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ABSTRACT 

used t o  cons t ruc t  t h e  GATE Phase 111 (August 30 - 
r a d i a t i v e  divergence budgets have been descr ibed.  

longwave, shortwave and t o t a l  r a d i a t i o n  f o r  var-  

ious  a r ebs  and time s c a l e s  comprise t h e  end product .  The b a s i c  a r e a l  

u n i t  f r o  which l a r g e r  a r e a  mean va lues  a r e  cons t ruc ted  is  t h e  1 / 2  t 
degrde 1 t i t u d e  by 112 degree longi tude  element. The b a s i c  time u n i t  la 
from whilch longer  temporal means a r e  obtained i s  1 hour. , , , . :  

~ h d  technique involves t h e  compositing of twenty-eight shortwave 

and t w e d t y f i v e  longwave v e r t i c a l  divergence p r o f i l e s  based on SMS-1 

s a t e l l i t l e  d a t a  and synopt ic  da t a .  The model divergence p r o f i l e s  were 

derived from s e v e r a l  r a d i a t i v e  t r a n s f e r  computational r o u t i n e s  wi th  

accommodate t h e  r a d i a t i o n  d a t a  c o l l e c t e d  during t h e  

. I '  . 
~ h d  determinat ion of cloud top pressure  d i s t r i b u t i o n  from geo- 

s t a t i o n d r y  s a t e l l i t e  11 ilm d a t a  i s  descr ibed ,  inc luding  two types of 

ad justmdnts t o  improve accuracy. The f i r s t  adjustment accounts  f o r  

t he  con(amination of t h e  11 ~.lm s a t e l l i t e  sensor  by t h e  h igh  water va- 

pour cod ten t s  of t h e  t r o p i c a l  atmosphere. The second c o r r e c t i o n  com- 

f o r  t h e  f i n i t e  d i s t a n c e  i n t o  cloud reqyi red  t ~ , a c Q i ~ y ?  yadia- . . 

t i v e  "b ackness". f 8 .  I . ' 

~ i h i b l e  d a t a  from t h e  SMS-1 s a t e l l i t e  have been employed i n  de te r -  

mining he percentage of c loud-free a r e a .  The technique used f o r  de t e r -  

mining h l ea r  th reshold  va lues ,  inc luding  a  sun g l i n t  c o r r e c t i o n ,  is  

descr ibed .  The des igna t ion  of cloud base d i s t r i b u t i o n  as a func t ion  of 

s a t e l l i t e  observed i n £  r a red  r a d i a t i o n  i s  d iscussed .  
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Tables of t h e  longwave, shortwave and t o t a l  radiatPve 

p r o f i l e s  and t h e  cloud top p re s su re  d i s t r i b u t i o n  a r e  given 

of space and time s c a l e s .  Dai ly twenty-four hour mean va l  

sen ted  f o r  n ine  d i f f e r e n t  a r e a s  ranging i n  s i z e  from apprc 

qua r t e r  of t h e  B-scale a r r a y  t o  t h e  e n t i r e  A/B a r r ay .  

Seven d i f f e r e n t  time per iods  a r e  considered f o r  t h e  F 

case  (20 days) ,  a  f i v e  day convect ively d i s tu rbed  cornposit 

f i v e  day convect ively suppressed composite case.  These pe 

( a l l  i n  l o c a l  s tandard time [LST]) 0000-0600, 0600-1200, 1 

1800-2400, 0000-2400, 0600-1800 (daytime),  and 1800-0600 ( 

There a r e  two a r e a l  domains f o r  t h e  Phase I11 mean and the 

cases:  t h e  A/B a r r a y  and t h e  B a r r ay .  Standard devia t ion  

which r ep resen t  e i t h e r  s p a t i a l  o r  temporal v a r i a b i l i t y  a s  

An a n a l y s i s  of t h e  GATE Phase I11 r a d i a t i v e  divergenc 

gene ra l ly  shows l e s s  upper t ropospher ic  divergence and mor 

l e v e l  divergence than previous c l ima to log ica l  es t imates .  

minimum divergence va lue  i n  t h e  900 t o  1000 mb l a y e r  i s  pe 

c h a r a c t e r i s t i c  of t h e  GATE Phase I11 es t ima te s .  x 

The d i f f e r e n c e s  between t h e  e a r l i e r  c l ima to log ica l  es  

presented i n  t h i s  s tudy a r e  due p r imar i ly  t o  t h e  extensive 

upper t ropospher ic  c loudiness  i n  t h e  GATE a r e a ,  t h e  l a r g e  

of t o t a l  p r e c i p i t a b l e  water  vapour (Q 5.1 cm) and t h e  i n c l  

e f f e c t s  of t h e  water vapour p t e s s u r e  broadened continuum i 

r a d i a t i o n  c a l c u l a t i o n s .  
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~ h c /  cloud top  p re s su re  s t a t i s t i c s  compiled i n  t h i s  study confirm 

r e s u l t s  showing a  d i u r n a l  v a r i q f i o n  i n  t o t a l ,  cloud amount 
I ,  

i n  t h e  1200-1800 LST i n t e r v a l .  This  tendency is  s t r o n g e s t  i n  

d is turbed  s i t u a t i o n s  and appears  a l s o  i n  a d i u r n a l  pro- 

cloud top  h e i g h t s  reaching a  maximum pene t r a t ion  . .  i n t o  . t h e  
. . 

oposphere i n  t h e  same s i x  hour per iod .  
, ' ,-$z:l: 1 

L 

B-scale r a d i a t i v e  divergence p r o f i l e s  r e f l e c t  t h e  s a t e l l i t e -  
: I 

diagnosbd cloud s t r u c t u r e s .  The convect ive ly  d is turbed  days show s i g n i -  

f  i c a n t l b  more upper t ropospher ic  longwave divergence and daytime shor t -  

wave cobvergence than e i t h e r  t h e  Phase I11 mean o r  t h e  convect ively 

suppres)sed sample. Conversely, a t  p re s su re s  g r e a t e r  than 400 mb t h e  

e  divergence and shortwave convergence f o r  t h e  d is turbed  days 

n i f i c a n t l y  l e s s  than f o r  t h e  remainder of t h e  Phase I11 period.  

e r  t h e  s i x  hour l o c a l  t ime pe r iods  0000-0600, 0600-1200, 1200- 

1800, dnd 1800-2400 a l l  l a y e r s  of t h e  atmosphere experience a  n e t  rad ia-  

t i v e  ldss of energy, however a c t u a l  r a d i a t i v e  hea t ing  of some l a y e r s  i s  

near  midday. For t h e  convect ively suppressed case  a l l  l e v e l s  

00 mb show hea t ing  f o r  t h e  1000-1400 LST period and t h e  900 t o  

1000 md l a y e r  shows hea t ing  f o r  t he  0900-1500 LST i n t e r v a l .  The t o t a l  

he re  shows a n e t  r a d i a t i v e  ga in  over t he  same s i x  hour i n t e r v a l .  

enhanced convection case  t h e  warming i s  gene ra l ly  confined t o  

-400 11ib l a y e r  and t h e  0800-1600 LST time i n t e r v a l  wi th  no n e t  

of t h e  e n t i r e  t roposphere occurr ing  dur ing  t h e  day. The magni- 

tudes  bf t h e  d i u r n a l  v a r i a b i l i t y  of t h e  h o r i z o n t a l  g rad ien t s  i n  t h e  

r ad i a tkve  divergence f i e l d s  appear adequate t o  expla in  a t  l e a s t  some of 
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t he  d i u r n a l  v a r i a t i o n s  i n  cloud cover and p r e c i p i t a t i o n  re :  

o the r  au thors .  

> ,  A".- 
While t h e r e  a r e  dramatic  d i f f e r e n c e s  between the  d l s t ~  

d i s tu rbed  t ropospher ic  longwave and shortwave daytime compl 

daytime t ropospher ic  t o t a l  r a d i a t i v e  divergence i s  remarka' 

f o r  a l l  observed cloud top  d i s t r i b u t i o n s  during Phase 111. 

time longwave t ropospher ic  divergence has  a  maximum to .min  

of 92 ~ m - ~  [912 mbl-I and t h e  shortwave component has  a  he. 

- 2 
range of 91 Wm [912 mb]-l. However, compensation betweel 

ponents l i m i t s  t h e  daytime t o t a l  r a d i a t i o n  t o  a  range of v, 

on ly  20 wmW2 [912 mb]-I. While i t  is  t h e o r e t i c a l l y  possib.  

-2 
range i n  t o t a l  t ropospher ic  divergence a s  l a r g e  a s  78  Wm 

dur ing  t h i s  20 day period t h e  cloud top d i s t r i b u t i o n s  i n  t l  

were such t h a t  only a  20 ~ m - ~  range i n  t h i s  quan t i t y  was 01 

This  c h a r a c t e r i s t i c  constancy of t h e  daytime t o t a l  troposp'  

gence va lues  i s  a  p o t e n t i a l l y  very  u s e f u l  t o o l  i n  t h e  in fe ,  

maritime t r o p i c a l  s u r f a c e  energy budgets from s a t e l l i t e  da 

, 
I I j l L  

i 
bed and un- 

e n t s ,  t he  

y s t a b l e  

The day- 

lum range 

l y  i d e n t i c a l  

t h e  two com- 

i a t i o n  of 

t o  have a  
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B a r r a y  

erved , 

! r i c  d iver -  
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'3oxes r ep re sen t  numbering scheme used i n  i d e n t i f y -  
ing  s p e c i f i c  a r eas .  

l e a r  sky v i s i b l e  b r igh tnes s  count (SMS-1 s a t e l l i t e )  
s a func t ion  of d i s t a n c e  from t h e  sun g l i n t  cen te r .  

S a t e l l i t e  cloud top  I R  temperature c o r r e c t i o n  a s  a 
func t ion  of t o t a l  p r e c i p i t a b l e  water  f o r  s e v e r a l  
l e v e l s  i n  t h e  atmosphere. 

Percentage t h i c k  cloud as a func t ion  of cloud top  
pressure .  

Comparison of raw SMS-1 I R  equiva len t  temperatures  
with broadband (5-50 m) I R  equiva len t  r a d i a t i v e  
temperatures  observed from t h e  NCAR Sabre l ine r .  
The p a r a l l e l  h o r i z o n t a l  b a r s  correspond t o  t h e  
v i s u a l l y  determined cloud top. 

GATE Phase I11 A/B-scale a r r a y  24 hour mean SW and 
LW convergence p r o f i l e s  compared wi th  t h e  climato- 
l o g i c a l  es t imates  of Dopplick (1972) f o r  June, J u l y ,  
August f o r  10°N l a t i t u d e .  

GATE Phase I11 A/B-scale a r r a y  24 hour mean t o t a l  
convergence p r o f i l e  (SW p l u s  LW) compared wi th  
Dopplick (1972), Katayama (1967a,b) and a c l e a r  
sky c a l c u l a t i o n .  

The r o l e  of c louds i n  modifying t h e  atmosphere's 
r a d i a t i o n  budget i s  i l l u s t r a t e d  by comparing t h e  
GATE Phase I11 A/B-scale a r r a y  daytime LW, SW and 
t o t a l  convergence p r o f i l e s  t o  t h e  c l e a r  sky ca l -  
c u l a t i o n s .  

GATE B-scale a r r a y  cloud top  p re s su re  d i s t r i b u t i o n  
s t a t i s t i c s  and percentage c l e a r  a r e a  f q r  t h e  Phase 
111 mean case  over t h e  time per iods  0000-0600, 0600- 
1200, 1200-1800, 1800-2400 l o c a l  s tandard  time. 

GATE B-scale a r r a y  cloud top p re s su re  d i s t r i b u t i o n  
s t a t i s t i c s  and percentage c l e a r  a r e a  f o r  t h e  f i v e  
day d i s tu rbed  composite case  over t h e  time per iods  
0000-0600, 0600-1200, 1200-1800, 1800-2400 l o c a l  
s tandard time. 
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s e c t i o n a l  view of t h e  A/B-scale a r r a y  f o r  t h e  0600. 
1800 LST period of Day 248. The top po r t ion  of t h ~  
f i g u r e  d e p i c t s  t h e  1000-1400 LST t o t a l  (SW p lus  LW' 
r a d i a t i v e  divergence ( ~ m - ~  [ lo0  mb]-l) and t h e  bot .  
po r t i on  d e p i c t s  t h e  LW component only (n ight t ime 
t o t a l ) .  Also shown i s  t h e  magnitude and d i r e c t i o n  
t h e  h o r i z o n t a l  r a d i a t i v e  divergence g rad ien t  a t  twc 
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phe r i c  (100-1012 mb) daytime t o t a l  divergence (TTD) 
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1 .0  METHODOLOGY 

~ h e l  GARP A t l a n t i c  Tropica l  Experiment (GATE) was performed o f f  

t h e  west) coas t  of Af r i ca  dur ing  t h e  summer of 1974. The r a d i a t i o n  sub- 

programmb of GATE had a s  i t s  c e n t r a l  o b j e c t i v e  t h e  spec i f  i ca t , ion  of t h e  

ve r t i ca l l  p r o f i l e s  of t h e  r a d i a t i v e  divergence.  These r a d i a t i o n  s t u d i e s  

were intended t o  supply "an e s s e n t i a l  f a c t o r  requi red  t o  s tudy t h e  fo r -  

order  t o  avoid misunderstandings concerning t h e  terminology of 
l 

i a t i v e  budget s tudy ,  we s h a l l  de f ine  t h e  terms used t o  repre-  

mation 

vec t ion  

s e n t  t h  r a d i a t i v e  parameters a t  t h e  o u t s e t .  Three s p e c t r a l  reg ions  el 

of t r o p i c a l  clouds and t h e  i n t e r a c t i o n  of t r o p i c a l  cumulus con- 

and t h e  l a r g e r  c l u s t e r  phenomena" (Kraus, 1973).  

a r e  con idered:  shortwave ( .3  urn t o  3.0 pm), longwave (3.0 urn t o  100 

vn) and t o t a l  r a d i a t i o n  (shortwave p lus  longwave; .3  urn-to 100 urn). The 

u n i t s  o  divergence a r e  w a t t s  per  square meter per  p re s su re  i n t e r v a l .  I- 
convergence, meaning a  ga in  of r a d i a t i v e  energy, i s  usua l ly  re-  

r use  wi th  t h e  shortwave (SW) component. The term divergence,  

l o s s  of r a d i a t i v e  energy, i s  u s u a l l y  used i n  connection wi th  

ve (LW) and t h e  t o t a l  r a d i a t i o n .  However, both terms r e f e r  

e r  u n i t  a r e a  per u n i t  p re s su re  and d i f f e r  only i n  the implied 

e  r a d i a t i v e  balance.  - A l l  numerical va lues  r ep re sen t ing  r ad ia -  

c e  quoted i n  t h i s  s tudy  use a  p o s i t i v e  number t o  s i g n i f y  an 

n  and a  nega t ive  number t o  denote an energy l o s s .  The word t ro -  

impl ies  t he  100 mb t o  1012 mb l a y e r .  We recognize t h a t  t h e  

was no t  always a t  100 mb nor was t h e  su r f ace  p re s su re  always 

t t h e  e r r o r s  induced by these  approximations a r e  i n s i g n i f i -  



The fol lowing s e c t i o n s  desc r ibe  the  method used t o  dl 

v e r t i c a l  p r o f i l e s  of t h e  r a d i a t i v e  divergence over t h e  GA' 

The r a d i a t i v e  divergence va lues  a r e  given' s epa ra t e ly  f&r 

ponent, t he  SW component, and the  t o t a l  r a d i a t i o n .  Layer 

t h e  radiative f l u x  divergence,  i n  u n i t s  of wa t t s  per  squa 

preGqure th ickness  i n t e r v a l ,  a r e  quoted a t  100 mb i n t e r v a  
[I1 

su r f ace  t o  100 mb, f o r  va r ious  space and time s c a l e s .  

' " 1.1 Basic  approach 

The problem is  t o  determine a  s i n g l e  v e r t i c a l  p r o f i l  

(LW) o r  shortwave (SW) r a d i a t i v e  divergence t h a t  represen  

s t a t e  of an  a r e a  112 degree l a t i t u d e  by 112 degree l o n g i t  

" r a f e r r e d  t o  a s  a  &) . Figure 1 d e p i c t s  t he  p a r t i t i o n i n g  

a r r a y  and t h e  numbering scheme f o r  i d e n t i f y i n g  ind iv idua l  

. icburse,  t h e  t y p i c a l  regime of t h e  GATE A/B a r r a y  does no t  

"geneity over a r e a s  a s  l a r g e  a s  t h i s  ( 1  box = approximate1 

, < . . f  
' .  'we have, t he re fo re ,  a r r ived  a t  t h e  mean r a d i a t i v e  s t a t e  o  

.,-"d " ave2aging r a d i a t i v e  p r o f i l e s  over more homogeneous sub-ar 

. J of t h e  sub-areas w i th in  each box was determined by t h e  sp  

t i o n o f  t h e  SMS-1 sensors .  We assume r a d i a t i v e  uniformit  

, 
, sub-areas  and a s s i g n  a t y p i c a l  divergence p r o f i l e  based o 

information and a  number of o the r  parameters t o  be d e s c r i  

is  these  sub-area divergence p r o f i l e s  t h a t  a r e  a r e a  weigh 

aged t o  ob ta in  t h e  f i n a l  va lues  f o r  each box. 

" The mean divergence p r o f i l e s  f o r  each box were d e t e r  

s e q u e n t i a l l y  performing t h e  fol lowing two s t e p s :  

1 )  using s a t e l l i t e  and synopt ic  observa t ions  we a r e  a b l e  

r ive t h e  

3 A/B a r r ay .  

lte LW com- 

ralues of 

meter per 

; from t h e  

of longwave 

; t h e  mean 

l e  ( h e r e a f t e r  

~f  t h e  A/B 

2oxes. Of 

2xhibi t  homo- 

3000 Sq. km). 

t h e  box by 

as. The s i z e  

t i a l  reso lu-  

over t hese  

t h e  s a t e l l i t e  

ed l a t e r .  It 

ed and aver- 
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ined by 

t o  spec i fy  
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Figure  
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A/ B - SCALE SHlP POSITIONS 

0 B-SCALE SHlP POSITIONS 

0 C-SCALE SHlP POSITIONS 

. Graphical  d e p i c t i o n  of A/B  and B-scale a r r a y s ,  a s  def ined  
i n  t h i s  r e p o r t .  Dashed l i n e s  enc lo se  112 degree  l a t i t u d e  

' 

by 112 degree l ong i tude  boxes,  s o l i d  l i n e s  r e p r e s e n t  geo- 
g r a p h i c a l  l a t i t u d e  and l ong i tude .  I n t e g e r  va lues  cen te red  
w i t h i n  dashed boxes r e p r e s e n t  numbering scheme used i n  
i d e n t i f y i n g  s p e c i f i c  a r e a s .  



t h e  cloud,  moisture and temperature f i e l d s  present  i n  ny given I 

which each s i t u a t i o n  must f a l l .  Twenty-eight shortwave r-' *- 

a r e a  of t h e  A/B a r r a y  a t  any t ime,  and 

2)  knowing these  p r i n c i p a l  modulators of t h e  r a d i a t i v e  

basing our c a l c u l a t i o n s  i n  p a r t  on measurements made 

we a r e  a b l e  t o  cons t ruc t  r e a l i s t i c  r a d i a t i v e  f l u x  

f i l e s  f o r  both t h e  longwave and t h e  shortwave componen.:s. 

longwave r a d i a t i v e  divergence p r o f i l e s  which a r e  func t  
L 

.1. 

derived cloud data-and s+o.ptic observa t ions  of temperat1 

f luxes  and 

during GATE, 

dive:rgence pro- 

and o the r  v a r i a b l e s  a r e  used t o  determine t h e  a r e a  averar 

The second s t e p  was accomplished by e s t a b l i s h i n g  o r i e s  i n t o  
I 

divergence. Appendix A t a b u l a t e s  each of t hese  f i f t y - t h ~  

and t h e  fol lowing s e c t i o n  expla ins  how these  b a s i c  r ad i a l  

ty- f i v e  

s a t e l l i t e  

i o i s tu re  

r a d i a t i v e  

p r o f i l e s  

- - - - f i les  

were cons t ruc ted .  
- - B /a 

L 
A b r i <  - 5OEfTiew of t h e  variki is  d a t a  sourcrZlrs whlc e a v a i l a b l e  

and t h e i r  uses  is  i n  order  a t  t h i s  po in t .  There ar%f3x-F, , I.. . .!  I# 
atego- 

r i e s  of d a t a  employed i n  t h i s  s tudy.  F i r s t ,  v e r i f i c a t i o r  :he use 

of measurements t o  confirm t h a t  r a d i a t i v e  model c a l c u l a t j - l s  and assump- 

t i o n s  a r e  v a l i d .  Secondly, t h e r e  is  parameter iza t ion  of v r i a b l e s  ob- 1 
se?bgd on l im i t ed  time and space s c a l e s  i n  terms of v a r i a b  e s  a v a i l a b l e  

on broader s c a l e s .  Also f a l l i n g  i n t o  t h i s  category i s  t h e  1 determinat ion 

of va r ious  threshold  va lues ,  such a s  t h e  s a t e l l i t e  (10-12 Cm) i n f r a r e d  

( I R )  c l e a r  sky b r igh tnes s  threshold .  Thi rd ly ,  t h e r e  i s  

u t i l i z a t i o n ,  t h e  a p p l i c a t i o n  of t h e  l a r g e  d a t a  s e t s  t o  t h e  product ion 

of t h e  hour by hour,  box by box f i n a l  product .  Table 1 d e b i c t s  t he  

th re , e , ca t egor i e s  and t h e  p r i n c i p a l  d a t a  s e t s  t h a t  were use# in each. 



USE - OF OBSERVATIONS - - I N  CONSTRUCTION OF GATE A/B, B SCALE RADIATION BUDGETS - - - - -  -. - - - - - -  

V e r i f i c a t i o n  Pa rame te r i za t i on  Operation;- 
U t i l i z a t i o n  

1) A i r c r a f t  Rad i a t i on  
Measurements 

2) Su r f ace  Radia t ion  
Measurements 

3)  SMS-1 V i s i b l e  Data 

1) Hol l e ,  e t  a l .  (1976) 
A l l  sky camera 

2) A r k e l l  and Hudlow (1977) 
GATE Radar A t l a s  

3) Krishnamur t i  (1977) 
- Sea Su r f ace  Temperature 

4) SMS-1 V i s i b l e  Data 

1 )  SMS-1 I R  B r i g h t n e s s  
Frequency D i s t r i b u t i o n s  
P o l i f k a  and Cox (1976) 

2)  P-T-Q over  A/B a r r a y  
Reed (1977) 

Table  1. L i s t  of d a t a  sets used i n  t h e  c o c s t r u c t i o n  of t h e  GATE r a d i a t i o n  budgets  and 
a p p l i c a t i o n  of e ach  d a t a  set.  



1.2 Calcula t ion  of t h e  c h a r a c t e r i s t i c  r a d i a t i v e  d i ~  

convergence p r o f i l e s  

The c h a r a c t e r i s t i c  p r o f i l e s  of r a d i a t i v e  divergence, 

were generated from s e v e r a l  s tandard computational r ~ u t i r  

Cox, e t  a l .  1976) combined with new obse rva t iona l  inform: 

dur ing  GATE ( G r i f f i t h  and Cox, 1977 ; Albrecht ,  1977).  

some new c a l c u l a t i o n s  on s o l a r  absorp t ion  i n  clouds (Welc 

1978a,b) were incorporated.  The poin t  of view adopted w: 

knew accu ra t e ly  t h e  cloud l o c a t i o n s  and the  temperature : 

regimes, we would be a b l e  t o  con f iden t ly  c a l c u l a t e  t h e  rc 

t i v e  divergence f i e l d s .  

