  

crepancies i n  cloud amounts. Sadler ' s  data nearly always gives cloud 

amounts one category higher than Miller  and Feddes' data.  Another i m -  

portant d i f ference i s  t ha t  Sadler ' s  data indicates many trapezoids in which 

the annual var ia t ion of cloud amount is so small t ha t  the cloud amount does 

not change through the  year. See, e.g. trapezoids 014, 015, 016, 021, 

022 in the  North At lant ic ;  502, 512, 513 i n  the South Atlantic;  709, 808, 

805, 826, 225 i n  the  Indian Ocean; 102, 107, 207, 206, 205, 204, 203, 112, 

113, 117, 217 i n  the North Pacif ic ;  601, 602, 603, 604, 605, 606, 611, 
I 

612, 613, 617, 717, 624, 625, 626, 627, 727 i n  the South Pacific.  

In shor ter  periods the annual var ia t ion could have the  same peculi- 

a r i t i e s  and the  ovbrall p ic ture  does not change too much. Figure 18 pro- 

vides an i l l u s t r a t i o n  based on Sadler ' s  a t l a s  (1969) and presents the 

average annual var ia t ion (1966 and 1967). When one compares Figure 18 

with Figure 13, one can conclude t ha t  i n  the years 1966 and 1967 the 

cloud amount over the Northern At lant ic  (0-30'~) was higher than the 

eight-year average. The only exception i s  the trapezoid 021 where in  



ATLANTIC NORTH 
0-30' N 

Figure 13 Monthly mean c loud amounts (1965-1 973) derived from neph- 
I analys is f o r  the northern A t l a n t i c  Ocean (0-30°N). 
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ATLANTIC SOUTH 
0-30" S 

Figure 14 Monthly mean cloud amounts (1965-1973) der ived from neph- 
analysis f o r  the  southern At1 a n t i c  Ocean (0-30°s). 

I 
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INDIAN OCEAN 
20°N - 30°S 

Figure 15 Monthly mean cloud amounts (1965-1973) derived from neph- 
analysis f o r  the  Ind ian Ocean ( 2 0 ' ~  - 30's). 

I 
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PACIFIC NORTH 
0-30°N 

F igu re  16 Monthly mean c loud  amounts (1965-1973) de r i veg  from neph- 
ana l ys i s  f o r  t h e  no r the rn  P a c i f i c  Ocean (0-30 N) .  
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PACIFIC SOUTH 
0-30° S 

Figure  17 Monthly mean c loud amounts (1965-1973) derive! from neph- 
ana l ys i s  f o r  t he  southern P a c i f i c  Ocean (0-30 S ) .  
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February of 1966-1967, the cloud amount was l e s s  than the mu1 t i -year  

average. The annual var ia t ion of cloud amount can be described i n  more 

de ta i l  i f  we incorporate 5' x 5' trapezoids. Figure 19 i l l u s t r a t e s  

the  annual var ia t ion of cloud amount i n  the subregions of 10' x 10' 

trapezoids a s  given i n  t h i s  depiction: 

~ W 

The reader should note i n  Figure 19 t h a t  the subregions a r e  ordered from 

top to  bottom and i n  an e a s t  t o  west arrangement, hence 300s indicates 

the southern 5' x 5' trapezoids. Noticeable differences i n  the 

var ia t ion of annual cloud amount can only be seen i n  the l a t i tud ina l  

be1 t 0-1 OON (e.g. f o r  trapezoids 300, 000, 001 , 002, 003 and 004). In 

t h i s  zone, i n  the summer season, cloud amounts g rea te r  than 65% a re  

present (June-July). The region 10°-300~ can be described using the 

10x10~  trapezoid data (compare Figures 19 and 13).  Using the  same 

four-year data' base (1 967-1 970), Sad1 e r  e t  a1 . (1 976) compared t he i r  

cloud amount estimates over the Pacif ic  Ocean with those of Miller and 

Feddes (1971 ) . They pointed out t h a t  the pat tern  of cloudiness and the  

posit ion of the maximum and min imum areas o r  zones of cloudiness a r e  

i n  good agreement, but cloud amount values d i f fe red  consistently.  The 

values given by Sadler e t  a l .  (1976) were, on the average, 1 octa 

higher. The maximum difference of more than 1 octa was observed i n  the  

near-equatorial minimum zone. The difference was l e s s  i n  the maximum 

clpud areas.  Sadler e t  a l .  (1976) pointed out  t h a t  the differences 
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0- 30° 

Figure 19 Annual cloud amount variation at higher resolution (1966 and 
1967) from Sadler's atlas (1969). I 



may be attributed to any one or a combjnation of the following 

factors : 

1) an overestimation of cloud amounts by the nephanalysists (see Young 

1967); 

3 versus column 1 of Table 6); 

2) Sadler's choice of assigned values to the neph categories (see column 

3) Sadler's choice of equating assigned values to octas (see column 3 

versus column 4 of Table 6); 

4)  Mi 1 ler and Feddes' choice of weighting factors, relating brightness 

ranges and cloud amount. 