1 .2 .1  Longwave divergence p r o f i l e s  

The longwave component ( 3  pm t o  100 pm) was calculai  

i n t e g r a l  emis s iv i ty  r a d i a t i v e  t r a n s f e r  r o u t i n e  descr ibed 

The gaseous c o n s t i t u e n t s  were t r e a t e d  e x a c t l y  a s  outlinec 

p o r t .  The pressure  ( P ) ,  temperature (T) and moisture (Q 

i n  t hese  c a l c u l a t i o n s  were obtained from a Phase 111 meal 

U.S. B-scale sh ips .  These d a t a  were obtained from t h e  C1 

of Se lec ted  U.S. GATE Rawinsonde S t a t i s t i c s "  compiled by 

(1976). However, t h e  cloud components were t r e a t e d  usin: 

descr ibed by G r i f f i t h  and Cox (1977) i n  which t h e  cloud 

s i v i t y  was r e l a t e d  t o  i t s  water conten t  using a  broadban1 

t i o n  c o e f f i c i e n t .  

Measurements of cloud water content  repor ted  by G r i  

(1977) and F J i l l i s  (1977) were used a s  r e p r e s e n t a t i v e  of 

A r e l a t i o n s h i p  of gene ra l ly  decreasing water conten t  w i t  

1 

r gence / 

mvergence 

3 (Cox, 1973; 

ion gathered 

add i t i on ,  

and Cox, 

t h a t  if we 

3 moisture 

u l t a n t  rad ia-  

3 using an 

y Cox (1973). 

i n  t h a t  re-  

p r o f i l e s  used 

of t h e  f i v e  

DA "Handbook 

.W. Reeves 

a technique 

f r a r e d  emis- 

mass absorp- 

i t h  and Cox 

e GATE a rea .  

decreasing 



was foupd to be the rule. A mass absorption coefficient of 

0.045 m was used at all levels thereby allowing cloud emissivity to 

be deterbined by variations in cloud water content and cloud thickness. 

Table 2 lists the values of water content assumed in this study. 
.< * 

Cloud Top 
Pressur k (mb) Assumed average cloud Cloud penetration distance 

ice or liquid water for satellite 11 pm radi- 
-3 

content (gm ) 
ance measurements . .  

, , s t  

(meters) . 

. Average cloud'water content values and radiance penetration 
distances (See Section 1.3) as a function of cloud top 
pressure. , L I . ' I  , . .  

T W ~ I  classes of cloud regimes were considered: thin clouds in 
, ; '  - < .I1 

which t$e cloud base occurred in the same 100 mb layer as the cloud 

top and thick clouds whose bases were at 950 mb, regardless of cloud 

top locktion. The Phase I11 mean B-scale temperature and mixing ratio 

yield a lifting condensation level value very close to 950 mb. 

The thib clsuds were typically altostratus and cirrostratus decks while the 



t h i c k  clouds were e i t h e r  of t h e  convect ive v a r i e t y ,  toweri  g  cumulus and I 
cumulonimbus, o r  m u l t i p l e  l a y e r ,  overlapping s t r a t i f o r m  cl4uds. 

This  p a r t i t i o n i n g  was necessary due t o  t h e  absence of cloud base 

d i s t r i b u t i o n  d a t a  on o the r  than a  s t a t i s t i c a l  b a s i s .    her$ simply was 

no adequate observa t iona l  platform a v a i l a b l e  t o  ob ta in  clo+d base d a t a  

on a  time and space s c a l e  t o  match t h e  s a t e l l i t e  determina ion  of cloud 

top  d i s t r i b u t i o n .  A l a t e r  s e c t i o n  w i l l  address  t h e  q u e s t i  n  of how the  

cloud base des igna t ion  was accomplished and t h e  s e n s i t i v i t  1 of t h e  f i n a l  

product t o  t h a t  determinat ion.  

Test  c a l c u l a t i o n s  were made t o  determine what cloud t b p  l o c a t i o n  

accuracy would be necessary t o  achieve t h e  GATE Radiat ion ub-Programme F 
accuracy requirement of - + 2.4 ~ m - ~  per 100 mb (0.2OCIDay pbr 200 mb 

l a y e r ) .  We found t h a t  i n  t h e  g r e a t  ma jo r i t y  of ca ses ,  t h e  100 mb long- 

wave divergence va lues  were q u i t e  i n s e n s i t i v e  t o  cloud top  placement 

w i th in  a  100 mb standard p re s su re  l a y e r .  Only when t h e  c l  

c l o s e  t o  t h e  lower p re s su re  boundary was t h e r e  any 

t h e  p a r t i t i o n i n g  of t h e  divergence between t h e  two l a y e r s .  Neverthe- 

less, t h e  cloud-top-forced f l u x  divergence was always assi,3ned 

s i n g l e  100 mb standard l a y e r .  For p re s su re s  l e s s  than 500 

cloud top  may no t  be c l o s e r  than 250 meters  t o  t h e  lower 

s u r e  boundary i n  order  t o  q u a l i f y  f o r  i nc lus ion  i n  t h a t  103 

t o  a 

mb, t h e  

s tandard pres- 

mb l aye r .  

For cases  c l o s e r  than 250 meters ,  t h e  cloud e f f e c t  i s  assigned 

next  lower l a y e r .  For pressures  g r e a t e r  than 500 mb, t h i s ,  

I 
c r i t e r i o n  becomes 100 meters ,  t o  a l low f o r  t h e  inc reas ing  

and t h e  change from i c e  phase t o  l i q u i d  water .  The cloud 

l e v e l s  l i s t e d  i n  Appendix Tables A2 and A3 i l l u s t r a t e  t h e  

c r i t e r i a .  An extens ive  s tudy  of t he  e f f e c t s  of cloud 

t o  t h e  

d i s t a n c e  

water  conten t  

top pressure  

e f f e c t s  of t hese  

r a d i a t i v e  p r o p e r t i e s  



s t u d i e s  was made by S t a r r  (1976). This  work should be con- 

f u r t h e r  d e t a i l s  on t h e  s e n s i t i v i t y  of t h e  budgets t o  cloud 

parameters.  

Other 

I 
s i v i t y .  

assumed 

This  

s i v i t y  

c louds ,  

ocean 

underestimated 

misplacerent  

of t h i s  

I R  SMS-1 

This  

c l e a r  a rea ,  

from t h e  

No s igni f f icant  

t hese  t h i n  

e s  of Minnis and Cox (1978) have shown t h a t  t h e  e f f e c t s  of 

upon LW r a d i a t i v e  divergence i n  t h e  GATE A/B a r r a y  a r e  minimal 

t h e  in f r equen t ,  heav ie s t  dus t  outbreaks.  Data c o l l e c t e d  by 

show t h a t  t he  heav ie s t  dus t  concent ra t ions  passed we l l  

s impl i fy ing  assumptions have been made regarding cloud emis- 

I 
?he combination of cloud water  conten t  and cloud th ickness  i s  

t o  always be s u f f i c i e n t  t o  ob ta in  a cloud emis s iv i ty  of 1.0. 

assunption i s  v a l i d  except i n  t h e  case  of h igh ,  t h i n ,  low emis- 

c i r r u s  clouds.  These cases  would be m i s i n t e r p r e t e d  a s  middle 

because of t h e  combination of t h e  cold h igh  c i r r u s  and t h e  warm 

background. The r e s u l t  would be t h a t  high cloud cover w i l l  be  

and middle cloud cover overest imated,  wi th  a t t endan t  

of t h e  cloud-associated cool ing and hea t ing .  The magnitude 

~ r o b l e m  was assessed  by comparing t h e  v i s i b l e  SMS-1 d a t a  t o  t h e  

d a t a  over t h e  same a r e a  f o r  t o t a l  percentage of c l e a r  a r e a l  

tecfn ique  w i l l  d e t e c t  t h e  ca se  of t h i n  c i r r u s  c louds ,  over ly ing  a 

whose v i s i b l e  albedo i s  low enough t o  be i n d i s t i n g u i s h a b l e  

c l e a r  a r e a ,  but  whose I R  emis s iv i ty  exceeds approximately .05. 

e f f e c t  of t h i s  kind could be found. The p o s s i b i l i t y  of 

c i r r u s  clouds overlying middle o r  low cloud decks s t i l l  

e x i s t s .  

much lest! 

t h e  

The 

However, i n  those  cases ,  t he  misplacement of cloud top  w i l l  be 

severe .  The n e t  impact of t h i n  undetected c i r r u s  clouds on 

' ) I  3 ' .  

r a d i a t i v e  p r o f i l e s  i s  t h e r e f o r e  small .  

LW r a d i a t i v e  e f f e c t s  of a e r o s o l s  have a l s o  been neglec ted .  



nor th  of our a r e a  of i n t e r e s t .  I n  a d d i t i o n ,  no observaEio 

ae roso l  concent ra t ions  on an appropr i a t e  space s c a l e  were 

These f a c t o r s  lead  us  t o  b e l i e v e  t h a t  no s e r i o u s  e r r o r s  w i  

omi t t ing  ae roso l  e f f e c t s  from t h e  r a d i a t i v e  budgets of the  

a r r a y .  

1.2.2 Shortwave convergence p r o f i l e s  

The shortwave component ( . 3  pm t o  3 um) was ca l cu la t e  

i n t e g r a t e d  a b s o r p t i v i t y  model a s  ou t l i ned  i n  Cox e t  a l .  ( 1  

s u r e ,  temperature and mois ture  parameters were obtained f r  

mean of t h e  f i v e  U.S. B-scale sh ips .  These d a t a  were obta  

CEDDA "Handbook of Se lec ted  U.S. GATE Rawinsonde S t a t i s t i c  

R.W. Reeves (1976). Cloud absorp t ion  was incorporated bas 

c a l c u l a t i o n s  of Welch and Cox (1978a,b) and t h e  GATE a i r c r  

t i o n s  of G r i f f i t h  and Cox (1977). The work of Davis, e t  a  

i n d i c a t e s  t h a t  f o r  cloud absorp t ion ,  t h e  i n f i n i t e  cloud a s  

t h e  model in t roduces  no s i g n i f i c a n t  e r r o r s .  

Analysis of t e s t  computations revea led  t h a t  q u i t e  f i n  

r e s o l u t i o n  would be  requi red  because of t h e  s t rong  gradien 

t i o n  i n  t h e  cloud top.  Accordingly, twenty-eight cloud t o  

were e s t ab l i shed .  It was assumed t h a t  t h e  clouds were a t  

t h i c k ,  a t  which poin t  t h e  cloud absorp t ion  had dropped t o  

va lue .  

Having made t h e  assumption of a  1 km minimum cloud t h  

l o c a t i o n  of cloud base  has  no f u r t h e r  e f f e c t  on the  shortw 

gence p r o f i l e .  I n  t h i s  r e s p e c t ,  t h e  SW component is  much 

t i v e  t o  t h e  s p e c i f i c a t i o n  of t h e  cloud f i e l d  than is  the  L 

$1 d a t a  of 

? a i l a b l e .  

L ensue by 

:ATE A/B 

using an 

76). Pres- 
I 

n a  Phase I11 

led from the  

' compiled by 

1 on t h e  

Tt observa.- 

(1978) 

~mpt ion  of 

cloud top  

; of absorp- 

ca t egor i e s  

:as t  1 km 

n e g l i g i b l e  

:kness, t h e  

re conver- 

5ss sens i -  

component. 



r p t i o n  by a e r o s o l s  h a s  been n e g l e c t e d  on t h e  b a s i s  of C a r l s o n ' s  
I I ,  , I  

s e r v a t i o n s  t h a t  t h e  h e a v i e s t  d u s t  c o n c e n t r a t i o n s  passed t o  t h e  

n o r t h  of t h e  A/B a r r a y .  Minnis and Cox (1978) r e p o r t e d  s i g n i f i c a n t  

s o l a r  a b d o r p t i o n  by d u s t a b u t  t h e i r  o b s e r v a t i o n s  were a l l  n o r t h  of  t h e  

A/B a r r a y .  I n  a d d i t i o n ,  t h e  l a c k  of q u a n t i t a t i v e  a e r o s o l  o b s e r v a t i o n s  

l e a v e s  ud l i t t l e  c h o i c e  b u t  t o  n e g l e c t  t h e i r .  i n f l u e n c e .  

The 1 shortwave p r o f i l e s  g iven  i n  Appendix A Tables  A 4  through A7 

represent/  t h e  average  shor twave convergence over  a  12 .0  hour  d a y l i g h t  

have t a k  n  advantage of t h e  symmetry of t h e  s u n ' s  p a t h  by d i v i d i n g  f 

p e r i o d .  

a l though  

our  averag ing  p e r i o d s  a t  l o c a l  noon. Thus, t h e  same'kean 

c e  p r o f i l e  models a r e  used t o  r e p r e s e n t  b o t h  t h e  0600-1200 

We have assumed t h a t  t h e  s o l a r  day i s  e x a c t l y  12.0  hours  l o n g ,  

i t  was s l i g h t l y  l o n g e r  throughout  t h e  GATE exper iment .  We 

200-1800 LST p e r i o d s  a s  w e l l  as t h e  f u l l  12 .0  hour d a y l i g h t  

600-1800 LST. However, t h e s e  p r o f i l e s  cannot  be a p p l i e d  on 

an hour  hour  b a s i s .  S i n c e  they  a r e  s i x  hour  means, they  w i l l  

c l e a r l y  be u n d e r e s t i m a t e s  a t  small z e n i t h  a n g l e s  and o v e r e s t i m a i i s  a t  

l a r g e  z e  i t h  a n g l e s .  We have a p p l i e d  a weigh t ing  f a c t o r  c o r r e c t i o n  t o  + 
: I .  ' I  I 

t h e  h o u r l y  c loud  f i e l d s  t o  a d j u s t  f o r  t h e  e f f e c t  of changing s o l a r  

g l e  on a tmospher ic  a b s o r p t i o n .  T h i s  i s  e q u i v a l e n t  t o  e s t a b -  

onvergence p r o f i l e s  a s  a  f u n c t i o n  of z e n i t h  a n g l e ,  b u t  is  

c o m p u t a t ~ o n a l l y  much s i m p l e r .  

 he r a d i a t i v e  p r o f i l e s  j u s t  d e s c r i b e d  and t h e  f i n a l  r a d i a t i v e  bud- 

g e t  f i g u  ' C e s  a r e  expressed  as t h e  a v e r a g e  r a d i a t i v e  f l u x  g a i n  (conver- 

gence) ok l o s s  (d ivergence)  f o r  a  p r e s s u r e  i n t e r v a l  i n  w a t t s  p e r  s q u a r e  

meter  p e r  

1000 mb 

100 mb l a y e r  f o r  t h e  s i x  hour p e r i o d .  The s u r f a c e  l a y e r  from 

t o  1012 mb i s  t h e  o n l y  e x c e p t i o n  - t h e  r a d i a t i v e  f l u x  d ivergence  



i s  based on a  12 mb l a y e r  i n  t h a t  case.  This i s  done t o  void t h e  con- B 
fu s ion  and ambiguity t h a t  sometimes accompanies t he  use ok 'c/day o r  

Oc/h i n  t h i s  app l i ca t ion .  The reader  may convert  t he  ene+gy u n i t s  t o  

r a t e s  of temperature change a s  needed. Appendix B conta igs  information 

coverage 

on making these  conversions.  
I 

1 . 3  Determination of cloud top p re s su re  d i s t r i b u t i o ~ i  

The key elements of t h e  r a d i a t i v e  budgets ,  i . e .  t h e  ndiv idua l  f 

and a r e a  

r a d i a t i v e  p r o f i l e s ,  were descr ibed i n  t h e  previous s e c t i o h  and a r e  

given i n  Appendix A. We now s h i f t  our a t t e n t i o n  t o  t h e  p4ocess of 

choosing the  app ropr i a t e  p r o f i l e s  t o  r ep re sen t  each 112 d$gree a r e a  

element. 

The primary input  information was t h e  GATE SMS-1 s a t  l l i t e  b r igh t -  \ 
ness  d a t a ,  both v i s i b l e  and i n f r a r e d .  This  massive da t a  $ e t  was con- 

densed, ed i t ed  and ear th- located by Smith and Vonder Haar (1976). 

Fur ther  reduct ion  of t h e  d a t a  was performed by Po l i fka  and Cox (1977) 

i n  which t h e  GATE A/B a r r a y  was divided i n t o  225 112 degrhe l a t i t u d e  

by 112 degree longi tude  boxes and frequency d i s t r i b u t i o n s  of both I R  

and v i s i b l e  b r igh tnes s  were t abu la t ed  f o r  each 112 degree x 112 degree 

a r e a  element. , 
The f i r s t  s t e p  was t o  determine t h e  percentage of t h  a r e a  t h a t  w a s  

cloud-free.  This  was done i n i t i a l l y  by analyzing t h e  v i s i b l e  da t a .  A 

c o r r e l a t i o n  was then e s t ab l i shed  between t h e  percentage o$ a r e a  de te r -  

mined a s  c l e a r  using t h e  v i s i b l e  d a t a ,  and t h e  requi red  t4reshold value 

i n  t h e  I R  b r igh tnes s  d i s t r i b u t i o n  t h a t  would produce t h e  ame percentage 

of c l e a r  a r ea .  This procedure was chosen because i t  has  he a b i l i t y  t o  I 



independeCtly check on t h e  accuracy of our I R  b r igh tnes s  vs .  cloud top 

.. . 
* ,  

made i n  processing v i s i b l e  d a t a  was t h a t  i n  

c l e a r  a r e  s ,  t h e  s a t e l l i t e  would be viewing the  ocean su r f ace  which i V 

J 
w i l l  have a  much lower albedo and, t h e r e f o r e ,  a  much lower br ightneFs 

y a r e a s .  The only complicat ion a r i s e s  i n  ass igning  t h e  e s c t  

va lue  t o  d i sc r imina te  c l e a r  from cloud. This determinat ion 

was made by c o r r e l a t i n g  t h e  v i s i b l e  s a t e l l i t e  d a t a  wi th  days and hours 

t h a t  were repor ted  t o  be c l e a r  by t h e  a l l - sky  camera a n a l y s i s  of Holle ,  

e t  a l .  (11977). These th re sho lds  were e s t ab l i shed  as a func t ion  of t h e  

of t h e  sun l igh t  from t h e  ocean su r f ace ,  becomes an important 

determining t h e  c l e a r  b r igh tnes s  threshold  around midday i n  

The t a c i t  aks'tlmption made he re  i s  t h a t  t h e  presence of 

d i s t a n c e  

I 
g l i n t  a s  

w i l l  r a i s e  t he  v i s i b l e  b r igh tnes s  $,eve1 above t h e  c l e a r  sky 
, 

r f a c e )  va lue .  

of t h e  a r e a  element i n  ques t ion  from t h e  cen te r  of t h e  sun 

viewed from SMS-1. The sun g l i n t ,  which r e s u l t s  from specblar  

~ i ~ d r e  2 d e p i c t s  t h e  v i s i b l e  c l e a r  sky b r igh tnes s  count threshold 

a s  a  fundt ion  of d i s t a n c e  from t h e  sun g l i n t  cen te r .  Note t h a t  t h e  

d i s t i n c t i o n  between cloud and c l e a r  a r e a  i s  b lu r r ed  when c l o s e  t o  t h e  

sun g l i n  cen te r .  This  i s  ind ica t ed  by t h e  damping of t h e  curve a t  

d i s t a n c e  I l e s s  than 300 nm. The broad slowly-changing po r t ion  of t h e  

curve between 2200 and 800 nm i s  centered  around a  b r igh tnes s  count of 

72.  he work of Rockwood and Cox (1978) i n d i c a t e s  t h a t  a  b r igh tnes s  

count of 1 72 corresponds t o  a  system albedo ( e a r t h  + atmosphere) of 

t e l y  14%. The e f f e c t s  of an iso t ropy  and d r i f t  of t h e  v i s i b l e  
r i q >  . I?! 9 1 ,  - 

l i b r a t i o n  have been neglec ted  i n  de r iv ing  t h i s  r e l a t i o n s h i p .  



I 

Clear sky visible brightness c0ur.L (SMS-1 sa 
as a function of distance from the sun glin~ 



cloud tops .  The f i r s t  s t e p  i n  f i nd ing  t h e  cloud top  pres- 

convert t h e  b r igh tnes s  count t o  a  temperature.  This  was 

algori thm developed by Smith (1977). The VISSR (Vi s ib l e  - 

Radiometer) c a l i b r a t i o n  r o u t i n e  accounted f o r  both 

of t h e  instrument  and t h e  short-term, hour t o  hour 

dur ing  Phase 111 of GATE. I .  

a pressure  l e v e l  wi-th t h e  s a t e l l i t e  observed 

was t h e  next  s t e p .  Temperature vs. p re s su re  

box and f o r  each s i x  hour time period were ob- 

by Reed (1978).  This  completed t h e  asso- 

wi th  a p re s su re  l e v e l .  We r e f e r  t o  t h i s  

Havilg 

c l e a r  s k i e s  

l i t e  da t a ,  

o r  n igh t .  

t r i b u t i o n  

i n  t he  a r e a  

t i o n s  were 

made the  a s s o c i a t i o n  of a  c e r t a i n  I R  th reshold  va lue  with 

and having v e r i f i e d  these  th re sho lds  using v i s i b l e  s a t e l -  

t h e  sky cover de te rmina t ion  method i s  now independent of day 

This  means t h a t  t h e  n ight t ime de termina t ion  of cloud top d i s -  

and c l e a r  a r e a  may be  handled i d e n t i c a l l y  t o  t h e  daytime case.  

Following t h e  de te rmina t ion  of t h e  percentage of c loud-free a r e a  

element of i n t e r e s t ,  t h e  I R  b r igh tnes s  frequency d i s t r i b u -  

f u r t h e r  analyzed t o  y i e l d  information on t h e  v e r t i c a l  d i s t r i -  

I r e l a t i o n d h i p  

Two 

I 
a t r u e  

f a c t  t h a t  

l i t e  

emission 

t h e  l a r g e  

! 
is  t y p i c ~ l l y  

a s  t he  apparent  cloud top  loca t ion .  ! * . , , I . ;  L. , 

more co r rec t ions  were made t o  r e l a t e  b r igh tnes s  count t o  

I 
cloud top pressure .  The f i r s ~ l  c o r r e c t i o n  accounts f o r  t h e  

t h e  1C.5 u m  t o  12.5 ym I R  channel used by t h e  VISSR s a t e l -  

radi.ometer i s  not  t r u l y  a  "window". There is  s u b s t a n t i a l  , , , ! ~  

by water vapour i n  t h i s  s p e c t r a l  i n t e r v a l  e s p e c i a l l y  f o r  

water  conten ts  found i n  t he  GATE a r e a .  This  c o r r e c t i o n  

a s  l a r g e  as 9'C a t  t h e  ocean s u r f a c e ,  decreasing i n  



a  non-linear fash ion  t o  zero around 500 mb. This  water VE 

t i o n  v a r i e s  with t h e  t o t a l  p r e c i p i t a b l e  water i n  t h e  atmE 

i ts  v e r t i c a l  d i s t r i b u t i o n ,  and t h e  temperature p r o f i l e .  I 

t he  moisture d a t a  of Reed (1978) f o r  t h e  A/B a r r a y ,  t h e  vz 

t i o n  was appl ied  t o  each ind iv idua l  box. We d i d ,  however, 

i t  i n  terms of t o t a l  p r e c i p i t a b l e  water ,  ignoring t h e  effc 

v e r t i c a l  d i s t r i b u t i o n s  of water  vapour and temperature.  I 

r e l a t i v e  v e r t i c a l  moisture d i s t r i b u t i o n  and the  a c t u a l  vel 

t u r e  d i s t r i b u t i o n  t o  be t h e  same a s  t h a t  obtained from a  I 

age of t h e  f i v e  U.S. B-scale sh ips .  Figure 3 d i sp l ays  th6 

t h e  water vapour co r r ec t ion  a s  a  func t ion  of t o t a l  precip:  

f o r  s e v e r a l  p re s su re  l e v e l s .  

The view angle  of t h e  s a t e l l i t e  a l s o  changes t h e  effc 

vapour pa th  length .  This  can induce a s  much a s  l.O°C char 

A/B a r r ay .  A f i r s t  o rder  co r r ec t ion  f o r  t h i s  has been mac 

s t a t i o n a r y  s a t e l l i t e .  

The second major c o r r e c t i o n  d e a l s  with t h e  r e l a t i ons1  

s a t e l l i t e - s e n s e d  cloud top  t o  t h e  a c t u a l  cloud top.  This  

a r i s e s  from t h e  f a c t  t h a t  a  pene t r a t ion  of some f i n i t e  d i !  

t h e  cloud is  requi red  t o  achieve r a d i a t i v e  "blackness". ' 

i s  a  func t ion  of t h e  cloud water  conten t  and mass absorpt .  

and, t h e r e f o r e ,  is  b a s i c a l l y  a  func t ion  of cloud top  presr 

ad jus ted  t h e  cloud top pressures  upward (lower pressure)  

t hese  f a c t o r s ,  The c o r r e c t i o n  reaches a  maximum of 1.6 k: 

apparent  cloud top  pressures  of 100 mb and a  mimimum of 21 

a  cloud top  a t  950 mb. Table 2 i n  Sec t ion  1.2.1 l i s ts  thi 
D 

t r a t i o n  d i s t a n c e s  a s  a  func t ion  of cloud top pressure .  

our correc-  

here , 

our correc-  

parameterize 

t of v a r i a b l e  

assumed t h e  

i c a l  tempera- 

a se  111 aver- 

v a r i a t i o n  of 

a b l e  water 

t i v e  

e  ac ros s  t h e  

assuming a  

p of t h e  

iscrepancy 

ance i n t o  

i s  d i s t a n c e  

n  c o e f f i c i e n t  

r e .  We have 

r e f l e c t  

ometers f o r  

meters  f o r  

cloud pene- 



TOTAL PRECIPITABLE WATER cm. 
F i g u r e  Satellite cloud top IR temperature correction as a 

function of total precipitable water for several 
levels in the atmosphere. 

3 .  



Most of t h e  foregoing d i scuss ion  has been concerned d i t h  ass igning  

cloud top pressure .  The s a t e l l i t e  i s ,  of course ,  b e s t  : 
,- . -. 

p a r t i c u l a r  t a s k  on a s p a t i a l  s c a l e  t h e  s i z e  of t h e  A/B i 

t ed  f o r  t h a t  

ay. Of nea r ly  

b ,  
equal  importance from a r a d i a t i v e  poin t  of view, is  t h e  I ca t ion  and - 9 
d i s t r i b u t i o n  of cloud base.  I n  terms of d i r e c t  measureme t ,  t h e  s a t e l -  n 
l i t e  provides no informat ion on t h i s  parameter.  Theref o r i ,  we developed 

a means of s t a t i s t i c a l l y  r ep re sen t ing  cloud base dis t rbbu4ion.  A s  men- 

t ioned e a r l i e r ,  two LW divergence p r o f i l e s ,  one r ep re sen t ing  t h i c k  

clouds and one r ep re sen t ing  t h i n  clouds,  were developed f 4 r  each cloud 

top  category.  The procedure t o  be descr ibed next  w i l l  a 1  
. r.* 

F -- 
..-. mination of t h e  r e l a t i v e  propor t ion  of t h i c k  t o  t h i n  c lou  

t h e  weighting f a c t o r s  t o  be used wi th  each p r o f i l e .  I 
The r ada r  d a t a  compiled by Arkel l  and Hudlow (1977) were used a s  an 

i n d i c a t o r  of t h i c k  cloud amount. We c o r r e l a t e d  t h e  perce?tage of a 1 / 2  

degree a r e a  element covered by r ada r  echo with t h e  mein cjoud top pres-  

s u r e  i n  t h a t  same box and obtained c o r r e l a t i o n  c o e f f i c i e n  s of approxi- 
, @ i 

"Z 
I mately .55. While t h i s  i s  a l e s s  than i d e a l  method, i t  d l e s  provide some 

i n d i c a t i o n  of t h e  th ick- th in  cloud d i s t r i b u t i o n  f o r  use ih t he  computa- 

t i o n a l  a lgori thm. Figure 4 d e c p i t s  t h e  t h i c k  cloud perce  tage  a s  a P 
func t ion  of cloud top  pressure .  

Obviously, i n  any s t a t i s t i c a l  t reatment  such a s  th:  
... . 

t i o n s  w i l l  be mi s in t e rp re t ed ,  e.g.  t h e  ca se  of E 
I 

l a y e r  produced by a now i n a c t i v e  cumulonimbus c e l l .  
"' 7 

a high percentage of t h i c k  cloud t o  t h i s  h igh  cloud top  c - - . % -  t 
* ,  . '  - .  . t h e  a c t u a l  percentage may be low. There a r e  s e v e r a l  o the  

which may $ qGe sQni&g~~ , e ~ r ~ x s  ., . %  , .. . . 

some s i t u a -  

: i r ru s  



F& re  4 .  P e r c e n t a g e  t h i c k  c loud as a f u n c t i o n  of c loud t o p  I Y p r e s s u r e .  



The f i n a l  impact of these  e r r o r s  on t h e  r a d i a t i v e  bud 

be very  g r e a t  f o r  s e v e r a l  reasons .  Mul t ip le  l a y e r s  of str  

t h a t  may be present  following t h e  c e s s a t i o n  of a c t i v e  conv 

y i e l d  s i g n i f i c a n t l y  d i f f e r e n t  r a d i a t i v e  divergence p r o f i l e  

cloud, i f  one does no t  demand high v e r t i c a l  r e s o l u t i o n ,  M 

high cloud tops with l i t t l e  r ada r  echo may f a l l  i n t o  t h i s  

thus ,  would improve t h e  c o r r e l a t i o n  of r a d i a t i v e  p r o f i l e s  

cloud top pressure .  

I n  add i t i on ,  t h e  cases  t h a t  v i o l a t e  t h e  c o r r e l a t i o n  d 

should be r e l a t i v e l y  r a r e ;  t h e r e f o r e ,  t h e  f a c t  t h a t  t h e  r a  

given a r e  s i x  hour averages of s i x  i nd iv idua l  one hour d a t  

minimize t h e  impact of t h e  anomalous case .  

The e f f e c t  of s e a  su r f ace  temperature on t h e  r a d i a t i v  

a l s o  explored. An examination of t h e  d a t a  of Krishnamurti  

i n d i c a t e s  t h a t  t he  ocean su r f ace  temperature was v i r t u a l l y  

than t h e  su r f ace  a i r  temperature;  t h e r e f o r e ,  t h e r e  should 

gu i ty  i n  a s s ign ing  a  p re s su re  l e v e l  t o  any b r igh tnes s  coun 

warmer than t h e  su r f ace  a i r  temperature.  A t y p i c a l  s ea  su 

a i r  temperature d i f f e r e n c e  of 1°C was incorporated i n t o  t h  

t i o n  of t h e  r a d i a t i v e  p r o f i l e s .  No o the r  use  of ocean tern 

been made i n  t h i s  budget s tudy.  

The foregoing d iscuss ion  con ta ins  some assumptions ab 

of t h e  s a t e l l i t e  radiometer and t h e  c h ~ r a c t e r  of t h e  cloud 

observed. It is  e s s e n t i a l  t h a t  t h e  use r  of t hese  d a t a  be 

these  l i m i t a t i o n s  i n  order  t o  i n t e r p r e t  them i n t e l l i g e n t l y  

We i m p l i c i t l y  assume t h a t  t h e  cloud t a r g e t  viewed by 

is a s o l i d ,  uniform, dense l a y e r .  In f a c t ,  t h e  cloud f i e 1  

e t s  may no t  

t i fo rm cloud 

c t i o n ,  do not  

than s o l i d  

ny of t he  

a tegory  and 

5 t h  the  mean 

scussed above 

i a t i v e  va lues  

sets, should 

budgets was 

e t  a l .  (1976) 

always warmer 

e  no ambi- 

t h a t  i s  

f ace  vs .  

construc- 

e r a t u r e  has  

lut t h e  na tu re  

f i e l d s  being 

.ware of 

:he s a t e l l i t e  

I may be 



temperatu e that is a combination of the cold cloud and the warmer f 
broken or 

backgroun surface. A similar situation arises when the cloud target P 

scattered, and the IR sensor will respond with a radiative 

rm layer but has an emissivity less than 1.0. The background 

will be transmitted and contaminate the cloud reading. Many 

other pe utations of interpretation errors may be imagined. All of t 
these cases will result in a poor assignment of cloud top location with 

Eve in the case of the homogeneous dense layer the cloud top loca- 1 
resultant 

tion wil depend on the disparity between the actual cloud water con- ! 

inaccuracies in the assignment of radiative profiles. 

tent and that which we have assumed. In a similar manner, variations 

J in the c oud mass absorption coefficient will have an impact on cloud 

top loca ion. These two items are not of major importance but do con- 1 
i tribute o the uncertainties. 

IR radio eter, should be considered as the target radiance changes oi 
The 

rapidly. There may be considerable blurring of the signal caused by 

response time of the SMS-1 satellite sensor, particularly the 

the inab'lity of the radiometer to stabilize on a new value with 1 
sufficie t speed. i 

Fig re 5 shows a comparison of raw SMS-1 IR equivalent temperatures i 
with bro dband (5 - 50 pm) IR equivalent radiative temperatures observed .i 
from the NCAR Sabreliner. The parallel horizontal bars correspond to 

the visu lly determined cloud top height. The SMS-1 time response and 1 
the clou penetration distance may both be seen in this comparison. t 

I The characteristics mentioned above along with the other limita- 

tions inerent in handling this type and quantity of data (uncertain- P 
ties in Cloud base, lack of aerosol data, etc.) make the application of 



SABRELINER SMS CLOUD-TOP TEMPERATURE COMPARISON 
DAY 251-74 

f CLOUD TOP 1 
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Figure  5 .  Comparison of raw SMS-1 I R  equ iva l en t  teplperatyres  
. ---. - - 

with  broadband (5-50 pm) I R  equ iva l en t  r a d i a t i v e  
temperatures  observed from t h e  NCAR S a b r e l i n e r ,  
The p a r a l l e l  h o r i z o n t a l  b a r s  correspond t o  t h e  
v i s u a l l y  determined cloud top. 



a r e a l  cov r age ,  cloud r e f l e c t i v i t y ,  cloud a b s o r p t i v i t y ,  e t c .  a s  s t a t e d  1 

t h e  technique 

quired 

by S t a r r  1976) a r e  more s t r i n g e n t  than can poss ib ly  be achieved on t h e  1 

t o  small  t ime and space s c a l e s  l e s s  r e l i a b l e .  The re-  

accurac ies  i n  determining cloud emis s iv i ty ,  cloud top he igh t  and 

space and time s c a l e s  requi red .  However, t h e  a r e a  averaging and time 

should su  s t a n t i a l l y  amel iora te  t h i s  def ic iency .  Compensating e r r o r s  ! 
averaging 

i n  anomal us  o r  ambiguous cases  hopefu l ly  y i e l d  a r e s u l t  t h a t ,  i n  t h e  1 

used i n  t h i s  s tudy (minimum 3000 Sq. km. qgd 6 hour ~ e r i o d s )  

mean, i s  e a r l y  a s  accu ra t e  a s  i f  w e  had possessed a l l  of t h e  d e t a i l e d  4 
d a t a  f o r  r igorous  r a d i a t i v e  t r a n s f e r  computation. More d e t a i l e d  d i s -  f 

t h e  u n ~ e r t a i n t i e s ~ i n  r a d i a t i v e  budgets a s  a func t ion  of un- 

s i n  cloud ' p r o p e r t i e s  is  given by S t a r r  (1976) and w i l l  no t  

be r epea t  d here .  + 
The ethods used t o  cons t ruc t  t h e  GATE Phase I11 r a d i a t i v e  d iver -  t 
1.4 

gence bud e t s  have been descr ibed .  V e r t i c a l  p r o f i l e s  of longwave, shor t -  t 

Methodology summary 

wave and o t a l  r a d i a t i o n  f o r  va r ious  a r e a s  and time s c a l e s  comprise t he  end 1 
DroduSt* I The b a s i c  a r e a l  u n i t  from which l a r g e r  a r e a  mean va lues  wei-o_ con- 

s t r u c t e d  a s  t he  112 degree l a t i t u d e  by 112 degree longi tude  element. The t 
b a s i c  t i m  u n i t  from which longer  temporal means were obtained was 1 hour.  t 

The echnique involved t h e  compositing of twenty-eight shortwave 

and twent - f i v e  longwave v e r t i c a l  divergence p r o f i l e s  based on SMS-1 t 
d a t a  and synopt ic  da ta .  The model divergence p r o f i l e s  were 

om s e v e r a l  r a d i a t i v e  t r a n s f e r  computational r o u t i n e s  wi th  

GATE exp eliment. 

adjustments t o  accommodate t h e  obse rva t iona l  d a t a  co l l ec t ed  during t h e  



b 

The determinat ion of cloud top  p re s su re  d i s t r i b u t i o n  

I R  d a t a  was descr ibed ,  inc luding  two types of adjustmen&s 

, ?%% a. ' I 1  

accuracy. The f i r s t  adjustment accounted f o r  t h e  c o n t w i  

11 Um s a t e l l i t e  sensor  by t h e  high water  vapour contents  

atmosphere. The second c o r r e c t i o n  compensated f o r  t h e  f i  

i n t o  cloud requi red  t o  achieve r a d i a t i v e  "blackness1'. 

' I 
'V is ib le  d a t a  from t h e  SMS-1 s a t e l l i t e  have been a q 4  

mining t h e  percentage of c loud-free a rea .  The t e c h m f q ~ e  

J ' 
mining c l e a r  th reshold  va lues ,  inc luding  a  sun g l i n t  c o n  

descr ibed .  The des igna t ion  of cloud base d i s t r i b u t i o n  ti"? 

I R  s a t e l l i t e  b r igh tnes s  was discussed.  

F i n a l l y ,  a  d i scuss ion  of t h e  assumptions a f f e c t i n g  t  

and a p p l i c a b i l i t y  of t hese  budgets was presented .  A caut 

explained the  l i m i t a t i o n s  of t h e  technique when appl ied  t 

and space s c a l e s .  

rom SMS-1 

o improve 

.tlm af  t he  

' t h e  t r o p i c a l  

kte &$stance 

B& ira deter -  

;ed f o r  de te r -  

: t ion ,  was 

1 func t ion  of 

1 

: accuracy 

).nary no te  

small  time 



11. ANALYSIS 

$he fol lowing s e c t i o n s  d i s c u s s  t h e  primary c h a r a c t e r i s t i c s  of t h e  

es t imates .  The GATE values  a r e  f i r s t  compared with previous climato- 

GATE Phase I11 (August 30 - September 18,  1974) r a d i a t i o n  divergence 

of clouds on t h e  derived products  a r e  i l l u s t r a t e d .  Cloud top p re s su re  

l o g i c a l  

i on  s t a t i s t i c s  a r e  computed and d iscussed .  Average, n i g h t ,  . 
4 hour es t imates  a r e  then presented f o r  t h e  Phase 111 mean 

e s t ima te s  [Dopplick (1972) and Katayama (1967b)J and t h e  e f f e c t s  

case  and two composite ca ses ,  one convect ively suppressed ( J u l i a n  Days 

s u r e  l e v e l s .  A time s e r i e s  p l o t  of t h e  t o t a l  t ropospher ic  

e (TTD) is presented f o r  t h e  B-scale a r r ay .  Next, t h e  re laxa-  

243, 244, 

245, 248, 

v a r i a b i l i t y  

vs.  1atit :ude 

250, 251, 258) and one convect ive ly  d i s tu rbed  ( J u l i a n  Days 

256, 257, 259). The combined v e r t i c a l  and ho r i zon ta l  d i u r n a l  

of t h e  r a d i a t i o n  balance is  examined by means of p re s su re  

c r o s s  s e c t i o n s  and "slab" views of t h e  A/B a r r a y  f o r  var-  

t i o n  of he v a r i a b i l i t y  of t he  TTD and i t s  s o l a r  and longwave components, 

both a s  func t ion  of a r e a  and time, i s  explored.  I n  t h e  f i n a l  set of I f i g u r e s ,  north-south (N-S) and east-west (E-W) c r o s s  s e c t i o n s  over t h e  

e n t i r e  

sented 

composit 

Many 

continuous l i n e s  t o  connect t h e  d a t a  po in t s .  This i s  

a s  an a i d  i n  v i s u a l l y  i n t e r p r e t i n g  t h e  p l o t s .  However, 

A,'B a r r a y  of LW, SW and t o t a l  t ropospher ic  divergence a r e  pre- 

f o r  t h e  Phase I11 mean case  and t h e  two convect ively s t r a t i f i e d  

2 cases .  

of t h e  graphs i n  t h i s  s e c t i o n  p l o t  t h e  v e r t i c a l  divergence 

t h e  d a t a  

should b. 

po in t s  r ep re sen t  t h e  mean over t he  l a y e r  i n  ques t ion  and 

used a s  such. I n t e r p o l a t i o n  t o  smal le r  pressure  i n t e r v a l s  



may not  y i e l d  accu ra t e  r e s u l t s .  A b r i e f  explana t ion  of t h  

used t o  desc r ibe  t h e  r a d i a t i v e  budgets i s  found i n  Sec t ion  

d e f i n i t i o n  of A/B and B a r r a y  i s  found i n  Figure 1. The r 

r e f e r r e d  t o  those  sources  t o  f a c i l i t a t e  understanding of t 

s e c t  ions .  

2 .1 Comparison with c l ima to log ica l  e s t ima te s  

Figure 6 compares t h e  Phase I11 average 24 hour LW d i  

SW convergence p r o f i l e s  with a  c l ima to log ica l  e s t ima te  f o r  

and August, 1 0 ' ~  l a t i t u d e  given by Dopplick (1972). There 

cant  d i f f e r e n c e s  between t h e  two p r o f i l e s  throughout t h e  t 

These d i f f e r e n c e s  a r e  due p r imar i ly  t o  t h e  e f f e c t s  of c lou  
\ 

observed during t h e  GATE Phase I11 period.  A s i g n i f i c a n t  

middle l e v e l  clouds a s soc i a t ed  wi th  nondisturbed condi t ion  

average amount of water  vapour (Q 5 p r e c i p i t a b l e  c e n t i n e t e  

Ute t o  a middle t ropospher ic  LW divergence maximum f o r  t h e  

I11 average while  Dopplick's LW divergence shows a  r e l a t i v  

t h i s  500-700 mb l a y e r .  Conversely between 200 and 400 mb 

between 800 and 1000 mb Dopplick's LW divergence va lues  s i  

exceed these  GATE values .  Comparing Dopplick's SW compone 

GATE Phase I11 SW curve r e v e a l s  a  s i n g l e  crossover  poin t  a  

mately 400 mb. A t  p ressures  lower than 400 mb, t he  GATE P 

convergence exceeds Dopplick's while  a t  h igher  pressures  D 

va lues  a r e  g r e a t e r .  I n  a d d i t i o n ,  t h e  t ropospher ic  SW conv 

puted by Dopplick s i g n i f i c a n t l y  exceeds t h e  Phase I11 mean 

aga in ,  t hese  d i f f e r e n c e s  a r e  p r imar i ly  c loud-s t ruc ture  r e 1  

The r e l a t i v e  minimum LW divergence f e a t u r e  shown a t  9 

1 terminology 

1.0 and t h e  

de  fol lowing 

ergence and 

June, J u l y  

a r e  s i g n i f i -  

d s t r u c t u r e  

4 and a  l a r g e  

I s )  cont r ib-  

GATE Phase 

$ minimum i n  

&d aga in ,  

r - t  t o  t h e  

approxi- 

a s e  I11 SW 

pp l i ck '  s 

e rgence com- 

value.  Here 

r ecu r ren t  f e a t u r e  of t h e  GATE Phase I11 r a d i a t i o n  budget e 



1 1 , LONGWAVE ,.# SHORTWAVE 

GATE Phase I11 A/B-scale array 24 hour mean SIJ and 
LW convergence profiles compared with the climato- 
logical estimates of Dopplick (1972) for June, July, 
August for 1 0 ' ~  latitude. 

j . I . -  ,! ,, 



i s  caused by a combination of f a c t o r s .  F i r s t ,  t h e  ave rage  water vapour 

content  of t h e  GATE Phase I11 atmosphere was 5.1 p r e c i p i t a b l e  cen t i -  

meters .  This  l a r g e  water vapour content  r e s u l t e d  i n  a r e l h t i v e  maximum 

divergence i n  t h e  8-12 pm region  a t  approximately 840 mb This "cloud 

of water  vapour" suppresses  cool ing between 900 and 100'0 m (Cox, 1973). 
4 

Inspec t ion  of t h e  upward and downward i n f r a r e d  i r r a d i a n c e s  b s epa ra t e ly  

r e v e a l s  t h a t  i n  t h e  c l e a r  sky case  t h i s  minimum divergence a t  

950 mb is  con t ro l l ed  i n  t h e  r o t a t i o n a l  water vapour bands b y a maximum 

convergence i n  t h e  upward i r r a d i a n c e  while  t h e  divergence n t h e  down- 

ward i r r a d i a n c e  i s  suppressed by t h e  l a r g e  water vapour ov rburden. 

The 950 mb l e v e l  is t h e  assigned convect ive cloud base; t I i s  assignment 

f u r t h e r  suppresses  t h e  cool ing i n  t h e  composite cloud-clea& case.  These 

e f f e c t s  compound t o  y i e l d  an excep t iona l ly  s t a b l e  r e l a t i v e  minimum LW 

divergence a t  approximately 950 mb. 

I n  Figure 7 t h e  Phase 111 mean 24 hour t o t a l  divergen I e p r o f i l e  i s  

le t  us  i n spec t  t h e  v e r t i c a l  p r o f i l e s  i n  more d e t a i l .  ~ o t h  Dopplick's 

shown along wi th  t h e  c l e a r  sky 24 hour t o t a l  divergence an3 

of t h e  t o t a l  divergence p r o f i l e  f o r  an average June-July-Aigust, 

c a se  presented by Dopplick (1972) and a 10°N, 20-40°W, J u l y  

by Katayama (1967a,b). The t o t a l  t ropospher ic  divergence 

100-1012 mb from t h e  works of Dopplick, Katayama and the  

-2 -1 
may be compared. These e s t ima te s  a r e  -127 Wm 1912 mb] 

[912 mbl-I, and -120.8 ~ m - ~  [912 mb]-I f o r  t h e  r e s p e c t i v e  

I n  order  t o  understand t h e  p o s s i b l e  reasons f o r  t h e  

and Katayama's p r o f i l e s  show s i g n i f i c a n t l y  g r e a t e r  d iverge  c e  f o r  pres- 

su re s  between 200 and 400 mb and l e s s  divergence between 500 and 800 mb 

than t h e  Phase I11 mean case .  These d i f f e r e n c e s  have t h r e e  p r i n c i p a l  I 

es t ima te s  

10°N 

case  given 

f o r  t he  l aye r  

present  s tudy 

- 2 . -102 Wm 

works. 

aSove d i f f e rences  
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1 1  

Figure  7 .  GATE Phase 111 A/B-scale a r r a y  24  hour mean t o t a i  
convergence p r o f i l e  (SW p l u s  LW) compared w i th  
Dopplick (1972),  Katayama (1967a,b) and a  c l e a r  
sky c a l c u l a t i o n .  



causes.  F i r s t ,  both Dopplick and Katayama a s s i g n  cloud9 

pressure  l e v e l s  a s  a  func t ion  of cloud type.  For example 

l e v e l  cloud a t  10°N l a t i t u d e  would always be assigned t b e  

he ight  and th ickness .  This  assumption has  t h e  e f f e c t  of 

t h e  longwave cooling/shortwave warming a s soc i a t ed  with c l ~  

a l t i t u d e  and an analogous suppression of longwave d iverge  

beneath t h e  cloud. Also, as noted i n  t h e  Fig. 6  comparis 

wave and shortwave components, t h e  cloud shortwave absorp 

g r e a t e r  i n  t h i s  s tudy  fol lowing t h e  r e s u l t s  of Welch and 

and G r i f f i t h  and Cox (1977b). These two e f f e c t s  account f  

sed t o t a l  divergence i n  t h e  upper t roposphere f o r  t h e  Pha 

case .  