The objective of our research is to determine the best mean-square 

fit between the two above mentioned data sets and the standard deviations 

in different cloud amount categories (A to E). We compared the monthly 

mean values averaged over the years 1967-1 970 over the North Atlantic. 

Results are illustrated in Figure 20, which gives the data of Sadler et al. 

versus Mi 1 ler and Feddes' data. The best fit was given by the formulae 

where NS is monthly mean cloud amount in octas by Sadler et a1 . (1 976), 
and NMF - the same by Miller and Feddes (1971). Coefficients were al = 

1.95, a2 = -.119. Table 9 summarizes the comparison of Sadler's et a1. 

(1976) data with Miller and Feddes' (1971) data. 
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MONTHLY MEAN CLOUD AMOUNT BY MILLER AND 
FEDDES ( NMF ) (OCTAS) 
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Figure 20 Comparison of Sadler's and Miller & Feddes' monthly mean 
cloud amounts averaged over the years 1967-1970 for the 
northern Atlantic Ocean. 



Cl oud ca t ego ry  
determined by 
S a d l e r  e t  a1 . da t a  

Mean cloud amount 
i n  t h e  given ca tegory  by 
Mi 1 l e r ,  Feddes d a t a  (KMF) 

I 

Standard d e v i a t i o n  a 
N~~ 

Mean cloud amount 
i n  t h e  given ca t ego ry  
by S a d l e r  e t  a l .  d a t a  (Es) 

Table  9. Comparison of Sad l e r  and M i l l e r  and Feddes', d a t a  o f  c loud 

amounts based on t h e  y e a r s  1967-1 970 over  t h e  North A t l a n t i c .  



The comparison c a r r i e d  o u t  i n  t h i s  s e c t i o n  leads t o  t h e  conc lus ion  t h a t  

M i  1 l e r  and Feddes ' data (1  971 ) and Environmental Sate1 1 i t e  Imagery 

data cou ld  be used f o r  extending the  c loud amount tSme se r i es  g iven  

by Sad1 e r  e t  a1 . (1 976). The a lgo r i t hm f o r  t h e  processing o f  t h e  

data i s  g iven  by equat ion (15).  As an example, we c a r r i e d  o u t  t he  

computation f o r  t h e  y e a r l y  mean c loud amount above t h e  c e n t r a l  p a r t  

o f  t he  GATE reg ion  ( 0  - 10' N; 30 - 20' W )  i n  t h e  year  1975 us ing t h e '  

data from Environmental S a t e l l  i t e  Imagery. The r e s u l t  was rs (1975) = 

3.76. Comparison o f  t h e  above value w i t h  t h e  data g iven i n  F igure  9 

shows good agreement. 



I I I 

3.7 Estimation of cloud amount from radiation budget components. 
ii 

In the above discussion, different cloud estimation techniques have been 

compared. We found systematic differences between them, although the 

spatial variation was consistant. Another estimation technique is to 

assume a linear relationship between cloud amount and albedo Eq. (16). I 

A = a1 bedo of some region around e,$ at time t 

A, = surface albedo in region 

N = cloud amount in region 

= cloud albedo in region 

I 
The above equation could be used to estimate cloud albedo or cloud amount. 

, Below we discuss a comparison between a set of albedo measurements 
1 

and cl oud amount measurements. Only time averages (monthly) were avai 1 - 

able so Eq. (16) must be time averaged to Eq. (17). This requires 

I 
where the overbar indicates a monthly average. In addition, there is 

an underlying assumption that cloud amount and cloud 'albedo are uncor- 

related in time. This is certainly not always true, but for a first 

approximation it is a .reasonable assumption. No time over1 ap between 

albedo measurements and cloud measurements was available so a clima- 



tological comparison was made. An 8-year time average (1965-1972) of 
I 
I 1 ' 

Sadler's cloud amount was used i n  accordance w i t h  average albedo data 

measured by a ser ies  of NOAA-Satellite Scanning Radiometers in the 

.5 t o  .7 um band pass (see Gruber, 1977). The data are  available 

for  the period 6/74 to  2/78 on a 2.5' by 2.5' grid. There are some sys- 

tematic errors in both these data se t s ,  however, they are  of the same 

order of error as our time average assumption. I 
Figures 21a and 21b show sca t te r  plots of a l l  the corresponding a l -  

bedo and cloud amount estimates over the ocean fo r  the month of March. 