A t  t h e  lower l e v e l s  t h e  p r i n c i p a l  reason f o r  t h e  d i s  

t h a t  i n  t h e  p re sen t  s tudy  t h e  e f f e c t  of t h e  vapour pressu  

continuum absorp t ion  i n  t h e  8-12 vm reg ion  has been taken 

[Bignel l  (1970), Cox (1973)l .  This  important e f f e c t  was 

by e i t h e r  Dopplick o r  Katayama. Refer r ing  again t o  t h e  s 

ponent i n  Fig.  6, t h e  Phase I11 mean SW heat ing  i n  t h e  l o  

i s  d e f i n i t e l y  l e s s  than Dopplick's;  t h i s  is  probably caus 

cloud amounts observed during GATE. 

Comparing t h e  Phase I11 mean p r o f i l e  wi th  t h e  c l e a r  

depic ted  i n  Fig. 7  i l l u s t r a t e s  t h e  e f f e c t s  of c louds on t 

divergence p r o f i l e  i t s e l f .  I n  t h e  mean, c louds tend t o  p 

t o t a l  divergence f o r  p re s su re s  l e s s  than 625 mb and l e s s  

gence f o r  h igher  pressures .  

o  d i s c r e t e  

an upper 

same cloud 

oncent ra t ing  

ud top a t  one 
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n of t h e  long- 
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ox (1978a,b) 
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greement i s  
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d by the  l a r g e  

ky p r o f i l e  
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I n  o de r  t o  f u r t h e r  a s s e s s  t h e  r o l e  of c louds i n  a l t e r i n g  t h e  atmo- 

sphe re ' s  a d i a t i o n  budget,  Figure 8 p re sen t s  t h e  Phase I11 average r ad i -  F 
ponents and t h e  ca l cu la t ed  c l e a r  sky components using Phase 111 

emperature and mois ture  p r o f i l e s .  For p re s su re s  l e s s  than 600 

l e  of c louds on t h e  longwave divergence i s  t o  i nc rease  the  

- 2 
e by 2 t o  4 Wm [ I00  mb]-l; f o r  p re s su re s  g r e a t e r  than 600 mb 

- 2 
gence i s  decreased by a s  much a s  15 Wm [ lo0  mb]-I. This  r e -  

a dramatic  d i f f e r e n c e  i n  t h e  v e r t i c a l  d i s t r i b u t i o n  of t h e  long- 

rgence between t h e  Phase I11 mean and t h e  c l e a r  case.  Compari- 

e SW component p r o f i l e  f o r  t h e  Phase I11 mean and t h e  c l e a r  SW 

s t h a t  c louds produce more s o l a r  hea t ing  a t  p ressures  l e s s  than 

d l e s s  hea t ing  a t  h igher  p re s su re s  than t h e  c l e a r  case.  Turn- 

o t h e  12 hour daytime t o t a l  r a d i a t i o n  divergence i n  Figure 8 

a t  e f f e c t s  of clouds on t h e  s o l a r  and longwave components tend 

i n  t h e  l a y e r s  100 t o  375 m b  and 650 t o  1000 mb while  i n  t h e  

oposphere (650 t o  375 mb), t he  two components r e i n f o r c e  one 

-2 
another  bhowing s u b s t a n t i a l l y  g r e a t e r  (". 5 Wrn [ I00  mb]-I) t o t a l  d i -  

To ummarize, t h e  n e t  e f f e c t  of c louds on t h e  mean GATE Phase I11 

24 hour o t a l  divergence p r o f i l e  i s  t o  i n c r e a s e  t h e  r a d i a t i v e  divergence t 
vergence 

f o r  p r e s  u r e s  l e s s  than 625 mb and t o  decrease  t h e  divergence f o r  pres- I 

i n  t h i s  l a y e r  than t h e  c l e a r  case .  

a t e r  than 625 mb. The 24 hour t o t a l  r a d i a t i v e  divergence va l -  

e 100 t o  625 mb l a y e r  f o r  t h e  c l e a r  case  and Phase 111 mean 

C -2 
- 2 

a r e  -10. Wm [ lo0  mb]-I and -13.7 Wm [ lo0  mb]-I r e spec t ive ly ;  t h e  

b -2 
same qua t i t i e s  f o r  t h e  625-1012 mb l a y e r  a r e  -22.0 and -13.8 Wm 

r e spec t ive ly .  That t h e  clouds cause s i g n i f i c a n t l y  g r e a t e r  

t h e  upper t roposphere while  suppressing t h e  cool ing of t h e  
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Figure 8. The r o l e  of c louds i n  modifying the  atmosphe e ' s  
r a d i a t i o n  budget i s  i l l u s t r a t e d  by comparing the  
GATE Phase 111 A/B-scale a r r a y  daytime LW, S and 
t o t a l  convergence p r o f i l e s  t o  t h e  c l e a r  sky 1 a l -  
c u l a t  i ons .  



lower t rbposphere i s  of s p e c i a l  s ign i f i cance .  This  v e r t i c a l  r e d i s t r i b u -  

t i o n  of he r a d i a t i v e  f l u x  divergence has  s i g n i f i c a n t  imp l i ca t ions  on I 
cumulus s c a l e  energy f l u x e s  (Yanai, Esbensen and Chu 

s c a l e  ene rge t i c s  (Albrecht and Cox [1975]) and t h e  

of t h e  GATE atmosphere. 

" were d i s  ussed i n  t h e  previous sec t ion .  Because clouds p lay  such a major 

2.2 

The 

r o l e  i n  betermining t h e  r a d i a t i v e  divergence,  i t  i s  appropr i a t e  t o  d i s -  

Cloud top pressure  d i s t r i b u t i o n  s t a t i s t i c s  

dominating e f f e c t s  of c louds upon t h e  mean divergence p r o f i l e s  

cuss  i n  o r e  d e t a i l  some of t h e  c loudiness  s t a t i s t i c s  generated f o r  I 
t h i s  s t u  y.  A l l  c loudiness  d a t a  presented i n  t h i s  s e c t i o n  r e f e r  t o  ii 
cloud t o  d i s t r i b u t i o n s  sensed by t h e  SMS-1 s a t e l l i t e  11 pm channel i. 
and c o r r  c ted  a s  explained i n  Sec t ion  1 . 3  of t h i s  paper.  It should be i. 
noted t h  t t h e  s a t e l l i t e  d a t a  d e t e c t  t h e  h ighes t  cloud tops  and con- I 
sequent lb ,  lower clouds may be obscured. Users of t h e  cloud top  d i s -  

t r i b u t i o  d a t a  compiled i n  t h i s  paper should be wary of t h i s  l i m i t a t i o n  I 
of t h e  dlata. 

F ig  r e  9 p re sen t s  t h e  average cloud top  d i s t r i b u t i o n s  f o r  t h e  B r 
a r r a y  du ing Phase 111. These d a t a  a r e  presented f o r  four  l o c a l  time F 
per iods  10000-0600; 0600-1200; 1200-1800; and 1800-2400 LST. There i s  

i n  t h i s  120 day sample an i n d i c a t i o n  of a  d i u r n a l  v a r i a t i o n  i n  cloud top 

he ight  d i s t r i b u t i o n  i n  t h e  middle and upper troposphere.  For t h e  0000- 

0600 and 

t h e  200 t o  300 mb l a y e r  and from 1800-2400 LST t h e  maximum i s  

t h e  400 t o  500 mb l a y e r .  To ta l  cloud amount i s  a l s o  l a r g e r  

060U-1200 LST per iods  t h e  cloud top pressure  most f r equen t ly  

observed 

f o r  t h e  1200-2400 LST per iod .  

was between 500 and 600 mb; from 1200-1800 LST t h i s  maximum 
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Figure  9. GATE B-scale a r r a y  cloud top p re s su re  d i s t r i  
I 1 L  I s t a t i s t i c s  and percentage  c l e a r  a r e a  f o r  t h e  

I11 mean c a s e  over t h e  t ime pe r iods  0000-060 
_ . I I .  1200, 1200-1800, 1800-2400 l o c a l  s tandard  t i  
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A fi/ve day convect ively d i s tu rbed  composite case  ( J u l i a n  Days 245, 

248, 256, 257, 259) i s  portrayed i n  Fig.  10. There i s  a c l e a r  d i u r n a l  

i n  both  upper t ropospher ic  c loudiness  and t o t a l  cloud amount. 

amounts i n  t h e  100 t o  200 mb l a y e r  a r e  approximately twice a s  

l a r g e  frdm 1200-1800 LST a s  during o the r  l o c a l  t ime per iods .  S imi l a r ly  

case  (Ju i an  Days 243, 244, 250, 251, 258) shown i n  Fig. 11 shows no i 

t h e  l a y e r s  

cloud  to^ 

The t o t a l  

t ime 

The 

r e a d i l y  dn te rp re t ab le  d i u r n a l  cyc l e .  Although t h e r e  is  v a r i a t i o n ,  t h e  

300 t o  400 mb and 200 t o  300 mb show s i g n i f i c a n t l y  g r e a t e r  

amounts dur ing  t h e  time per iods  1200-1800 and 1800-2400 LST. 

sky cover shows a  corresponding maximum during these  same 

per iods .  

cloud top  d i s t r i b u t i o n  f o r  t he  f i v e  day suppressed composite 

time cont(inuity one would expect  wi th  a  d i u r n a l l y  coupled phenomenon 

is  not  t de re .  Therefore,  i t  appears  t h a t  t h e  more d is turbed  cases  

dominate Ithe Phase I11 average cloud top  d i s t r i b u t i o n s  and a r e  respon- 

t h e  d i u r n a l  v a r i a t i o n  shown i n  Fig. 9. 

e  3 gives  t h e  24 hour mean cloud top  amount e s t ima te s  a s  a  

and t h e  d i s t u r b e d  and undisturbed samples. The e f f e c t s  of t h e  varying 

func t ion  

he igh t  d i s t r i b u t i o n  upon t h e  r a d i a t i v e  divergence p r o f i l e s  

ssed i n  t h e  fol lowing sec t ion .  

of he ight  over t h e  B-scale a r r a y  f o r  t h e  Phase I11 mean case  

2.3 

F i g ~ . r e s  

Phase 11:: 

wave and 

hour 

GATE Phase I11 r a d i a t i v e  divergence p r o f i l e s  

12 ,  13,  and 14 show a f u r t h e r  a n a l y s i s  of some of t h e  GATE 

d a t a  shown i n  Figures  6 and 7. Ind iv idua l  longwave, shor t -  

t o t a l  components a r e  shown f o r  t h e  daytime, n ight t ime and 24 

per:.ods. The Phase I11 average (20 days) ,  t h e  f i v e  most 
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Figure 10.  GATE B-scale a r r a y  cloud top p re s su re  d i  
s t a t i s t i c s  and percentage c l e a r  a r e a  f o r  
day d i s tu rbed  composite case  over t h e  t i  
0000-0600, 0600-1200, 1200-1800, 1500-24 
s tandard  time. 



Pressure Phase I11 Disturbed Undisturbed 
(mb 

Clear 12.6 4.8 23.2 

Table 3. Twenty-four hour mean cloud top pressure 
distributions over the B-scale array for 
Phase 111, the five most disturbed days 
and the five most suppressed days. 



Figure 11. 
statistics and percentage clear area for th five 
day suppressed composite case over the time 1 periods 
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2 12. GATE Phase 111 B-scale a r r a y  daytime LW, SW and 
t o t a l  convergence p r o f i l e s  f o r  t h e  f u l l  Phase I11 
mean, t h e  f i v e  day d i s tu rbed  and t h e  f i v e  day 
suppressed composite cases .  



Figure 13. GATE Phase 111 B-scale array nighttime LW, 
convergence profiles for the full Phase 111 
the five day disturbed and the five day 
composite cases. 
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F i g u r e 1 4 .  GATE Phase I11 B-scale a r r a y  24 hour LW, SW and 
t o t a l  convergence p r o f i l e s  f o r  t h e  f u l l  Phase I11 
mean, t h e  f i v e  day d i s t u r b e d  and t h e  f i v e  day 
suppressed composite c a s e s .  



convect ively d i s tu rbed  days and t h e  f i v e  most 

days which were s e l e c t e d  a f t e r  an in spec t ion  

played. The d i f f e r e n c e s  among t h e  t h r e e  members of each sdt of pro- 

f i l e s  a r e  pr imar i ly  caused by d i f f e r e n c e s  i n  cloud s t ruc tude .  Figure 

12 p re sen t s  t h e  LW, SW and t o t a l  components f o r  t h e  12 hou 

per iod .  Besides t h e  genera l  c h a r a c t e r i s t i c s  of t h e  Phase 

p r o f i l e  discussed i n  Sec t ion  2.1, Fig.  12 i l l u s t r a t e s  t h e  i ( i f fesences  

i n  t h e  SW and LW components which an a r e a  the  s i z e  of t h e  

shows during d i f f e r e n t  s t a g e s  of convection. I n  both t h e  

components t he  suppressed and t h e  d i s tu rbed  curves c ros s  id t h e  300 

t o  400 mb l a y e r .  I n  essence,  t h e  high clouds 

convection r e s u l t  i n  g r e a t e r  upper 

convergence i n  t h e  cloud tops .  

suppress  both t h e  SW and LW curves.  I n  c o n t r a s t ,  t h e  middqe and lower 

cloud regimes a s soc i a t ed  wi th  t h e  suppressed case  enhance 40th  t h e  LW 

divergence and SW convergence of t h e  middle and lower t ropdsphere.  The 

middle t ropospher ic  maxima shown i n  both  LW divergence and s w  conver- 

gence va lues  a r e  caused by ex tens ive  middle l e v e l  c loudine s observed 

on two of t h e  f i v e  suppressed days,  The ex i s t ence  of t h i s  c loudiness  i 
w a s  cdnflrmed from both su r f ace  and s a t e l l i t e  obse rva t ions .  I n  addi- 

t i o n ,  when t h e  water vapour r i c h  lower t roposphere i s  not  

c louds,  LW divergence and SW convergence by t h e  vapour bec 

s i g n i f i c a n t  a s  was i l l u s t r a t e d  i n  F ig ,  8. I n t e r e s t i n g l y ,  he d i f f e r -  1 
ences among t h e  t o t a l  r a d i a t i v e  divergence p r o f i l e s  f o r  t h i  12 hour 

daytime period a r e  s i g n i f i c a n t l y  l e s s  than among the  cornPodents them- 

s e l v e s ,  however, t h e r e  i s  a  d i s t i n c t  two l a y e r  s t r u c t u r e  i d  t h e  d i f f e r -  

ence between t h e  d i s tu rbed  and t h e  suppressed case.  The t d p  l aye r  



' 5  

extendin from 100 t o  550 mb shows t h e  d i s tu rbed  a r e a  l o s i n g  more r ad i -  

a t i v e  en rgy than t h e  undisturbed case .  Conversely, between 500 and i 
900 mb t$e suppressed days l o s e  more energy than t h e  d i s tu rbed  sample. 

The 12 h u r  n ight t ime case  i s  shown i n  F ig .  13 where only t h e  LW com- t 
ponent i$ presen t .  Comparing t h e  LW p r o f i l e s  i n  Fig. 12 with those  i n  

Fig.  13  Chows t h a t  t h e r e  is  l e s s  n ight t ime c o n t r a s t  between t h e  sup- 

pressed nd d i s tu rbed  days than i n  t h e  daytime. This i s  cons i s t en t  t 
with t h e  d i u r n a l  cloud s t r u c t u r e s  diagnosed i n  Sec t ion  2.1. However, 

t h e  LW c r v e s  i n  Fig. 1 3  should be compared with t h e  t o t a l  curves i n  t 
n i g h t  t h e  LW r e p r e s e n t s  t h e  t o t a l  r a d i a t i v e  forc ing .  

> I 

a  s i m i l a r  two l a y e r  s t r u c t u r e ,  however, t h e  l a y e r  

where t h  d i s tu rbed  case  l o s e s  more energy than the  suppressed is  s ign i -  P 
f i c a n t l y  h igher  (400-100 mb) and f o r  t h e  l a y e r  f  rom 400 t o  1000 mb t h e  

suppress  a case  l o s e s  more r a d i a t i v e  energy than i t s  counterpar t .  Also, f 
even thohgh t h e  LW d i f f e r e n c e s  between t h e  cases  were l e s s  a t  n igh t  

I I ,  ' 

than dur 'ng t h e  day, t h e  n ight t ime divergence d i f f e r e n c e  between 400 mb P 
and t h e  u r f ace  i s  approximately 5 t imes g r e a t e r  than t h e  t o t a l  curves I 
r a d i a t i o  p r o f i l e s  w i l l  be discussed i n  more d e t a i l  i n  Sec t ion  2.4 t 
show f o r  

Fig r e  14 d e p i c t s  t h e  24 hour va lues  of t h e  LW, SW and t o t a l  pro- t 

t h e  daytime case  i n  Fig.  12.  The d i u r n a l  behavior of t h e  

f i l e s .  t r ep resen t s  t h e  simple average of t h e  p r o f i l e s  presented i n  I 
2 and 13. No f u r t h e r  d i scuss ion  w i l l  be given of t h i s  f i g u r e  

r e a d i l y  i n t e r p r e t a b l e  from t h e  d i scuss ion  given previous ly .  

It hould be noted t h a t  t hese  suppressed and d i s tu rbed  composites I 
mask t h e  magnitudes of t h e  a c t u a l  v e r t i c a l  

g rad ien t s .  They a r e  means of 5  d i f f e r e n t  

days ove l  a  f a i r l y  l a r g e  a r e a ,  t h e  B-scale a r r a y .  Some information on 



t h e  g rad ien t s  t h a t  occur on smal le r  t ime and space s c a l e s  4an be found 

i n  t h e  next  two f i g u r e s  and i n  t he  c r o s s  s e c t i o n s  of ~ i ~ u r 4 s  1 7 ,  18 and 

The v a r i a b i l i t y  of t h e  r a d i a t i v e  divergence p r o f i l e s  is  i l l u s t r a t e d  

by comparing Figures  1 5  and 16 which p re sen t  t h e  two extre$e LW t ro-  

pospheric  divergence cases  deduced f o r  a  6 hour per iod f o r  1 t h e  

B a r r a y  during Phase 111. These f i g u r e s  r ep re sen t  a  highl$ convect ive 

o r  d i s turbed  case,  Fig. 1 5  from day 245, 1200-1800 LST, an4 a  suppresses 

case ,  F ig .  16 from day 258, 1200-1800 LST. The observed cjoud top d i s -  

t r i b u t i o n s  a r e  a l s o  shown f o r  t hese  two cases .  The LW t r o  ospher ic  d i -  P 
vergence f o r  t h e  d i s tu rbed  case  i s  -123.7 ~ m - ~  1912 mb]-I and -216.3 

~ m - ~  [912 mb]-I f o r  t h e  suppressed case ,  a  54% v a r i a t i o n  ahout t h e  mean. 

The d i f f e r e n c e s  i n  t h e  v e r t i c a l  d i s t r i b u t i o n s  of t h e  LW an4 SW com- 

ponents a r e  j u s t  a s  dramatic  and c l e a r l y  show t h e  magnitud of t h e  I 
v a r i a b i l i t y  i n  t h e  s e p a r a t e  components of t h e  r a d i a t i v e  bu 

2  
t r o p i c a l  a r e a  t h e  s i z e  of t h e  B-scale a r r a y  (Q 124,000 km 

t h e  daytime t o t a l  t ropospher ic  divergence f o r  t hese  two w i  e l y  d i f f e r e n t  d 
-2 

cases  is  -53.4 Wm [912 mb]-I f o r  t h e  d i s tu rbed  case  and 57.6 ~ r n - ~  t 
[912 mb]-I f o r  t h e  suppressed case.  This  remarkable const  ncy is  d i s -  

I b 
cussed f u r t h e r  i n  Sec t ion  2.5. 

2 .4  Diurnal  v a r i a t i o n  i n  t h e  GATE Phase I11 r a d i a t i v a  divergence 

p r o f i l e s  

The presence of t h e  d i u r n a l  v a r i a t i o n  i n  c loudiness  shown i n  Fig- 

u r e s  9  and 10 may induce a  s i g n i f i c a n t  d i u r n a l  modula.tion /in t he  r ad i a -  

t i v e  divergence p r o f i l e s .  The change i n  s o l a r  i r r a d i a n c e  bs a  func t ion  

of t ime dur ing  t h e  day a l s o  induces a  d i u r n a l  v a r i a t i o n  on( t h e  r a d i a t i v e  
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diverge  c e  p r o f i l e .  This e f f e c t  is  i l l u s t r a t e d  i n  t he  d a t a  presented ni 
k 4 ,  5 and 6. These t a b l e s  show t h e  B-scale a r r a y  average 

e p lus  longwave divergence p r o f i l e s  f o r  d i f f e r e n t  per iods  rang- 

2 hours  t o  10  hours centered  on l o c a l  noon; t hese  p r o f i l e  d a t a  

a r e  givdn f o r  a hypo the t i ca l  cloud-free ca se ,  t h e  f i v e  day suppressed 

t h e  t h e  f i v e  day convect ive ly  enhanced composite case  

and 6 r e spec t ive ly .  Shaded po r t ions  of t h e  t a b l e s  have 

p o s i t i v  va lues  (convergence) and unshaded po r t ions  conta in  negat ive  ei 
values  (ldivergence). Also shown f o r  comparison is  t h e  longwave com- 

ponent lone  which would r ep re sen t  t h e  n ight t ime divergence.  .i 
Tha 

d i u r n a l  

occurs  

f o r  

shows t e same genera l  f e a t u r e s  a s  t h e  cloud-free case.  However, t h e  'J 

cloud-free case  represented  i n  Table 4 i l l u s t r a t e s  t h e  expected 

trenld caused by changing sun angle.  The maximum s o l a r  hea t ing  

i n  t h e  two hour per iod  1100 t o  1300 LST r e s u l t i n g  i n  n e t  hea t ing  

I' 
pres su res  l e s s  than 700 mb and n e t  hea t ing  f o r  t h e  t o t a l  tropo- 

sphere.  

s e v e r a l  

per iods  

t h e  

th inne r  

LST, none 

i n c l u s i  n of t h e  observed cloud s t r u c t u r e  y i e l d s  s i g n i f i c a n t l y  g r e a t e r  1 

A s  t h e  averaging period i s  extended t o  l a r g e r  i n t e r v a l s ,  

t h ings  happen; between t h e  1000-1400 LST and t h e  0900-1500 LST 

t h e  t o t a l  t ropospher ic  divergence changes s ign ;  t h e  reg ion  of 

t roposphere which experiences n e t  convergence becomes progress ive ly  

I 
and h igher ;  and f o r  t h e  twelve hour daytime i n t e r v a l ,  0600-1800 

of t h e  l a y e r s  show hea t ing .  Table 5, i . e .  t h e  suppressed case ,  

The c l o  d s t r u c t u r e  doubles and quadruples t h e  t o t a l  t ropospher ic  conver- x gence i t h e  1100-1300 LST and 1000-1400 LST time pe r iods ,  r e spec t ive ly .  

hea t ing  

t h e  convect ively d i s tu rbed  case ,  shows some s i g n i f i c a n t  

t h e  previous two t a b l e s .  F i r s t ,  t h e  t o t a l  t roposphere 

i n  t h e  lower t roposphere,  due t o  t h e  suppression of LW cool ing.  