1 The ocean was chosen because i t s  surface albedo i s  uniform, as opposed 
I 
I to  land regions. These sca t te r  plots show a l inear relationship, however, 

extrapolating to  zero cloud amount implies tha t  the surface albedo i s  

negative. This indicates that  Eq .  (17) i s  no t  applicable to  the whole 

cloud amount range. The sca t te r  plots do show a l inear relation around 

.4 cloud amount.. 

A more detailed analysis of each 2.5' la t i tude zone shows moder- 

a tely high correlation coefficients between albedo and cloud amount 

(Table 10). A two parameter l eas t  squares f i t  was performed on the data 

generating the other values in the table. These resul ts  are interesting 
I 

b u t  not def ini t ive because of the biases i n  the measurements and non' 

over1 appi ng measurement periods. 
I 

The correlations between emitted flux and cloud amount were also 

examined (Figs. 21c and 21d and Table 11). F i rs t  the regions with s t ra tus  

cloud were removed. Again moderately high correlations (.7 to  .8) were 

found b u t  t h i s  might be explained by the high correlations between 

emitted flux and a1 bedo (=.9). The use of both emitted flux and a1 bedo 
1 
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f o r  c l oud  amount es t ima t i on  requ i res  s tud ies  o f  h i ghe r  space and t ime 

r e & I  u t i o n s  . 
A number o f  more d e f i n i t i v e  s tud ies  a re  underway. We a re  comparing 

Nimbus-3 measurements of albedo f o r  about s i x  months o f  1969 and 1970 

w i t h  t he  c l oud  amounts. Th i s  has t he  advantage t h a t  simultaneous measure- 

ments a r e  a v a i l a b l e  and t h a t  a  minimum albedo was recorded. Th i s  w i l l  

a l l o w  us t o  es t imate  c l oud  a1 bedo d i r e c t l y .  

Another s tudy us ing  SMS-1 GATE r a d i a t i o n  measurements (Smith and 

Vonder Haar, 1976) w i l l  be used t o  es t imate  t h e  accuracy of the  t ime 

average t rans fo rma t i on  from Eqs. (16)  and (17) .  These da ta  have h igh  

r e s o l u t i o n  i n  space ( 4  x  4  m i l e s )  and t ime ( h o u r l y ) .  Cloud amounts w i l l  

be est imated by count ing  4 x  4 m i l e  samples above des ignated th resho lds  

i n  t he  r e f l e c t e d  and em i t t ed  counts. The e f f e c t  o f  averaging over d i f -  

f e ren t  space scales (2.5' x 2.5' , 5' x  5O, and 10' x  l o 0 )  on c l oud  

amount est imates and on a1 bedo c loud  c o r r e l a t i o n s  w i l l  a l s o  be examined. 

If Eq. (17)  i s  found t o  be reasonably a p p l i c a b l e  and i f  t h e  c l oud  

albedoes from t h e  Nimbus-3 s tudy a r e  reasonably accurate, c l oud  amounts 

w i l l  be est imated over t he  NOAA Scanning Radiometer per iods .  Th i s  would 

extend t h e  c l oud  amount t ime s e r i e s  begun by Sadler,  and M i l l e r  and 

Feddes t o  1978. Also, t h i s  technique w i l l  a l l o w  ex tens ion  i n t o  t he  

f u t u r e  us ing  t h e  TIROS-N and GOES data (see Vonder Haar, 1978). 



3.8 Summary 

The analysis carrted out in this section showed that; 

1 ) In many appl ted cl inatology problems it i s  peasonable to use 1 
5' by 5Q bssic area unftsj this resolutjon f s  sufficient for detailed 

examination of global cloud distributions. 

2) The longest uniform time-series of cloud amount data deduced from 

sate1 1 i te nephanalysis (Sadler et a1 . , 1976) shows that in the years 
1965-1972 global cloud cover decreased. The amount of the decrease 

depends on the season and the geographic co-ordinates, ranging from 

1 to 14 per cent, 

3) It is possible to calculate the extension of Sadler's cloud amount 

data time series using the second order regression curve between 

Miller and Feddes -- as well as the Environmental Satellite Imagery 
data . 
4) On the average, the Sadler et a1 . (1976) cloud amount data are 1.50 
to 1.75 times .higher than Miller and Feddes' (1971) and Environmental 

Sate1 1 i te Imagery data. 
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