- -48- .__________________.____..___.____I_._____-.-__ _--__.-- 

P r e s s u r e  Local  t ime 1100-1300 1000-1400 0900-1500 0800-1600 Oi00-1.700 0600-1800 IROrJ-0609 
(mh) NIGHT -- - -- -- .- - - - -- .- .. - 
100 

- 0 . b  -5.8 
200 

-15.0 
300 

-22.7 
400 

- 2 3 . 9  
500 

-.?6. 1 
600 

-27.6  
700 

-9.0 -9.9 -11.2 -13.1 -15.3 -17.8 I - 3 . 1  
890 

-10.1 -10.9 -1.;?.2 -13.9 -16.0 -33.6 
900 

-0.7 -1.5 -2.7 -4.4 -6.4 -23 .2  
1000 

-1.8 -1.9 -2.0 -2.2 -2 .4  - 4 . 4  

Table  4. Verticapl p r o f i l e s  of t h e  t o t a l  d ive rgence  (SW p l u s  LW) f o r  c l e w  skv cond i t i ons  f o  
t ime and f o r  p e r i o d s  from 2 t o  12 hou r s  l n n ~  c e n t e r e d  on l o r d 1  norn. Sha : i cd ' yca s  
r e g i o n s  of a c t u a l  r a d i a t i v e  h e a t i n g ;  r ~ n l t s  a r e  w a r t s  pe r  squa re  meter  p e r  pnessure  

P r e s s u r e  T.ocal Time 1100-1300 lflfln-1400 0900-1500 08nC-! bo0 07!)0- 1 i f ! ( !  o~c!:;.. l ?c( 
(hours)  

1.01.2 

TTD - -. .- - -- 12.1.. -. ::L5.:.5 ..:I?..?. ..1. . :PC?. 1 
Table  5. V e r t i c a l  p r o f i l e s  of t h e  t o t a l  d ivergence  (SW p l u s  LW) over  t h e  R-sra l r .  nrr. ly frrr h c  T i \ (  dav 

gunoressed  c o m ~ o s i t e  case f o r  tltc n igh t t ime  :111d f o r  daytltnc pe r i ods  r ;~n! : i~~g fratr 2 t o  I.! I I C > I ; I S  
l ong  cen t e r ed  on l o c a l  noon. Shaded a r e a s  i n d i c o t e  r eg ions  of a c t u a l  r a d i a t i v e  l i r ~ t j n g ;  u n i t s  
a r e  w a t t s  p e r  squa re  meter  pe r  p r e s s u r e  i n t e r v a l .  I 

- 
P r e s s u r e  Local  t ime 1 1 0 0 3 3 0 0  1000-1400 0900-1500 0800-1600 0700-1700 

TTD -5.8 -11.2 -I9ef3 -31.3 -45.0 -60.9 - 
Tab le  6. V e r t i c a l  p r o f i l e s  of t h e  t o t a l  d ive rgence  (SIJ p l u s  Lk') ovc r  t'le B-scale a r r a y  €01- 

diffturbed composite c a s e  f o r  t h e  n igh t t ime  and f o r  dayl ime pe r i ods  r , lnging from 2 
long cen t e r ed  on l o c a l  noon. Shaded a r e a s  i n d i c a t e  r eg ions  of a c t i ~ e l  r a d i a t i v e  
a r e  wat' p e r  squa re  meter p e r  p r e s s u r e  i n t e r v a l .  

- :=.(1. 
].he f i v e  dav 
ro  I ?  Frtlr.; 

h e . ~ t i n g ;  i t n i t s  



always dhows a n e t  r a d i a t i v e  l o s s  and secondly, t h e  reg ion  experiencing 

d i a t i v e  ga in ,  even during midday, i s  confined t o  pressures  l e s s  

Ta l e  7 shows hour by hour B-scale average t o t a l  (SW p lus  LW) r ad ia -  i 
t i v e  d i  ergence p r o f i l e s  f o r  t h e  f i v e  day suppressed case.  The shaded .i 
e n t r i e s  lagain r ep re sen t  a c t u a l  r a d i a t i v e  hea t ing .  These t abu la t ions  

graphic l l y  d e p i c t  t h e  d i u r n a l  v a r i a b i l i t y  i n  t h e  r a d i a t i v e  divergence 

p r o f i l e  1 . I n  t h e  1100-1300 LST t i m e  per iod n e a r l y  80% of t h e  t roposphere 

lly being r a d i a t i v e l y  heated wi th  a  t o t a l  t ropospher ic  ga in  of 

[912 mb]-I. Before 0900 and a f t e r  1500 LST only t h e  100 t o  

- 2 
ayer  is being r a d i a t i v e l y  heated and t h e  TTD is  -65.5 Wm [912 

p o s i t e  a s e  a r e  given i n  Table 8. I n  c o n t r a s t  t o  t h e  suppressed case ,  4 

-1 
mb] . 

-&a4 
of 4 

oon t h e  d i s tu rbed  case  shows only Q, 45% of t h e  t roposphere 

-2 
i v e l y  heated and t h e  TTD is  -5.8 Wm [912 mb]-l. I n  t h e  

0900 LST and 1500-1600 LST t h e  TTD i s  remarkably c l o s e  t o  

-2 
ed case ,  i . e .  -65 .& v s .  -65.5 Wm 1912 mb]-l. However, t h e  

- 2 ss i s  -171.6 Wm , approximately 15% l e s s  than t h e  suppressed 

These TTD va lues  may be compared with t h e  n ight t ime average l o s s  

~m-' [912 mb]-I. The corresponding d a t a  f a r  t h e  d is turbed  com- 

On ques t ion  which immediately a r i s e s  i s ,  i f  d i s tu rbed  and undis- 
case* I ' 
turbed egions a r e  loca ted  ad jacen t  t o  one another ,  how quickly do t h e  i 
dynamic of t h e  atmosphere respond t o  t h e  energy imbalances produced by i 

zon ta l  d i f f e r e n c e s  i n  r a d i a t i v e  divergence? Keeping i n  mind 

va lues  shown i n  Tables 7 and 8 r ep resen t  l a r g e  a r e a  averages 

B a r r a y ,  l e t  us t ake  t h e  d i f f e r e n c e  between corresponding en- 

t r i e s  ii t h e  two t a b l e s .  Table 9 g ives  t h e  r e s u l t s  of making t h i s  

d i f f e r e  c ing  computation. i 



. - - 
Pres su re  Local  t ime 11.00-1200 1000-1100 0900-1000 0500-0900 0700-OR00 0600-0730 

(mb) (hours)  and and and and and ' and 
0-1600 1600-1700 OO~l_l.O_~P~j-~r!O_O_o_o 

100 
-2.6 -4 . H 

200 
-8.7 -13.4 

300 
-10.8 -19.1 

400 
-12.6 -21 :6 

500 
-18.2 -27.4 

600 
-17.7 -25.9 

700 

-3.2 -3.3 -3.4 -3.5 -3.7 -3.8 
1012 

TTD -- -23.2 -65.5 -117.0 -17'..A -- .- -- . .- . . - 
Table  7. V e r t i c a l  p r o f i l e s  of  t h e  n igh t t ime  and t h e  hy h ~ ~ r  daytime A-scale a r r a y  t v t a l  d 

(SW p l u s  LW) f o r  t h e  f i v e  day suopressed c o r n ~ o s i t e  casp. Slraded a r e a s  i n d i c a t e  r eg i c  
a c t u a l  r a d i a t i v e  hea t i ng ;  u n i t s  a r e  w a t t s  pe r  squa re  meter per  p r e s su re  in ter7 .d . .  

-- -- - - .- . - - -- -- 
Pres su re  Local  t ime 1100-1200 11100-1100 0900-1000 0800-0900 

imb) (I-lours) and and :in d 

100 

200 

300 

400 

and 
1500-1600 --- 

and and 
1600-1700 1700-I%% -- 

'PTD -5.8 -16.5 -36.9 -65.6 -100.8 -140.4 

T.lbli' 8. V e r t i c a l  ~ p r o f i l c r  of the, nigt11.t imp and t h e  LOII~ by ! I C ~  daytime B-scale a r r a y  t o t a l  i 
(Sk' p lus  Lii)  f o r  the! f i v e  day disturbed composite ca se .  Sh;~d(.d a r e a s  i n d i c a t e  reg401 
a c t u a l  r a d i a t i v e  hea t i ng ;  u;,-its arc5 w n L ~ s  per squa re  meter per p r e s su re  i n t e r v a l .  

' I -- - . -- -- - - - - -- - -- - - -- 
Pres su re  Local t ime 1100-1200 1000-1100 0900-1000 0800-090Q Oi90-0800 0600-0'20 

(mb) (hours)  and and and nlrd ~ n d  d!>d 

1012 

TTD -22.9. -23 .0  5'31.7 ..... 

Table 9. V e r t i c a l  p r o f i l e s  of t h c  d i i f e r e n c e  i n  B--.;I:;I;~. t o t a l .  dibc-rgcilcc, oi:;!l!.tire 2nd 1,oor 
daytime, from the  d i s tu rbed  ce.*rnp~~oit.e ? i r  t h c  ~iuppress .~r l  c'>!r~pcsil:i, :.n!ic (1al)lc 8 n ~ i n : ~  
Shaded ar i n d i c a t e  r eg ions  ri11i.r~ t1.c. disL:~rt;ed !:as? i s  g;:ining nc're (,,r Irssjni: It.' 
than t h e  ..ppressed a r e a .  C n i t s  a r e  w a t t s  pe r  square  meter per  p r e s n l ~ r e  i n t e r v a l .  

-- 
800-0600 
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d i t i o n  w 4 e r e  t h e  d i s tu rbed  reg ion  i s  ga in ing  more (o r  l o s i n g  l e s s )  

The 

power pe u n i t  a r e a  per  p re s su re  i n t e r v a l  by r a d i a t i v e  processes  than T 

-51- 

., . , 

p o s i t i v e  e n t r i e s  i n  Table 9 (shaded a r e a s )  r ep re sen t  t h e  con- 

t h e  supp essed reg ion  and v i c e  ve r sa  f o r  t h e  negat ive  e n t r i e s .  These ? 
a s i g n i f i c a n t  d i u r n a l  v a r i a t i o n  i n  t h e  d i f f e r e n c e  between t h e  

. .  J * 

and suppressed cases .  Indeed, t h e  g rad ien t  changes s i g n  f o r  

a l l  l a y e  s except 300 t o  400 mb where t h e  suppressed region c o n s i s t e n t l y  t 
ga ins  en rgy r e l a t i v e  t o  t h e  d i s tu rbed  r eg ion  through t h e  24 hour day. i 
Solar  ab o rp t ion  by high clouds accounts  f o r  t h e  reg ion  of p o s i t i v e  va l -  f 
ues  f o r  d re s su re s  l e s s  than 300 mb between t h e  hours of 0800 and 1600 

LST. Th s e  same clouds a c t  a s  a  v e i l  and shade t h e  lower t roposphere t 
from SW e a t i n g  i n  t h e  d i s tu rbed  reg ion  thereby r e s u l t i n g  i n  an e f fec-  Ib 
t i v e  coo ing of t h e  middle and lower t roposphere,  The p o s i t i v e  va lues  1 
i n d i c a t e  f o r  p re s su re s  g r e a t e r  than 400 mb a r e  a  r e s u l t  of s t ronge r  LW t 

e suppressed a r e a  a s soc i a t ed  wi th  i t s  predominantly c l e a r  

t ropospher ic  clouds.  The nega t ive  va lues  i n  t h e s e  lower 

noon a r e  caused by s o l a r  hea t ing  i n  t h e  suppressed 

a r e a  com ensa t ing  f o r  t h e  l a r g e r  longwave l o s s e s ,  You may n o t e  t h a t  no P 
negat ive  va lues  a r e  found f o r  t h e  n ight t ime case  f o r  pressures  g r e a t e r  

A t  h igher  l e v e l s ,  however, t h e  n ight t ime s i g n  r eve r se s .  

by t h e  l a r g e  longwave l o s s e s  from t h e  high clouds i n  t h e  

d is turbed  a rea .  You w i l l  no t e  t h a t  t hese  l o s s e s  a r e  overpowered by 

s o l a r  hea t ing  f o r  only a  r e l a t i v e l y  few hours  surrounding l o c a l  noon. 

The preceding d i scuss ion  revealed t h e  temporal v a r i a t i o n  and t h e  

r a d i a t i v s  d i f f e r e n c e s  between suppressed and d i s tu rbed  composite cases .  

1 1  

I n  order  t o  explore  t h e  s p a t i a l  r e l a t i o n s h i p s  between r a d i a t i v e  char- 

a c t e r i s t ' c s  assoc ia ted  wi th  d i s tu rbed  and s.tippressed convect ive a r e a s  P 



we have s e l e c t e d  Day 248, a convec t ive ly  a c t i v e  day i n  t h e  B 

Figure 17 shows an SMS-1 s a t e l l i t e  v i s i b l e  photograph ( t w )  

photograph (bottom) dep ic t ing  t h e  cloud organiza t ion  and 

r e s p e c t i v e l y ,  w i th in  t h e  A/B-scale a r r ay .  The most 

a r e  t h e  convect ive ensembles, one n e a r l y  c i r c u l a r  

21°W and t h e  o t h e r  a t  9.5ON, 24OW. Also ev ident  

i s  an ex tens ive  lower cloud deck and c l e a r  reg ion  i n  t h e  soluteern sec- 

t o r  of t h e  A/B-scale a r r ay .  These cloud f e a t u r e s  may be d i re lc t ly  asso- 

c i a t e d  wi th  t h e  ana lyses  of r a d i a t i v e  divergence shown i n  ~ i ~ b r e s  18- 

20. 

Figure 18  shows t h e  s p a t i a l  r e l a t i o n s h i p  between 

The o r d i n a t e  is pressure ,  from 100 mb t o  1000 mb, and t h e  

l a t i t u d e ,  r ep re sen t ing  a north-south l i n e  through t h e  cen te r  

A/B-scale a r r a y ,  a t  23.5OW longi tude .  The c r o s s  s e c t i o n  uses  

f i e l d  from t h e  day l igh t  hours  of Day 248, a convec t ive ly  a c t i v e  

I 
t h e  B-scale a r r a y .  The top  p o r t i o n  of t h e  f i g u r e  r ep re sen t s  

r a d i a t i v e  budget between t h e  hours  of 1000 and 1400 LST. A s  

t h e  surrounding c l e a r e r  a r eas .  Below 300 mb t h e  g rad ien t  r evb r ses  and 

a b s c i s s a  i s  

of t h e  

t h e  cloud 

day i n  

t h e  t o t a l  

discussed 

r eg ions  a r e  deepes t  ( g r e a t e s t  p re s su re  th ickness)  of t h e  nor t5ern  

southern kdges of t h e  c r o s s  s e c t i o n ,  i n  t h e  suppressed a rea .  

t h e  s t r o n g e s t  hea t ing  occurs  i n  t h e  high clouds d i r e c t l y  bver  

d i s tu rbed  reg ion ,  a t  gON l a t i t u d e .  Note t h a t  t h e  g rad ieq t  i s  

between 200 and 300 mb wi th  t h e  d i s tu rbed  r eg ion  being heated 

t h e  suppressed reg ions  are being heated more than t h e  d i s tu rbed  a r e a .  

p rev ious ly  t h e r e  a r e  l a r g e  reg ions  of a c t u a l  r a d i a t i v e  hea t ing .  These 

and 

However, 

t h e  most 

outward 

more than 

The lower po r t ion  of t h e  f i g u r e  t a k e s  t h e  same cloud f i e  

t h e  top ,  bu t  now t h e  LW component a lone  i s  shown. This  is  ea 



1 I SMS - I  DAY 2 4 8  VISIBLE 

S M S - I  DAY 248 IR 
Figure 17. visible photograph (top) and infrared photograph (bottom) from 

the SMS-1 satellite at 12:30Z on September 5, 1974 (Julian Day 
248) depicting A/B-scale array cloud organization and height 

I regimes. 
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Figure 18. A p r e s s u r e  v s .  l a t i t u d e  ( a t  23.5OW l ong i tude )  c ro s s -  
s e c t i o n a l  view of t h e  A/B-scale  a r r a y  f o r  t h e  0600- 
1800 LST per iod of Day 248. The t op  p o r t i o n  of t h e  
f i g u r e  d e p i c t s  t h e  1000-1400 LST t o t a l  (SW p l u s  LW) 
r a d i a t i v e  d ivergence  ( ~ m - ~  [ l o 0  mb]-1) and t h e  b o t t o  
p o r t i o n  d e p i c t s  t h e  LW component on ly  (n igh t t ime  
t o t a l ) .  Also shown i s  t h e  magnitude and d i r e c t i o n  o  
t h e  h o r i z o n t a l  r a d i a t i v e  d ivergence  g r a d i e n t  a t  two 
p o i n t s  (arrows po in t  towards r eg ions  of g r e a t e r  
d ivergence)  . 



t o  a s s  ming a s teady  s t a t e  cloud f i e l d  and then  fol lowing i t s  advec t ive  .I 
motion i n t o  t h e  n ight t ime hours.  Now, of course,  t h e r e  is r a d i a t i v e  

l o s s  a a l l  l e v e l s .  But,  a t o t a l  r e v e r s a l  of t h e  r a d i a t i v e  g r a d i e n t s  li 
has' ocdurred. The suppressed a r e a s  a r e  cool ing more than t h e  d i s tu rbed  

a r e a  a a l l  p r e s su re s  g r e a t e r  than 300 mb and j u s t  t he  oppos i te  a t  i 
pressu  e s  l e s s  than 300 mb. The r eg ion  d i r e c t l y  above t h e  d i s tu rbed  t 
a r e a  i now l o s i n g  energy more r a p i d l y  than  t h e  surrounding a r e a  due t 

of t h e  r a d i a t i v e  fo rc ing  i s  now c l e a r l y  seen. 

i -2 From d y t o  n i g h t  a range of a s  much a s  56 Wm 1100 mbl-I (+ 16 t o  - 

40) f o t  t h e  same region  i s  poss ib l e .  Hor izonta l  g r a d i e n t s  a t  n i g h t  a r e  

t - 2 
t yp i ca  l y  15  - 25 Wm [ lo0  mb]-I over a 110 ki lometer  d i s t a n c e  a t  t h e  

e l y ,  of each of t h e  t h r e e  p a r t s  ( a ,  b y  and c )  of F igures  19  and 

e t h r e e  views r ep resen t ,  from top  t o  bottom, t h e  100-400 mb 

t h e  400-700 mb l a y e r  and t h e  700-1000 mb l a y e r .  Figure 1 9  d i s -  

bounda:cy 

To 

f i e l d s ,  

day, 

p lays  bhe longwave divergence component (n igh t  t ime t o  t a l  divergence) 

of t h e  d i s tu rbed  a rea .  

I 
complete a t h r e e  dimensional view of t h e  r a d i a t i v e  divergence 

we have p l o t t e d  a "slab" view of t h e  A/B a r r a y  f o r  t h e  same 

248. L a t i t u d e  and longi tude  a r e  t h e  o r d i n a t e  and absc i s sa ,  re- 

and ~ i k u r e  20 shows t h e  daytime t o t a l  divergence f o r  t h e  1000-1400 LST 

per iod .  I I 
s/canning t h e  LW divergence from top  t o  bottom of Figure 19,  s e v e r a l  

t h ings  a r e  apparent .  F i r s t ,  t h e  h o r i z o n t a l  divergence g r a d i e n t s  a r e  

i n  t h e  400-700 mb l a y e r  than  i n  t h e  o the r  two l a y e r s ,  pa r t i cu -  

100-400 mb l a y e r .  Second, t h e r e  i s  a d i s t i n c t  tendency, a t  

a l l  t r e e  l e v e l s ,  f o r  t h e  i s o p l e t h s  t o  run i n  t h e  E-W d i r e c t i o n .  The Y 



Figure 19.  A l a t i t u d e  v s .  l ong i tude  "slab" view of t l  
divergence (n ight t ime t o t a l  divergence)  07 

A/B-scale a r r a y  on Day 248.  The t h r e e  pol 
of t h e  f i g u r e  a r e :  a )  t h e  100-400 mb lay(  
b) t h e  400-700 mb l a y e r ;  c )  t h e  700-1000 I 

l a y e r .  Uni t s  a r e  ~ m - 2  [300 mb]-l. 

b LAYER 

sr t h e  
t i ons  



a) 100 400 mb LAYER 
121.-I I 1 1 1 1  I I I I 1 1  I 1 1  

F i g u r e  20. 

b) 400 - 700 mb LAYER 

C )  700 - 1000 mb LAYER , : ,  Is> , , - I  I 

* 
A l a t i t u d e  vs .  l ong i tude  "slab" view of t h e  1000- I 

1400 LST t o t a l  (SW p lus  LW) divergence over t h e  
A/B-scale a r r a y  on Day 248. The t h r e e  po r t ions  - .  
of t h e  f i g u r e  a r e :  a )  t h e  100-400 mb l a y e r ;  b) 
t h e  400-700 mb l a y e r ;  c) t h e  700-1000 mb l a y e r .  r ' ! ,  ! .? 

Units  a r e  ~m-2 [300 mb]-1. 



divergence f i e l d s  (and cloud f i e l d s )  a r e  no t  a x i a l l y  symme r i c  bu t  9 
tend t o  be elongated i n  t h e  E-W d i r e c t i o n .  Third,  t h e  kwo llowest 

l a y e r s  show divergence minima i n  t h e  cen te r  of t h e  A/B a r r d y  with 

l a r g e r  divergence p r i n c i p a l l y  t o  t h e  no r th  and south.  The h i g h e s t  

l a y e r ,  10~0-400 mb, shows t h e  oppos i te  g rad ien t ,  a l though i is  some- 

what weaker. I , 
The daytime (1000-1400 LST) t o t a l  divergence shown i n  Figure 20 

has some s i m i l a r i t i e s  wi th  t h e  LW component. The same tendency toward 

E-W i s o p l e t h s  is  seen i n  a l l  t h r e e  l a y e r s  with t h e  grea tesd  g rad ien t s  

i n  t h e  400-700 mb l a y e r .  The d i r e c t i o n  of t h e  g rad ien t ,  hdwever, is  

reversed from t h e  n ight t ime case .  The two lowest l a y e r s  hdve g r e a t e r  

divergence i n  t h e  cen te r  of t h e  a r r a y  and gene ra l ly  lower qa lues  t o  t h e  

no r th  and south .  The 100-400 mb l a y e r  has  q u i t e  weak g rad ien t s  bu t  i n  

a d i r e c t i o n  oppos i te  t o  t h e  lower l a y e r s .  I n  add i t i on ,  a l l  t h r e e  l e v e l s  

nave a t  l e a s t  some reg ions  of a c t u a l  r a d i a t i v e  hea t ing .  I f a c t ;  t h e  

top  l a y e r  i s  completely p o s i t i v e  (convergence) with small  egions show- 

I 
ing  a p o s i t i v e  budget f o r  t h e  two lower l e v e l s .  The prece  1 ing  d i s -  

cuss ion ,  t a b l e s  and f i g u r e s  p re sen t  examples of d i u r n a l  and s p a t i a l  

v a r i a t i o n s  of r a d i a t i v e  divergence i n  t h e  GATE B-scale a r rdy  atmosphere. 

The magnitudes of t h e  v a r i a b i l i t y  appear adequate t o  exp la in  a t  l e a s t  

some of t h e  d i u r n a l  v a r i a t i o n s  i n  cloud cover and p r e c i p i t  t i o n  repor ted  

by Gray and Jacobson (1977) and McGarry and Reed (1978). 

t h e  ques t ion  posed a t  t h e  beginning of t h i s  d i scuss ion ,  t h d t  i s ,  how 

f a s t  does t h e  t r o p i c a l  atmosphere respond t o  t h e  v e r t i c a l  4nd h o r i z o n t a l  

energy divergence g r a d i e n t s  imposed by r a d i a t i v e  processes  

be answered. We f e e l  i t  is  beyond t h e  scope of t h e  p r e s  

t i o n  t o  give an answer, a l though i t  i s  c r u c i a l  t o  a compleQe 



rlndersdanding of t h e  d i u r n a l  v a r i a b i l i t y  of t r o p i c a l  p r e c i p i t a t i o n  

~ 4 ~ u r e  21 p re sen t s  a  time s e r i e s  of t h e  t ropospher ic  (100 t o  1012 

2.5 

r b )  l o  gwave divergence and 12 hour daytime t o t a l  t ropospher ic  d iver -  

gence 1 TTD) [shortwave + longwave] f o r  t h e  e n t i r e  Phase 111 period.  

To ta l  t ropospher ic  divergence v a r i a b i l i t y  

i o d i c i t i e s  shown i n  t h e  longwave p r o f i l e  correspond t o  e a s t e r l y  

ough passages and t h e i r  a t t endan t  cloud s t r u c t u r e s .  There a r e  

s i g n i f  can t  v a r i a t i o n s  i n  t h e  longwave divergence ranging from a minimum t 
-2 of -124 ~ m - ~  on Day 245 t o  a  maximum of -216 Wm on Day 258. On t h e  

o t h e r  4and, t h e  daytime t o t a l  divergence (shortwave + longwave) i s  ex- 

4 - 2 
tremel  s t a b l e ;  t h e  f u l l  range of v a r i a t i o n  is  only 20 Wm over t h e  20 

top  s t r u c t u r e  observed over t h e  B-scale a r r a y  dur ing  t h e  

f o r  t h e  suppressed and d i s tu rbed  composite cases  r e f e r r e d  

day 

havior  

stood 

t ropospheric  

func t ion  

t o  e a r  / ier. The d i f f e r e n c e  between t h e  shortwave and longwave curves 

period even though cloud s t r u c t u r e  var i&d dramat ica l ly .  This  be- 

of t h e  daytime t o t a l  t ropospher ic  divergence may be b e t t e r  under- 

by r e f e r r i n g  t o  Figure 22. This  f i g u r e  shows t h e  average daytime 

shortwave convergence and longwave divergence va lues  a s  a  

of cloud top  pressure .  The v e r t i c a l  b a r s  i n  Figure 22 r e f e r  

n t s  t h e  daytime t o t a l  t ropospher ic  divergence.  One n a t e s  t h a t  

ud top  pressures  g r e a t e r  than 600 mb t h i s  d i f f e r e n c e  i s  nea r ly  

t. For cloud top pressures  l e s s  than 600 mb t h e r e  i s  s i g n i f i c a n t  

l i t y  i n  t h e  t o t a l  n e t  r a d i a t i o n  divergence i n  t h e  troposphere.  

-2 
range from a maximum of -92 Wm 1912 mbl-I f o r  a cloud top  a t  

t o  a  minimum of -15 ~ m - ~  [912 mb]-I f o r  a  cloud top a t  100 mb. 
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Figure 

TOTAL TROPOSPHERIC CONVERGENCE/ I DIVERGENCE (w/rn2) [100 mb]-I t 1 T 9  

I -!. ~ , , l  

I. Tropospheric SW convergence and LW divergence 
(bottom abscissa) as a function of cloud top 

J 
pressure. Also indicated is the daytime cloud 
top pressure distribution (top abscissa) over 
the B-scale array for the five day disturbed 
and the five day suppressed composite cgsea, 

r 
, . 



I f  one weights t h e  daytime t o t a l  t ropospher ic  divergence byl t h e  cloud 

amount a t  each l e v e l  one may c a l c u l a t e  t h e  average TTD-valu 

I 
cloud top  d i s t r i b u t i o n .  This  computation r e s u l t s  i n  a va lu  

- 2 -2 
Wm [912 mbl-I f o r  t h e  suppressed case  and -60.9 Wm [912 

- 1 
f o r  

t h e  d is turbed  sample even though t h e  cloud d i s t r i b u t i o n s  a r $  dramat ica l ly  

d i f f e r e n t .  Quan t i t a t i ve ly  t h i s  s t a b i l i t y  may be expressea 

of t h e  daytime TTD over t h e  B a r r a y  f o r  Phase I11 of GATE_: 

1 
[912 mb]-I wi th  a s tandard dev ia t ion  of 5 .2 ,  whi le  t h e  c o r r  

q u a n t i t i e s  f o r  daytime va lues  of longwave divergence a l m e  o r e  = 

-186.0 ~ m - ~  [912 mbl-l, 0 = 24.7 and f o r  t h e  shortwave convergence 

- 2 
alone a r e  p = 125.7 Wm 1912 mb]-l, o = 25.6. 

This  near  constancy of t h e  daytime TTD has  a  potential:^ very  

b e n e f i c i a l  app l i ca t ion  i n  t h e  in fe rence  of su r f ace  r a d i a t i o  budgets i n  

t h e  maritime t r o p i c s  from s a t e l l i t e s .  During the  daytime h u r s  t h e  

primary v a r i a b l e  i n  t h e  su r f ace  t o t a l  n e t  (upward minus do 1 ward) r ad i -  

a t i o n  is  t h e  downward shortwave component. For l a r g e  amounds of water 

vapour i n  t h e  atmosphere t h e  downward longwave i s  q u i t e  insd .ns i t ive  t o  

-2 cloud s t r u c t u r e  and a s  a r e s u l t ,  v a r i e s  by only Q ' 10  Wm ; t he re fo re ,  
I el a s  a f i r s t  approximation one map presume t h a t  t h e  LW su r f ace  n e t  rad ia-  
l 

t i o n  is cons t an t .  I f  t h e  TTD is a l s o  n e a r l y  cons tan t  and or.e measures 

d i r e c t l y  t h e  upward LW and r e f l e c t e d  SW components by t h e  s a . t e l l i t e ,  

t h e  downward SW r a d i a t i o n  a t  t h e  s u r f a c e  may be deduced from simple 

energy conservat ion p r i n c i p l e s ,  O f  course ,  t h e  technique ma.y be embel- 

l i s h e d  t o  account f o r  t h e  secondary e f f e c t s  of c louds on t h e  LW down- 

ward component a t  t h e  sur face .  

F igure  23 shows extreme v a l u e s  i n  t h e  TTD and each of i t s  com- 

ponents f o r  t h e  B-scale a r r a y  f o r  d i f f e r e n t  averaging pe r io<s  during 



I I I I I I I I I I I 

o f f 1  2 3 4 5 6 7 8 9 10' 
6 h - - - - ~  I 

12 h - - I  
LENGTH OF AVERAGING PERIOD (DAYS) 

.e -,. Extreme v a l u e s  of t h e  B-scale a r r a y  t r oposphe r i c  
d ivergence  f o r  t h e  LW, SW and t o t a l  components 
f o r  d i f f e r e n t  temporal averaging pe r iods .  
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Phase 111. Only t h e  TTD w i l l  b e  discussed al though t h e . r e a  

i t  u s e f u l  t o  r e f e r  t o  t h e  ind iv idua l  components i n  in te , rpre+ing  t h e  TTD 

envelope. The maximum range of extreme va lues  is  f o r  t h e  6 hour aver- 

aging i n t e r v a l ,  t h e  s h o r t e s t  averaging period considered;  t e d i f f e r -  4 
ence between maximum-minimum values  is  Q 40 ~ m - ~  [912 mb]-'/ This 

range decreases  t o  Q 12 and 5 ~ r n - ~  [912 mb]-I f o r  3 and 6 d 1 y averaging 

per iods ,  r e spec t ive ly .  The r a t e  of decrease  beyond 6 days .s very  i 
gradual .  I n  essence,  t h i s  6 day period corresponds approxida te ly  t o  

t h e  passage-time of two e a s t e r l y  waves through t h e  B-scale d r r ay ;  a f t e r  

two complete cyc les  have been sampled, a d d i t i o n a l  cyc l e s  d i d t u r b  t h e  

average very  l i t t l e .  

Figure 24 is  th,e companion f i g u r e  t o  Figure 23; t h e  ra&e (minimum 

minus maximum) of t h e  24 hour average TTD i s  presented f o r  4 i f f e r e n t  

Figures  25 and 26 d e p i c t  north-south and east-west crods s e c t i o n s  

s i zed  a r e a  elements. Again confining our a t t e n t i o n  t o  t h e  

-2 
we s e e  a r e l a x a t i o n  of t h e  range from 38 Wm [912 mb]-I t o  

[912 mb]-1 f o r  an a r e a  113 t h e  s i z e  of t h e  B-scale a r r a y  ant. 

a r r a y  i t s e l f ,  r e s p e c t i v e l y ,  however a f u r t h e r  expansion of 

I 
a f a c t o r  of ". 5 l e a d s  t o  a reduct ion  of t h e  range t o  only 

[912 mbl-l. 

through t h e  cen te r  of t h e  A/B s c a l e  a r r a y  (8.5'N, 23.5"W) 09 fou r  rad ia-  

t o t a l  curve, 

27 ~ r n - ~  

t h e  B-scale 

f:he a r e a  by 

I 

a ,ou t  20 ~ m - ~  

t i v e  parameters.  The p l o t s  r ep re sen t  t h e  t o t a l  t ropsopher i  (100-1012 i 
-2 

mb) divergence va lues  i n  Wm [912 111b1-l~ of each parameter 1 and a r e  

averaged and p l o t t e d  every 112 degree l a t i t u d e  o r  longi tude  a s  appropri-  

a t e .  The t h r e e  curves i n  each s e c t i o n  d e p i c t  t h e  GATE Phas 1 I11 mean, 

t h e  5 most convec t ive ly  d i s tu rbed  days and t h e  5 most conve 

suppressed days. 
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F i g u r e  24.  Extreme v a l u e s  o f  t h e  24 hour  t r o p o s p h e r i c  
d i v e r g e n c e  f o r  t h e  LW, SW and t o t a l  componenrs 
f o r  d i f f e r e n t  s i z e d  a r e a s .  
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All Phase - - -  5 Most Suppressed Da s 
." 5 Most Disturbed Davs 1 

1 '  t LATITUDE (O N )  

i 

F i g u r e 2 5 .  North-south and wes t -eas t  c r o s s  s e c t i o n  
t h e  c e n t e r  of  t h e  A/B-scale a r r a y  of  t h  
s p h e r i c  (100-1012 mb) 24 hour  t o t a l  d i v  
and t h e  24 hour  LW d ivergence .  



All Phase - - -  5 Mos-i. Suppressed Days 
a 0 - .  5 Most Disturbed Days 

r 

LONGITUDE ( O  'v4' 1 

North-south and west-east c r o s s  s e c t i o n s  through 
t h e  c e n t e r  of t h e  A/B-scale a r r a y  of t he  tropo- 
sphe r i c  (100-1012 rnb) daytime t o t a l  divergence (TTD) 

' and t h e  daytime s o l a r  convergence. 



The top  po r t ion  of Figure 25 shows t h e  24 hour TTD,. t h e  presence 

of c louds suppresses  t h e  r a d i a t i v e  l o s s  of t h e  t roposphereJ  and of 

course,  t h e  h igher  t h e  cloud tops ,  t h e  g r e a t e r  t h e  suppres$ion of r ad i -  

a t i v e  l o s s .  Both t h e  north-south (N-S) and the  east-west (E-W) c ros s  

s e c t i o n s  show the  expected progress ion  from t h e  suppresse 

c loudiness ,  more r a d i a t i v e  l o s s )  t o  t h e  d i s tu rbed  cases  ( 

ness ,  l e s s  r a d i a t i v e  l o s s ) .  The Phase I11 mean f a l l s ,  i 

tween t h e  two extremes. 

The N-S curve of t h e  Phase 111 mean has a range of 

mbl-' while  t h e  E-W curve has  a range of only 6 ~ m - ~  [ 9 l  

i n d i c a t e s  t h a t  t h e  cloud f i e l d s  a r e  more elongated i n  t h  

a s  opposed t o  being a x i a l l y  symmetric. The N-S Phase I1 

N-S d i s tu rbed  case  both  c l e a r l y  i n d i c a t e  t h a t  d i s tu rbanc  

around 8' t o  9 ' ~  l a t i t u d e .  The d i f f e r e n c e  from d i s t u r b e  

was g r e a t e s t  a t  8ON and diminished o r  even disappeared t 

of t h e  a r e a  a t  12'N and 5'N. 

The E-W curves show t h e  p e r i o d i c i t y  of t h e  cloud f i  

with t h e  t r a v e l l i n g  d is turbances .  The E-W suppressed ca  

mum a t  25OW longi tude  corresponding t o  a r e l a t i v e l y  c l e a  

21°W longi tude  a more d i s tu rbed  a r e a  i s  c l e a r l y  ev ident .  

q r e s s ion  but  of oppos i te  s ign,may be  seen f o r  t he  d i s t u r  

I 
The lower p o r t i o n  of F igure  25 d e p i c t s  t h e  24 hour 

divergence. The in f luence  of t h e  d i s tu rbed  vs. suppress  

is  even more pronounced here .  Grea ter  longwave l o s s e s  

t h e  c l e a r e r  s k i e s  of  t h e  suppressed case  on both t h e  N-S a  

s e c t i o n s .  I n  add i t i on ,  t h e  d i s tu rbed  c a s e s  e x h i b i t  a  s t r o  

s p a t i a l  dependency, which i s  n e a r l y  absent  i n  t h e  E-W curv 



5 I.' I . 
t o  tend toward a minimum on t h e  e a s t e r n  end of t h e  

perhaps t h e  in f luence  of t h e  Afr ican  cont inent .  The 

N-S c u r v j s  a l l  i n d i c a t e  t h a t  s k i e s  a r e  c l e a r e r  (or  cloud tops  lower) 

on t h e  e ua to r  s i d e  of t h e  A/B s c a l e  a r r a y  than  on t h e  poleward s i d e .  i 
The 12 hour daytime TTD is  shown i n  t h e  top  p o r t i o n  of Figure 26. 

The most ou ts tanding  f e a t u r e  of t h e s e  curves i s  t h e i r  very  smal l  ampli- 
l '  

tude.  T1 ~d f i e l d s  produce cance l l i ng  e f f e c t s :  l e s s  longwave l o s s  

but  a l s o  l e s s  shortwave ga in .  The n e t  r e s u l t  i s  a t o t a l  range of va l -  

ues  from n o r t h  t o  south ,  e a s t  t o  west ,  d i s tu rbed  o r  undisturbed of only 
. 3 ,- , ! I  

about 11 ~ m - ~  1912 mb]-I. 
r i v -,!33 

~ h e ( l 2  hour daytime s o l a r  convergence i s  d isp layed  i n  t h e  lower 

Figure 26. This  f i g u r e  i s  very  s i m i l a r  i n  gene ra l  charac te r -  

t h e  LW dep ic t ion  of Figure 25. The c l e a r e r ,  more suppressed 

g r e a t e r  s o l a r  absorp t ion  and t h e  enhanced c loudiness  of t h e  

d i s t u r b e  days r e s u l t s  i n  l e s s  s o l a r  absorp t ion .  The N-S d is turbed  11 
a s t rong  minimum centered a t  9 ' ~  corresponding . . t o  t h e  

,;?is $ ,  . 1 

high clobds the re .  The maximum of each N-S curve occurs  on t h e  equator 

a r r a y ,  i n d i c a t i n g  c l e a r e r  cond i t i ons  (o r  lower clouds)  

t h e r e .  d ,  as i n  t h e  LW E-W curves ,  t h e r e  tends t o  be a minimum on 

t h e  e a s t e r n  s i d e  of t h e  a r r ay .  Figures  25 and 26 suggest  t h a t  t h e r e  

fo rc ing  of t he  Hadley c i r c u l a t i o n  by t h e  N-S g r a d i e n t s  . - : ! I  ! 

i n  t he  dad ia t ive  fo rc ing  components. 

2 .{ *naiysis summary 

'hase 111 t ropospher ic  r a d i a t i v e  divergence e s t ima te s  

compiled i n  t h i  s tudy  d i f f e r  s i g n i f i c a n t l y  from contemporary climato- 

l o g i c a l  stirnates of seasonal  mean zonal  va lues  compiled by Dopplick 



-2 
poss ib l e  t o  have a  range i n  TTD a s  l a r g e  a s  78 Wm [912 mk 

t h i s  20 day period t h e  cloud top  d i s t r i b u t i o n s  i n  t h e  B-scz 

-2 
were such t h a t  on ly  a 20 Wm range i n  t h i s  q u a n t i t y  was 01 

This  c h a r a c t e r i s t i c  constancy of t h e  daytime TTD values  is  

very u s e f u l  t o o l  i n  t h e  in fe rence  of maritime t r o p i c a l  surf 

budgets from s a t e l l i t e  d a t a .  

B-scale average TTD va lues  were computed over d i f f e r e r  

- 2 
per iods ;  t h e  range of v a r i a t i o n  i n  t h e  TTD was 40 Wm 1'912 

~ m - ~  1912 mbl-I and 5 ~ m - ~  I912 mbl-I f o r  6 hour ,  3 day anc 

aging per iods ,  r e spec t ive ly .  S imi l a r ly  t h e  range of va r i a t  

24 hour TTD was ca l cu la t ed  over space s c a l e s  of 113 t h e  B-s 

I 
a r e a ,  t h e  B-scale a r r a y  and A/B-scale a r r a y ;  t h e  r e s u l t i n g  

38 ~ r n - ~  [912 mb]-l, 27 wmm2 1912 mb]-l, and 20 Wme2 1912 ml 

t i v e l y  . 
Cross s e c t i o n s  of t h e  Phase I11 mean and t h e  dis turbec 

r a d i a t i v e  divergence va lues  f o r  t h e  A/B-scale a r r a y  suggesl 

r a d i a t i v e  fo rc ing  a s soc i a t ed  wi th  E-W o r i en t ed  cloud bands 

around 8 t o  9 ' ~  l a t i t u d e .  This  sugges ts  t h e  p o s s i b i l i t y  ol 

r a d i a t i v e  fo rc ing  on t h e  b a s i c  Hadley c i r c u l a t i o n .  

-1 
during 

e  a r r a y  

erved . 
p o t e n t i a l l y  

c e  energy 

averaging 

6 day aver- 

.on of t h e  

. a l e  a r r a y  

palues were 

-1 , respec- 

composite 

a  N-S 

:entered 

a  d i u r n a l  



111. PHASE I11 DATA TABULATIONS 

P a r  I11 t a b u l a t e s  t h e  longwave (LW), shortwave (SW) and t o t a l  i 
r a d i a t i v  d i v e r g e n c e  p r o f i l e s  and t h e  c loud  t o p  p r e s s u r e  d i s t r i b u t i o n  P 
f o r  a v a i i e t y  of s p a c e  and t ime  s c a l e s .  D a i l y  24 hour  mean v a l u e s  are 

p r e s e n t e  f o r  n i n e  d i f f e r e n t  averag ing  a r e a s  rang ing  i n  s i z e  from ap- t 
proximatgly  one q u a r t e r  of  t h e  B a r r a y  t o  t h e  e n t i r e  A/B a r r a y .  F i g u r e  

3 d e p i c t s  t h e  e x a c t  l i m i t s  of  t h e  A/B and B a r r a y s  and a l s o  

numbering system f o r  i d e n t i f y i n g  i n d i v i d u a l  a r e a  u n i t s  i n  

t h e  225 hlement a r r a y .  The averag ing  a r e a s  t h a t  have n o t  been d e f i n e d  

g r a p h i c a  l y  w i l l  be  s p e c i f i e d  by l i s t i n g  t h e  box numbers inc luded  with- t 
i n  t h e i r  boundar ies :  

h e r n  S e c t o r  B a r r a y  ( S e c t i o n  3 . 6 ) :  
67, 68, 69, 80,  81,  82 ,  83 ,  8 4 ,  85 ,  
86,  95, 96,  97, 98,  99,  100,  1 0 1  

c e n t r a l  S e c t o r  B a r r a y  ( S e c t i o n  3 . 7 ) :  
95, 96, 97,  98,  99,  100,  101,  110,  111, 112,  113,  
114, 115,  116,  125,  126,  127,  128,  129, 130,  1 3 1  

Southern S e c t o r  B a r r a y  ( S e c t i o n  3 . 8 ) :  1 125, 126,  127,  128,  129,  130,  131,  140,  141, 

I 142,  143,  144,  145,  146,  157,  158,  159 
J 

Nor:heast  S e c t o r  B a r r a y  ( S e c t i o n  3 . 9 ) :  
68, 69, 83,  84,  8 5 ,  86,  98, 99,  
100 ,  101,  113,  114,  115,  116 

h e a s t  S e c t o r  B a r r a y  ( S e c t i o n  3 .10) :  
113,  114,  115,  116,  128,  129,  130,  
131,  143,  144,  145,  146 ,  158,  159 

hwest S e c t o r  B a r r a y  ( S e c t i o n  3 .11) :  
110,  111, 112,  113,  125 ,  126,  127,  
1 2 8 , . 1 4 0 ,  141,  142,  143,  157,  158 

Nor hwest S e c t o r  B a r r a y  ( S e c t i o n  3 .12) :  i 67, 68, 80 ,  81,  82 ,  83,  95, 96,  97, 
98, 110 ,  111, 112,  113 ,  



Seven d i f f e r e n t  t ime per iods  a r e  considered f o r  the. ~ h l a s e  I11 mean 

case  (20 days) ,  a f i v e  day convect ively d i s tu rbed  composite case  and a 

f i v e  day convect ively suppressed composite case.  These per iods  a r e  

( a l l  i n  l o c a l  s tandard time [LST])  0000-0600, 0600-1200, 1200-1800, 

1800-2400, 0000-2400, 0600-1800 (daytime),  and 1800-0600 ( I i gh t t ime) .  

GATE Phase 111 ran  from August 30 t o  September 18, 1974. 

d i s turbed  composite inc ludes  J u l i a n  Days 245, 248, 256, 

t h e  f i v e  day suppressed composite inc ludes  J u l i a n  Days 

251, 258. There a r e  two a r e a l  domains f o r  t h e  Phase 

two composite cases :  A/B a r r a y  and B a r r ay .  Standard dev ia t ions  a r e  

a l s o  given which r ep resen t  e i t h e r  s p a t i a l  o r  temporal v a r i a b i l i t y  de- 

pending on t h e  t a b l e .  

Finer  s p a t i a l  and temporal. r e s o l u t i o n  d a t a  a.re a v a i l a q l e  on e i t h e r  

microfi lm o r  magnetic tape  but  a r e  no t  included h e r e  

g r e a t  bulk.  These sources conta in  s i x  hourly d a t a  

112 degree l a t i t u d e  by 112 degree longi tude  a r e a  

e n t i r e  Phase 111 per iod .  I n  a d d i t i o n ,  s i x  hourly 

given over t h e  n ine  d i f f e r e n t  a r e a s  descr ibed 

box a r e a .  For f u r t h e r  information,  contac t  



3.1 MEANS OVER FULL PHASE 111, A/B and B SCALES 

The following 14 tables, on pages 75 to 7 9 ,  give vertical profiles 

of the an cloud top distribution, SW, LW and total radiative divergence a 
over firlst the A/B array and then the B array for the entire GATE Phase I11 

averagi g periods: (all in local standard time) 00-06, 06-12, 12-18, 18-24, .I I 

period. 

00-24, C(6-18 (daytime), and 18-06 (nighttime). The standard deviations re- 

The values are given in 100 mb vertical resolution for 7 different 

present the variability in tine, from day to day, of the area aT;crages. 

~13:Ja 1 S t d .  

. . . .  
SIIOR'SW.ZCI.: - - -. I.OI.I(:I~!'IVI: - - - 'l~lul\!: ....... 

Mean S L ~ .  I-lu;~ n Sl $1. P l r  III S ~d 

l n n o  
C L E A R  
1012  

Ucv. 
----r P --.-I 

0 . 0  0 -R.5 
---r- 0 ----- 

0.0 a -17.6  ----- Q ----- 
0.0 0 -25.3  ----- a ----- 
0.0 a -28.9  ----- C ----- 
0.0 0 -31.3  ----- a ----r 

0.0 a -25.9  ----- a -.--- 
0.0 * -22.3  ----- a ----- 
0.0 a -16.9  ----- 0 ----- 
0.0 -10 .3  

---r- a ----- 
0.0 * -4.0 ----- u ----- 

a 
a 

0.0 -191.1 

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t op  pressure d i  s t r i b u -  
t io r r  f o r  t he  GATE A/LI s ca le  ar ray .  Mean va lues are co~irpurtd over the 
e n t i r e  Phase I11  pe r i od ,  J u l i a n  Days 242 through 26'1, f o r  t h e  6 hour  
y e n o d  I J ~ J ~ U - O U U ~ J  LS1 ( a p p r o x i n ~ a t e l y  0 l j U  t o  0730 bMT). Standard dedia- 
t i o n s  represet i t  the v a r i a b i l i t y  ill tirile, t r u l r~  ddy t o  day, o f  the A/U 
s..ale area dverag i .  

. . 
(w .~ t t ! i  p c r  sqllnrt. ~sc.rt~r 1,t.r I . l yer ,  i')lr) 

S l l ~ j ~ ~ : I ~ ~ ~  - l.[r:J~,',d;,Vl; .- -. .... ll!?..;. 

Elean St.11. Elc:111 S L ~ .  M t . i r r  L I ~ .  
Dev. -- .-.. il r--..- 

-4.1 u - t 9 
-,--- a ----- 

1.7 a -3 .6  
-,--- a ----- 

2.1 0 -3 .2  ----- a ----- 
5.5 * -6 .0  

-,--- a ----- 
4.3 a -8.H - -  * ----- 
4.8 * -9 .3  . -  ----- 
5 .5  * -11.3  

-,--- a ----- 
5.1 * -9 .3  - -  a ----- 
2 .8  a -4.5 
-,--- a ----- 

. 1  -3.7 ----- e ----- 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t o p  pressure d i  s t r i b u -  
t i o n  f o r  t he  GATE AIB sca le  a r ray .  Mean va lues are  computed over  t he  
e n t i r e  Phase I 1 1  p e r i o a ,  J u l i a r l  Days L42 t l i r oug t~  261, t o r  the 6 hour  
pc:r i i j a  U6Ou- I%UU LST ( c~pprox in~dte l ,y  073U t o  133U ~ E 1 7  ) .  Ltar lddrd devi d- 

t i o r l ~  r e p r e s e r ~ t  the v a r i d b i  l i t y  i r~ t i n e ,  trurl ddy t o  day, o f  t he  A:'U 
s c i l e  area dverage. 

T O T A L  

0 c a 
o a a 

TROPOSPHEHE * 132.1 14.0 * -192 .7  13 .0  * -60.6  



RADIATIVE 
( w a t t s  

CONVEKCENCE (+) / DTVEHGI:NCE (-) 
per square meter per layer,  

LON-qWALA 
Medn Std.  P I V . I ~  

Dev. 
a ----- " a ----- 

-8.9 3.6 -1.0 
a -r--- - -  a ----- 
+I -19.1 3.0 6 -3.9 
a ----- "---- a ----- 
a -26.1 2.5 -4.3 
a ----- I---- a ---- 
a -26.6 3.6 -6.4 
a ----- - -  a ----- 
a -27.0 5.9 a ca.1 
a ----- - -  a ----- 
a -24.0 5.5 -8.4 
a ----- -,--- a ----- 
a -22.3 6.0 -10.7 
a ----- - -  a I---- 

* -17.7 5 . 5  -9.1 
a -.--- - -  * --,,- 

-10.6 Z.th -4.5 
a ----- -,--- a ----- 
a -4.0 e l  -3.7 
a ----, -,--- a ----- 
a a 
a a 

-186.4 18.0 4 -60.2 

TO1'AI.: 
: ; ( . I  

Dev. ----- 
1.1 ----- 
.4 ----- 

1.6 ----- 
Z.4 

Slli~l~lWAVl~ . -- -- 
Mean S t d .  Mean Std .  

Ilev. 

---- 
lo.? - - - - 
10.4 

T OTAL TROPOSPHERE 

Average r a d i a t i v e  convergence p r o f i l e s  and c loud  t op  p r e s s u r e  di s t r i b u -  
t i o n  f o r  t h e  (,ATE A / U  s c a l e  a r r a y .  Mean va lue s  a r e  conlputed ove r  t h e  
e n t i r e  Phase 111 pe r i od ,  J u l i a n  Ddys 242 througti  261, t o r  t h e  b hour 
pe r i od  :2UU-l8UU LST (approxicllately 1?!U t o  1930 (iI.11). Standard  dt!via- 
t i o r ~ s  r e p r e s e n t  t he  v a r i a b i l i t y  i n  t ime,  fro111 day t o  day, of t h e  A113 
s c a l e  a r e a  average .  

--.-- - 
PRESSURE CLOUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 

(mb) nISTKIBUTION ( X )  (wa t t s  per square mpter per l a y e r ,  Ap) 
SHOR I WAVX -- 

Mean S L ~ .  
LONC;I.JAVI" - 

Mean S td .  Mean Mean Std .  
Dev. Ilev. Dev. I IIcv. 

4 0 0  ---- ----- a ----- ----- 
12.6 0 0.0 0.0 

5 oto ---- ----- a ----- ----- 
12.4 4.9 a 0.0 0.0 

600 ---- ----- a ----- ----- 
11.8 4.0 0.0 ----- 4b ----- 0.0 

7 00 ---- ----- 
10.4 3.1 a 0.0 0.0 

ROO ---- ----- a ----- ----- 
9.1 4.1 a 0.0 ----- a ----- 0.0 

sno ---- ----- 
9.? 5.9 a 0.0 ----- a ----r 

0.0 

E C ~ ~ R  ---- ----- 
11.6 15.2 : --- - - 0.0 ----- 0.0 

101.2 ---- ----- 
U 
a 

TOTAL T H ~ P O S P H E H E  a 0.0 0.0 

Average r a d i a t i v e  convergence p r o f i l e s  and c loud t op  p r e s s u r e  di s t r i b u -  
t i o n  f o r  t h e  GATE A/U s c a l e  a r r a y .  Wean v a l u e s  a r e  coniputcd ove r  t h e  
e n t i r e  Phase 111 pe r iod ,  J u l i a n  Days 242 through 261, f o r  t h e  6 hour 
pet-iod lbUU-2401) LST (approxi lna te ly  1930 t o  U130 (ibl'l). Sta r~da rd  devi a- 
t i o n s  r e p r e s e n t  t h e  v a r i a b i l i t y  i n  t ime ,  from day Lo day, u t  t h e  A / U  
s c a l e  a r ea  average .  

- - -- -- 
I'ItI!SSIIRR CI.011II 'TOP WIIATIVK CONVEl<~:l<N(:E (+) / Il1VI:lII:ENCE ( -1 ~ -~ 

D1S8I'RTROTION ( X )  (wa t t s  per Y ( I ~ I I I ~ C  r i l r t ~ r  1 1 ~ 1  I ' iyer,  Ap) 
S!!! lRJE~L!l~ ONCWAVE 

Mean S t J .  Mean Std. Mean . S t.d . Mvnn 
TOTAI. -. . 

sflo ---- ----- a 
9 (1 5.3 6 

E?B!,n 
---- .---- a 
13.7 ---- 13.3 a 

In12 ----- a 
a 
a 

TOTAL TROPOSPHERE a 

Average r a d i a t i v e  conve rgcn~ :~ :  j~rrrt i l e s  dnd 61 ulru t o p  p r e s s u r e  di s t r i b u -  
t i o n  t o r  t h e  LATE A/II s c a l e  .:rrdy. I ; C C , I ,  v a l ue s  a r e  coll~putetl ove r  t h e  
e n t i r e  IJtlase 111 pe r i od ,  J u l i a n  Days 242 t l~ rougn  261, ful' t h e  24 hour 
pt:riou u ( J u ~ . J - ~ ~ u ~ J  I.hr ( d p [ ~ r u x i ~ l ~ ~ t c l y  ul.jU t o  ~ 1 3 u  bnl.). Stanrlrrrd uc:vi~. .  
"ens r e p r e s e n t  t h e  v d r i a b i l i t y  i n  t i n e ,  f r o l ~ ~  day t o  day, of t h e  A / U  

.11e a r e a  ave r age .  



-. -" 

CI .OUII  ~ n r  IUDI.ATTVE CONVERCIINCIS (+) / I I I V I I K ( ; ~ : N C E  ( - )  
I l l S ' l K I  IIUTION ( 2 )  ( w a t t s  per s q u a r e  meter p e r  l a y e r ,  Ap) 

SHOR'IWAVE LONGWAVE . TOTAL - ----- 
Mean S I C ~ .  Mean S t d .  Met111 S t d .  Mean SLJ 

100  

PO0 

3 0 0  

400  

5 0 0  

6 0 0  

7 0 0  

ROO 

9 0 0  

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t op  pressure d i s t r i b u -  
t i o n  f o r  the GATE A/B sca le  ar ray .  Flean va lues a re  co~i lputed over  t l le  
e l l t i r e  Phase I11 pe r i od ,  J u l i a n  Uays 242 through 26.1, t o r  t he  12 hour 
p e r i o d  Ubuu-lMuU LST (approx imate ly  073U t o  1YJU hl.11). S ta~ lda rd  oevia-' 
t i o ~ ~ s  represer l t  t t ~ c  v , i ~ . i a b i l  i t y  i n  t i n ~ e ,  troll1 ddy t o  day, o t  the  A/U 
sca le  area average. 

. . -. -. 
CI.OU11 'TOP RADTATTVE CONVERGENCE (.t) / DLVERGENCE ( - )  
Dl Sl'KlBU'l'ION (%) ( w a t t s  per square meter per l a y e r ,  Ap) 

Incan S t d .  

, TROPOSPHERE 

SHORTWAVE - I .ONCVAVC - -- TOTAL 
Mean S t d .  Mean SLcI. Mean S t d .  

Dev. ..- 
0.0 ----- 
0.0 ----- 
0.0 ----- 
0.0 ----- 
0.0 ----. 
0 .0  ----- 
0 .  U ----- 
0.0 ----- 
0.0 

----I 

0.0' ----- 
0.0 

Dev. - '.--- 
3.1) ----- 
2.0 ----- 
2.5 

I---- 

4.0 ----- 
5.7 ----- 
4 a 8 ----- 
6.0 ----- 
5. A ----- 
2 19 ----- 

11 ----- 
14.6 

Dev. .---- 
3.0 ----- 
2 .0  ----- 
2 .5  ----- 
4.0 ----- 
5 .7  ----- 
4.8 ----- 
6.0 ----- 
5.8 ----- 
2.9 

---I- 

r l  ----- 
14.6 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i  s t r i b u -  
t i o n  t o r  t he  GATE All3 sca le  ar ray .  Mean va lues are  con~puted over  t he  
e n t i r e  Phase 111 per iod,  J u l i a n  Days 242 through 261, f o r  t he  12 hour  
p e r i o d  IXUU-UbLJD LST (app rox in~d te l y  1930 t o  U73U GCIT). Standard devia- 
t i o n s  rep resen t  the v a r i a b i l i t y  i n  t ime, from day t o  day, o f  the A/B 
sca le  area averaqt>. 

- - . - - - -- . - -. - - - -- - -- - - - - 
C:l,OUl) 'l'OIJ RAL)I'ATIVI.: CONVEl{(:I.:NCIS (+) / D1VI:KGENCE (-) 
D I S T K l R l J T l O N  (%) ( w : l r c s  per  sqllare meter per l ayer ,  Ap) 

SMOKlWA! I< - I.ONGWAVE 1'07'AL - 
Meall S t d .  Mean S t d .  Mean S t d .  Meall S t d .  

D e v .  Dev. Dev. llev. 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i  s t r i  bu- 
t i o n  f o r  t he  GATE B sca le  ar ray .  Mean va lues are  computed over  the 
e n t i r e  Phase I 1 1  per iod,  J u l i a n  Ildys 242 throug l i  201, f o r  the b hour  

1 p e r i o d  UUW-ULUU L.ST ( app rox in~a te l y  U13U t o  U I IU  L H l ) .  Standard devia- 
t i o n s  rep resen t  the v d r i a b i l i t y  i n  t i n e ,  t rom day t o  day, o f  t he  U 
sca le  ared average. 



. .. . - . .- - . - . - -78?..-. .. . . - --- - - 
l*Rl?SStl l tK (:l,ilIlD 'TO\' MDl A T I V E  C0NVI:RGI':NCE (+) / DTVERGEE;(:E (-) 

(n11)) '1 I S'IK I !IU'I'~.CIN ( % I  r w n t t s  r w r  :;quare 1n1:tcr pcr layer, Ap) 4 . . 

SHORTWAV I< .- - ---. -- 1,ONl:WAVE . . . . . - - . - TOTAI. 
!.I,:~LLI S t d .  Mcnn S t d .  Menn S t.d . Srt l .  

D e v .  I k v .  D e v .  Dev . ---- " U - - e r r  -",.*-- U ---"., . 0 -I-"- 

5 . 5  '7.4 a 7.6 1.0 * -8.5 1 .1  

TOTAL TROPOSPHEWE 

Average r a d i a t i v e  convergence p r o f l l e s  and c l o u d  t o p  pressure  d i s t r i b u -  
t l o n  l o r  the  LATE 0 sca le  ar ray .  Meari vd lues  are  cor~~puted ove r  t t ie  
e n t l r c  Phase 111 pe r i od ,  J u l i a n  Ddys L42 t h r o u q t ~  261, t o r  t h e  6 hour  
p e r i o d  obul1-1ZUu L S I  ( a p p r o x ~ ~ l ~ r l t e l y  U/JU t.o l j j u  LIIT). Standdrd tlcvid- 
t i o n s  r ep resen t  the  v d n a b i  l ~ t y  111 t l ~ l l e ,  troll1 ddy t o  d ~ y ,  of  the  R 
SLJIC *red averdge. 

-. - - - - -- - -- -- I -- -- - - -- 
I'HVSSIIKE CI,OIID T O P  RAD ATTVE CONV1:RI:ENCI: (+) / D1VI:KGCNCL (-) 

(oh) D I S L K I H U I I O N  (%) I watLs p e r  square m e t e r  per  I ~ ~ y r r ,  ~ p )  I 
Mean S t d .  

SIIOR'IWAL C 
Mean Std. 

I .UNc:NAVE 
Mc.it~ S t d .  S t d .  

D s v .  ----- 
12.1 ----- 
13.0 

Dev. -,--.. U --.-- 
h c O  a -1.4 - -  a -- -- 
4.9 * -3.7 
-,--- 0 ----- 

4.3 -415 
-,--- a ----- 

7.0 -6.4 
-,--- a --,-. 

10.4 * -8 .3  
-,--- a ----- 

8 .5  * -H.O - a ----- 
9 . 1  a -10.2 - a --3-- 

8.9 -H.9 
-,--- a ----- 

4.1 a -4 .5  - -  a ----- 
r 1 a -3 .7  - -  a ----- 

4 
a 

29 .1  0 -59.7 TOTAL TROPOSPHERE 

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t o p  p ressu re  d i s t r i b u -  
t i o n  f o r  t h e  GATE 0 s c a l e  a r ray .  Mean va lues  are  computed over  t he  
e n t i r e  Phase 111 pe r i od ,  J u l i a n  Days 242 th rough 261, f o r  t h e  6 hour  
p e r i o d  1200-ldUU LST ( a p p r o x i n ~ a t e l y  1330 t o  1930 GMT). Stdnddrd t1r:via- 
t i o n s  r ep resen t  the v a r i a b i l i t y  i n  t ime, t r w ~ ~  day t o  day, o t  t he  U 
sca le  ared average. . ---- - , -. --------- 

c l . o r r n  Tor R A D I A T I V E  CONVEKGliNCE (t) / I)IVERGEM(:II ( - )  
D I S T H I B I I T L O N  (2)  f t ! a t t s  per square Inrvter per l a y e r ,  h l ? )  

SHORTWAVI~ -- - -. - I O~I~AV' 
:lean S t d .  Mvnn S t d .  Mean S t d .  Plea 

I)2sV . Dev. nev . 

a a a 
a a Q 

TOTAL THOPOSPHLHE u 0.0 0.0 -183.7 

:Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t o p  pressure  d i s t r i b u -  
t i o n  t o r  t h e  GATE B s c a l e  a r ray .  Mean va lues  a re  computed ove r  t he  
ur1t11.e I ' h , i s e  111 ~ l l : l " i ~ d ,  J u l  ia r l  Days 242 t l i r ~ u g h  Zb l ,  t o r  t l ~ c  b hour  
pc,~. icd lboU-.24uU LSl ( a p p r o x i n ~ d t e l y  14Ju t o  111 3U GM'I) .  S l r l ~ t i l d rd  i k ' v i a -  
t i ons  r t . l~resent:  t he  v d r i a b i  1  i t y  i 11 t i t l ie, t roei  day t o  ddy, o l  the  I$ 

,11r d r ~  I ~ V I I ~ C ~ O I : .  



.. - . , -79- -- . - 
I'KI:S!iLIKE Mu\oTXl'[VE C0NVI:IU:I:NCE (+) / I)TVEKGI!NCl? (-) 

i r r~ l~)  u~S'l'K~lJllL'lON (%) ( ~ : ; l t t s  per s q ~ ~ a r c  aleLer per l a y e r ,  Ap) 
SHOIUWAV 1,. - -- . I,( lN(;l.l'\vl< -. - -- . TUTAL 

Std .  )Ivan SLJ. M I . * I I I  :it 11. t,f(:i~n .:I I 
1)ev. 1)ev. U t . v .  I l l  ) .  ---..- --r-r - - * - -  * ---..- - -  0 e m - - -  --".." - 1  9 . 3 .  4.1 3.6 a -9.1 4.7 0 -5.O Y . O  -- - ----- a ----- ----- a ----- - a ----- ----- 

9 R a I 9.7 * 7.7 4.4 a -1R.8 .+*I -11.1 1.1 

TOTAL T ~ O P O  

Average r a d i a t i v e  convergence p r o f i l e s  and c loud t op  p r e s s u r e  d i s t r i b u -  
t i o n  f o r  t h e  GATE B s c a l e  a r r a y .  Mean va lue s  a r e  c o ~ ~ ~ p u t e d  ove r  t h e  . I . . , , .  - 
e n t i r e  Phase I 1 1  pe r iod ,  J u l i a n  Days 242 through 261, f o r  t h e  24 hour 
pe r i od  UUUU-24UU LST (approxinla te ly  0130 t o  U13U GM1'). S t ~ n d d r d  devia-  
t i o n s  r e p r e s e n t  t h e  v a t ' i a b i l i  t y  it1 t ime,  from day t o  day, o t  t h e  U 
s c a l e  a r e a  average .  

--- -- . ____ I .- . - - . ---- -- 
MDJA'I'TVI? CONVl?R(;lLNCE (+) / DTVERCICNCE (-) 

(11111) IS'rRIflUl'l0N ( X )  ( w a t t s  per squ i l re  111eter per l a y e r ,  hp)  

Mea S f d .  
SHORlWA\'I; l,UNGIJt\L'E - .- TOTAI, -- 

Nean S t d .  Mean S t d .  Mean S L ~ .  
Ijcv. Dev. Dev. Uev. 

100 I ----- * ---..- --r-- * ---..- " 0 ----- ---.,- 
10.0 8.1 3 . h  0 - r 4 * ?  ( I  * -1.1 I - ---- a ----- 1.6 

1 0 0  ----- 0 ----, -,--- ----- ----- 
10.7 a 15.5 4.4 -19.1 4.1 -3.b ----- 0 ----- ----- a ----- - * r---- 

. Y 
300 ----- 

7.2 a 21.3 2.9 a -i?5.3 3.8 -4.0 2.3 
400 ---- 

9.9 
500  ---- 

10.7 
600  ---- 

10.3 
700  - - - - 

9 * 2  
ROO ---- 

9.5 
900  - - - - 

10.0 
l n n n  ---- 
CLEAR 13.5 
l o r 2  ---- 

Average r a d i a t i v e  convergence p r o f i l e s  and c loud t op  p r e s s u r e  d i s t r i b u -  
t i o n  f o r  t h e  GATE B s c a l e  a r r ay .  Mean va lue s  a r e  co~ l~pu t ed  ove r  t h e  
e n t i r e  Phase 111 p e r i o d ,  J u l i a n  Oays 242 through 261, f o r  t h e  12 Itour 
pe r i od  16iJU-U6UU LST lapproxinia te ly  19311 t o  1173U G M ' I ) .  S tandard  devia-  
t i o n s  r e p r e s e n t  t h e  v a r i a b i l i t y  i n  t ime ,  from day t o  day, of t h e  B 
s c d l e  a r e a  averdge. 

. .. . - -- 
PRLSSIIKF: 

(ml)) 

100  ---- 
200  ---- 
300 ---- 

10.9 
400 ---- 

13.0 
5 0 0  ---- 

12.6 
600  ---- 

11.5 
700  __-- 
8 0 0  ---- 

8 
900  ---- - - ZC!L 11.7 

11712 ---- 

Average r a d i a t i v e  convergence p r o f i l e s  and c loud t op  p r e s s u r e  di s t r i b u -  
t i o n  t o r  t h e  GATE U s c a l e  a r r ay .  Mean v a l u e s  a r e  computed over  t h e  
e n t i r e  P l ~ a s e  111 pe r iod ,  J u l i a n  Days 242 through 261, t o r  t h e  12 hour 
pe r i od  UbUb-IUUU LST (approximate ly  0730 t o  143U (,I~I'I ).  j tarlddrd devi a- 
t ior t s  r e p r e s e n t  t he  v a r i a b i l i t y  i n  t ime ,  t ro l t~  day t o  day,  o t  t h e  B 
s c a l e  a r e a  averdgc. 

. .. .. - - - - .---- .- -- . . -- - . -- -. .- .. . 
Cl.O\Jl) '1'01' f MI)IAT I V K  (:ONVFil<i :liNCE (+) / III VISKCI!NClI (-) 
I)I S'I'IIIBII'I'LON (%) (watts pe r  si111ari: 111c.lt'r 1)1:1. I d y t ~ r ,  il.11) 

S l l O l ~ ' l 7 ~ A ~ ' I :  . . . .- -- - I j ! ~ ~ M ; \ + l ~ ~  'I'O'I'AI. 
Muan SLII. Mean S t d .  Mean S ld .  Mean ' S L ~ .  

Dev . Il(!v. Dev. Dev. ----- 0 ----- -...- r O --"-- . .  6 ----- ----- 
6.2 H.6 * Or0 0.0 * -9.0 4.5 -910 4. S ----- ----- ---a- 0 ----- - -  * ----- ----- 
9.0 0.0 -lH.S 3.2 : -18.5 ----- 3.2 

O o O  ----- - ---- 8*6 : ----- ----- ----- --- - - 
8.6 0.0 0.0 -26.7 4.3 -26.7 _ _ _ _ _  4.3 ----- * ----- ----- ----- - a ----- 
8.4 * 0.0 0.0 0 -28.9 6.5 * -28.9 - -  * ----- h .  5 ----- a ----- ----- u ----- ----- 
7 * 0.0 0.0 * -28.7 7.5 -28.7 7.5 

r---- a ----- ----- a ----- - a ----- ----- 
5.5 (1 0.0 0.0 -23.5 7.3 * -23.5 7.3 ----- * ----- ----- * -8---- - -  0 ----- ----- 

9.2 4.9 a 0.0 0.0 -20.5 8.5 -20.5 8.5 ----- a ----- ----- a ----- - -  a ----- ----- 
a 3 6.4 0.0 -16.1 7.5 -16.1 - -  4 ----- 7.5 

O s O  ---- - a - ---- ----- 0 ----- ----- 
7.5 7.3 0.0 0.0 -10.0 3.8 -10.0 3.8 - - ----- a ----- ----- 0 ----- - -  a ----- ----- 

18.2 o I 0 0.0 a -4.n I 1  * -4.0 .1 ----- a ----- ----- * ----- - ----- ----- 
a 0 0 



3 . 2  MEANS OVER THE 5 DAY DISTURBED COMPOSITE CASE, A/B ar 

The fol lowing 14 t a b l e s ,  on pages 80 t o  84, g ive  vex 

t h e  mean cloud top  d i s t r i b u t i o n ,  SW, LW and t o t a l  r ad i a t ivc  

f i r s t  t h e  A/B a r r a y  and then t h e  B a r r a y  f o r  t h e  5 day d i s t  

I 
case .  The va lues  a r e  given i n  100 mb v e r t i c a l  r e s o l u t i o n  f 

averaging per iods :  ( a l l  i n  l o c a l  s tandard time) 00-06, 06-1 

00-24, 06-18 (daytime),  and 18-06 (n ight t ime) .  The standar 

present  t h e  v a r i a b i l i t y  i n  t ime, from day t o  day, of t h e  ar 

C1.OUD 'TOP 
D I S T R I B U T I O N  (%) 

Mean S t d .  
D e v .  ---- ----- 

6 . 2  4.7 ---- .I---- 

8 .5  ---- 4 .3  .---- 
7.6 .--- 2.9 ----- 

11.1 ---- 3.2 ----- 
12.5 ---- 3.5 ----- 
12.2 ---- 2.2 ----- 
10.7 1.3 ---- ---..- 

9.4 2.8 ---- ---- - 
10.3 5.7 ---- ----- 
11.5 ---- 10 .6  

----,. 

R A U l A T r V E  CONVI'K1:ENCE (+) / IJIVI:KGENCE 
( w ~ t t s  p e r  s q i u r e  metcar pe r  l a y e r ,  Ap) 

STIOKlTJA\'k. geM?iAs 
Mean S t d .  Mean S t d .  

D e v .  D e v .  
a ----- ---..- u ----- -,--- w 
a 0.0 0.0  a -8.8 2.3 9 
a ----- ----- a ----- -,,-- a 
a 0.0 0.0 -18.4 1.7 
a ----- ----- a ----- -,,-- a 
a 0.0 0.0 * -24.9 .5 * ----- ----- U ----- -,--- a 
a 0.0 0.0 0 -27.7 1.1 
a ----- ----- a ----- -,,-- a 
a 0.0 0.0 -30.0 2.1 
a ----- ----- a ----- -,--- a 
a 0 0 0  0.0 -25.4 3.1 * 
a ----- ----- a ----- -,,-- a 
e 0.0 0.0 a -22.4 4.9 a 
a ----- ----- a ----- -,--- 0 
a 0.0 0.0 -17.1 5.7 * 
a ----- ----- a ----- -,,-- a 
a 0 .O 0.0 -10.3 3.1 1 
a ----- ----- a ----- -_--- 
a 0.0 0.0 -4.0 .O * 
a ----- ----- a ----- -,,-- a 
a a a 

(-) 

Me, 

--. 
- 1  

- - a  - 11 --. 
-24 --. 
-2; --. 
-3( --. 
-21 --. 
-2i --. 
-1  i --. 
- I (  --. - 1 --. 

48 I( a 
T O T A L  T R O P O S P H E R E  + 0.0 0.0 -1H9.n 13.0 -185 

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t o p  pressure  d i  s t r i b u -  
t i 0 1 1  f o r  t h e  GATE A/B sca le  a r ray .  Mean va lues  a re  co~~ ipu ted  ove r  t h e  
d i s t u r b e d  days o f  Phase 111, J u l i a n  Day numbers 245, 248, 256, 257, 
259,  t o r  t h e  6  hour  p e r i o d  UUUO-U6Uu LST (approx in ia te ly  ~ 1 3  t o  0 7 3 ~  
bMT). Standard o e v i a t i o n s  rep resen t  the  v a r i a b i l i t y  i n  t ime, f r om  dab 
t o  ady, o t  t he  A/U sca le  area average. 

PRLSSUI<E CI.OIJ1) T O P  R A D I A T I V E  CONVER(:ENCE (+) / DIVERGENCE (-) 
(mb)  , D l S ' r R T l ~ l l T I O N  ( X )  ( w a t t s  p e r  square m e t e r  per  l a y ~ r ,  1\11) 

SBORTWAVE 1,ONGIJAVE - -- 
Mean S t d .  Mean S t d .  Meill1 S t d .  Me 

100  

PO 0 

3 0 0  

4 0 0  

5 0 0  

A00 

700  

R O O  

9 0 0  

i n o o  
CLEAR 
i n 1 2  

D e v .  
-*--a 

5.9 
--1-- 

3.7 ----- 
3.3 ----- 
4.5 

.I---- 

3.4 ----- 
1.5 -.--- 
1.6 

-I--- 

1.3 ----- 
2.4 ----- 

16.3 ----- 

U c v .  ----- 
2.4 ----- 
1.6 ----- 
1.6 ----- 
2.2 ----- 
2.3 ----- 
2.9 ----- 
3.1 ----- 
3.0 ----- 
2.7 ----- . 3 ----- 

D e v .  
-,.- - - 

3.1 ----- 
l a 4  ----- 
1.9 ----- 
2.6 ----- 
1.9 ----- 
3.2 ----- 
4.9 ----- 
5.1 ----- 
3.4 ----- 

.1 ----- 
o a a 

TOTAL T R O P O S P H E R E  * 123.1 12.5 -184.8 12 .8  a -6 :  

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t o p  pressure  d i  s t r i b u -  
t l o n  f o r  t he  LATE A/B sca le  a r ray .  Mean va lues  a re  computed ove r  t he  
d i s t u r b e d  days o t  Phase 111, J u l i d n  Day numuers 245, 248, 256, i51,  
2 5 9 ,  t o r  t h e  6  hour p e r i o d  UbUU-1ZOU LS1 ( a p p r o x i m a t t ~ l y  u13U t o  133U 
1,' '. Standard t l ev i a t i ons  rep resen t  t h e  v a r i a b i l i t y  i n  t ime, fro111 day 

lay, o f  t he  A/[$ sca le  area averdqe. 

B SCALES 

i c a l  p r o f i l e s  of 

divergence over 

rbed composite 

r 7 d i f f e r e n t  

dev ia t ions  re -  

!a averages.  

TOTAL 
S t d .  
D e v .  - --..-- 

H 2.3 - ----- 
4 1.7 - ----- 
9 .5  

TOTAL 
:;t11, 
Ur.v.  



- .. . - -. -- - , . -- - - -- . . - .-. . . - - . . . 
W D I A T T V E  CONVIRGENCE ( I )  / DIVEKCENCE (-) 

( w a t t s  11c?r s q u a r e  m e t e r  p e r  l : ~ y t ! r ,  A p )  
SIIOKTWAVI: -- .- .- . . -- . - I .llrJ~,ybv,c! 'I L)'l'.',l. 

Ele,~n S t d .  Meill1 Std. Mean 
D c v .  D e v .  ..---- ----- U --."- " .  a --..-- 

10.2 3.1 * -12.2 4.3 * -2.0 ----- ----- a ----- - -  a ----- 
18.6 2.8 -22.2 2.5 -3.6 

CI.OLID TOP 
D I S ' r R l B U T I O N  (%) 

1000 
CLEAR 
l n l 2  

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t op  pressure d i s t r i b u -  
t i o n  f o r  the GATE A/B sca le  ar ray .  Flean va lues are  co l~~pu ted  over  t he  
d i s t u r b e d  days o f  Phase 111, J u l i a n  Day n u ~ ~ ~ b e r s  245, 248, 256, 257, 
259,  t o r  the 6 hour p e r i o d  12UU-18UU L S I  ( a l ~ p r o x i l l ~ a t c l y  133U t o  193U 
CMT). Standard t l e v ~ a t i o n s  rep resen t  t he  v a r i  a b i l  i t y  i r l  Lime, fro111 tldy 
t o  udy, o t  the A/B sca le  area average. 

-- 
I'I(I:SSUKE (:T.OUIl 'TOP RAUIATIVE CONVEKCENCE (+) / DIVERGENCE (-) 

(mb) UIWI1IBLl'TION ( X )  (watts p e r  s q u a r e  m e t e r  p e r  l a y e r ,  Ap) 
SHORTNAVE -- LONGIJAVE TOTAL I S r d .  Mean S t d .  Mean SLd. Mean 

D e v .  D e v .  D e v .  

100 .I--- ----- a ----- -..--- a --..-- - 4 ----- 
9.6 5.0 0 0.0 0.0 -10.7 2.7 -10.7 

200 ----r U ----- -,--- U --..-- 
5.9 0 0.0 0.0 -20.1 2.2 -20.1 

300 ---- ---..- a ----- ----- a ----- r---- a -we-- 

14.5 6.2 0.0 0.0 * -27.6 3.1 : -27.6 
400 ---- ----- a ----- ----- a ----- ----- ----- 

15.6 5 : 0.0 0.0 * -2H.4 2.7 -28.4 
500 ----- ----- a ----- -,--- a ----- 

13.6 2.0 0.0 0.0 -26.6 4.8 -26.6 
600 ----- 0 ----- - -  a ----- 

0.0 0.0 -20.1 5 .6  a -20.1 
700 .----- ----- a ----- -,--- a ----- 

7.9 3.6 0.0 0.0 -16.n 4.8 -16.0 

S t d .  
D e v .  

Average r a d i  a t1  ve convergence p r o f  i 1 es and c l o u d  top pressure d l  s t r i  bu- 
t i o n  f o r  t he  GATE A/B sca le  ar ray .  Mean va lues a re  computed over  t he  
d i s t u r b e d  days uf P l~dse 111, J u l l a n  Day llunlbers 245, 248, 256, 251 ,  
259, f o r  the b hour p e r i o d  1800-L4Ub LST (approx l l l la te ly  193U t o  U13U 
611IT). Standard d e v l a t l o r ~ s  rep resen t  t he  v a r i d b i  I 1  t y  i n  ~IIIIC, f r o l , ~  day 
t o  bay, of the A I U  sca le  area averdge. 

.- - -  - - -- - - - - 
PRESSURE CLOUD TOP R A D l t U T V C  CONVERGENCE (+) / I)I\'l,I1l~ENCE (-) 

(mb) D I 7 T K I E U T I O N  (%) ( w a t t s  p e r  s q u a r e  m e t e r  p e r  1.1yr1, Ap)  
S ~ ~ O R T W A V I  - I.OE4I:WhVI: - - - -- - 1 0 1 A l .  

S L ~ .  Mcan 5 t d .  M a n  S L ~ .  Me,~n 
Dev. U c v .  D e v .  ----- a ----- --..-- fi --,,, " b ----- 

4.7 
6 * 3  ; ----- 2.7 * -10.4 

.I---- 
3.2 : -5.7 ----- a ----- ----- ----- 

6.3 : ----- 8.6 2.6 -20.0 ----- a,--- a ----- -_--- 2.3 : --- -11.3 - - 
4 . 9  10.2 - a -,--- 

1.9 a -25.6 212 -15.4 ----- 4 ----- - -  a ----- 
4.3 ----- ----- 3 3  -26.6 

9 * 1  ----- ----- 3.0 a -17.5 - a ----- 
3.2 8.4 3.9 -76.8 4.7 -18.4 

S t d .  
u c v .  

600 -I-- 

10.5 
700 ---- 

8.9 
800 -I-- 

7.6 
900 ---- 

7.6 
1000 ---- 
CLEAR 
1012 

8.4 ---- 
1 '  4 a a 

a a 4 

TOTAL ROPOSPHERE 58.0 16.4 0 -17901 15.8 -121.1 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  t he  LATE A/U sca le  ar ray .  Inlean va lues are  ~ o ~ ~ ~ p u t e d  over  t he  
d i s t u r b e d  days o f  Phase 111, J u l i a n  [lay nunlbers 245,  i48,  Lbb, 2b7, 
2 5 9 ,  t o r  the L4 hour p e r i o d  uWU-24UU LST (approx in la te ly  U l j U  t o  U l j U  
@If) .  Standard dev ia t i ons  rep resen t  t l ~ e  v d r i a b i l i  t y  i 11 t ime, f roll1 ddy 
t o  day, o f  t he  A/B scd le  area averdge. 



CONVERCENCE (+) / DIVERGENLF. ( - )  
p a r  s q u ~ t r e  meter pef l a y e r ,  A p )  

LON(;W4Vl*: - -- - . -- 
Mr.in S t d .  blr.~n 

I)cv. 
4 ----- -,--- Y ---,I- 

a - 1 l r l  3.7 -116 
a --r-- - -  a ---,-- 
a -20.7 
a ----- 2.5 * -3 2 ----- a --- 
a -24.9 1.8 a - 4 s  
a ----- -,--- a --- - 
* -25.1 3.1 -6 9 
a ----, ----- 0 --- - 

-25.3 5.0 * -8 S 
a ----, -,--- a --- - 

-21.3 5.4 -8 3 
a -me-- - e --- - 
* -19.4 5.3 -10 0 
a -r--- ----- a --- - * -15.4 4.6 * - 8 7  
a ----, - -  a --, - 
* -9 .5  
a ----- 2.7 * - 4 8  ----- a --- - 

-4.0 1 1  -3-8 
e ----- ----- a --- - 
a 0 

KADIATTVE 
( w a t t s  

Mean S t d .  
nev .  Dev. 

100 ---- ----- U ..--..." --w-." 

10.8 7.3 0 9.5 Z* 7 
200 ---- ----- . ,,--- ----- 

14.6 6.0 * 17.2 
300 ---- ----- a ----- 2.6 ----- 

10.6 ---- ----- 20.4 
* : ----- 1.9 

400 ----- 
11.1 ---- 3.8 * 18.2 3 . 3  

500 ----- a ----I ----- 
10.4 

600 ---- 3'3 -AM2! --- - - 3.9 ----- 
9.5 ---- 3.3 13.0 

700 ----- a ----- 4.3 

8.4 2.8 e 9.3 3.6 
A00 ---- ----- a ----- ----- 

7.8 2 . 9  41 ---- 6 a 8 
r---- 0 -,,,- 

3.1 
900 ----- 

7.7 3.7 4.6 2.5 

El 'EI IR 
---- ----- . ----- ----- 
9.1 ---- 12.3 

ln12 
.2 ----- a ----- .2 ----. 

0 

TOTAL T H W D S P H E R E  * 116.0 16.4 

Average r a d i a t i v e  convergence  p r o f i l e s  and c l o u d  t o p  p r e s s u r e  o i r t r i b u -  1 ., t i o r l  f o r  t h e  GATE RIB s c a l e  a r r a y .  Mean v a l u e s  a r e  co~llpllterl o v e r  t h e  
d i s t u r b e d  days  o t  Yt~ase  111, J u l i a n  Udy rlunlbers 245, ?48, 256,  2 5 7 ,  
LS9, t o r  t h e  12 llour p e r i o d  U6UU-18UU LSI ( a p p r o i i ~ i i a t e l y  ~ 7 3 U  t o  1 9 3 0  
LF:T). S t d r ~ u a r d  d e v i a t i o n s  r e p r e s e r l t  t h e  v a r i a b i l i t y  i n  t i l i ~ e ,  fro111 day 
t o  day ,  o t  t h e  A/U s c a l e  a r e a  a v e r a g e .  

PHESSllKE CI.OIJD TOP KAD11\TIVE C O N V E R G E N C E  (t) / 
(mb) ~ l S T R l R U T J ~ N  (%) ( tda t t s  per squ:lre tneter  p~.r Inyt.r,  Ap) 

Mcan S t d .  
SIIOI~'IW'lVI~: -- .- - - - .. .- . 

Mean S t d .  
!JlFMjiAV!j 

Ple.111 Std. S t d  

a 
TOTAL TROPOSPHERE Q 020 

Average r a d i a t i v e  convergence  p r o f i l e s  and c l o u d  t o p  p r e s s u r e  d i s t r i b u -  
t i o n  f o r  t h e  G A l E  A/B s c d l e  a r r a y .  Mean v a l u e s  a r e  ~ o ~ ~ ~ l l u t e d  o v e r  t h e  . 
d i s t u r b e d  days  of Phase  111, J u l i d n  Day numbers 245, rlitl, LSb, 2 5 1 ,  
L59, f o r  t h e  12  hour  p e r i o d  18UU-U6UU LS'T ( a l ) p r u x i ~ ~ ~ d t e l y  1930 t o  UlJu 
61.IT). h t a n d a r d  d e v i a t i o n s  r e p r e s e n t  t h e  v d r i a b i  l i  t y  i n  t i m e ,  tro111 clay1 
t o  day,  o t  t h e  A/B s c a l e  a r e a  a v e r a g e .  

- - 
I?I<I.SSIII<E (.I.OIID rap RADIATIVI': CONVERGENCE (t) / I)IVFRCEN?II (-) 

(tr111 ) 11 IS I'KlHII?lON (%) ( w a t t s  per s q u a r e  Inetcr  p e r  l C l y e r ,  A p )  
S1IORTWAVE -- -. 1.ONCWAVE 

a 
a 
Q 

TOTAL 
Mean S t d .  Mean Sld .  I l r , ~ n  S t d .  S t d .  

Oev. Dctv. n r v .  
100 ---- - -  -....-.. ----- Y -r--- 

10.2 0.0 0.0 0 -10.8 ---- -2-1 : ,,,,, 200 ----- a ----- 
12.7 8.9 0 0.0 0.0 * -70.0 ---- r---- O r---- ----- . ----- 3.5 

100 
9.3 5.0 0.0 0.0 -24.3 ---- --em- . ----- ----- . ----- 400 
10.9 5.5 a - - - - 0.0 ----- . ----- 0.0 * -25.7 

5-0 0 ----- a ----- 
11.0 3.6 0.0 0.0 * -26.7 ---- ----- a ----- ----- e ----- 6'00 
10.6 2.2 0.0 ----- a ----- 0.0 a -72.7 ---- ----- a ----- 6.H 

700 ----- 
9 I 6 3.1 0.0 0.0 a -20.4 8.5 

80 0 ---- ----- + ----- ----- a ----- I--__ 

9.3 6 . 8  a 0.0 0.0 -15.8 ---- ----- a -\z--- ----- 4 ----- Qd 0 
8 o 0 7.6 * 0 * 0 0.0 a -9.2 

>loan ---- ----- o -,--- ----- Q ----- ----- a -- --__- 
CLEAR 8.2 0.0 0.0 * -4.0 - - - - 11.1 ; ----- 10  12 ----- ----- * ----- .1 .---- 

TOTAL T R n P o s P H E n E  0.0 ~'3.8 

Average r a d i a t i v e  convergence  p r o f i l e s  and c l o u d  t o p  p r e s s u r e  d i  s t r i b u -  
t i 0 1 1  f o r  t h e  G A l E  b s c a l e  a r r a y .  Mean v a l u e s  a r e  co~llputed o v e r  t h e  
t l i s t u r b e a  days  o t  IJllase 111, J u l i a n  bay nun111et-s 245, 24>J, 256, 251,  

my, t u r  t h e  0 hour- p e r i o u  uuuu-u6UU LSr  ( a l ~ p r o x i ~ : ~ , i t ~ ~ l ~  013U t o  u / j U  
, ) IT) .  S tanddrd  n e v i a t i o r ~ s  rc1) resen t  t h e  v a r i a b i  I i  y i r ~  t i m e ,   troll^ day 

LO day ,  o t  t i l e  Ir %.a le  a r e a  a v e r a g e .  



-83- -- - ~- .. . . ~ .  .. .- - 
(1 l.(lUl) 'TOP RA1)TATIVE (:ONVERGF,NCE (t) / I)] VEK(:EN(:I< ( -) 

I 
. .  . . . 

(III~) DISTIIIFJUTTON ( X )  (watts 11cr square IneLcr pe r  l i ~ y c r ,  A!") 
SIIOICI'WAV!: -- - . . I.ONCWAVE -- - - .- - 'HITAl. .. 

Eft! in :it.,!. H r a ~ l  :;Id. M~::trl Sld. F!L,,IL~ 1 , ! .  

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t o p  pressure  d i s t r i b u -  
~ I O I I  t o r  t he  L A l t  U sca le  ar ray .  Iblean vd lues  a re  co~nputed over  the 
d i s l u r b e d  days o f  Phase 111, Ju l i d r r  Udy nurl~bers 245, 248, 2 5 6 ,  2 5 1 ,  
L C ' ) ,  t o r  t h e  6 huur  p e r i o d  UGW-1LUU LST l a p p r o x i r ~ ~ a t e l y  U750 t o  1 3 ~ 0  * 
c l iT ) .  StafIddril dev i a t i o r i s  repre:errt ttre v ~ r i d b i  11 t y  i n  ~ I I I I~ ,  tl.ur11 day 
t o  day, O t  t h e  U s ~ d l e  dred dVL'rdge. 

I n 0  ii;? 
200 --.t- 

15.0 
700  - - 

10;; 

l ' l ~ l : : ~ S l l l ~ l ~  HAnlA'l'IVE (:ONVE:R(:ENCE (+) / DI.VERGENCE (-) 
I S !'UIRII'I'ION (2)  (wiicts lrrl square rnr.lt!r per layer, Ap) 

SIIOICI'WAVE -- .. ..~ - . I.0NCWAVK .- .- TOTAI. 
S L ~ .  Mean Sld. Moan SLd. -- 

Mean 

1L.v. Dvv . 
" U ----- --.-- 

i s  10.0 4 . 0 ----- o ----- - - - - - 
4.4 * 18.0 I .5 ----- a ----- ----- 
4.7 20.0 

SLd.  
Dev. ----- 

2.4 -.--- 
1.2 ----- 

I---- a ----- 2.7 ----- 
4.8 * 17.5 2.7 ----- a ----- ----- 
3 .6  a 16.0 2.4 

Dev. - -  U ----- 
0 5  a -3.0 ----- a ----- 
4.4 a -3 .3  
-,--- a r---- 

4.6 -5 .8 
-,--- * ----- 

8 . 3  a -7.4 
-,--- a ----- 

0.4 a -7.5 
-,--- a ----- 

5.4 a -6.9 
-,--- a ----. 

3.8 a -1.9 - -  a ----- 
2.2 * -7.4 ----- a ----- 
1.1 a -5.6 

-,--- ----- 
.1 * -4.0 

-,--- a ----- 
a 

hno  --.a- 

9.6 
7 0 0  -i;'; 
800  ---- 

8.0 
900  -;'ti 

i n 0 0  -- 
CLCAR 8.A 
10 1 2  ---.- 

TOTAL 

I on ---- 
Z 0 . R  

? O U  - - 
2h.4 

300  ---- 
15.3 

400  ---- 
11.8 

5 0 0  ---- 
8.8 

600  ---- 
6.5 

7 0 0  _--- 
4.9 

A00 ---- 
3.6 

900  ---- 
1 

i n 0 0  ---- 
CI E A R  
1n12  ---- 

TOTAL 

Average r a d i a t i v e  convergence p r o t i l e s  and c l o u d  t o p  p ressu re  d i s t r i b u -  
t i o ~ n  f o r  t he  GATE ti sca le  a r ray .  Biean va lues  a r e  conlputed ove r  t l i e  
d i s t u r b e d  days o f  Phase 111, J u l i a n  bay r lur~~bers 2 4 5 ,  248, 256, 2 5 7 ,  
254 ,  t o r  t l i e  6 hour  p e r i o d  IZUO-18IJU LST ( a p p r o x T 6 t e i y  1 3 3 ~ - t o - l 9 j u  .- . 
I T .  Stdrlr!dr.d t !evi ; i t ibns repl-eserrt t he  v a r i a b i  l i t y  i n  t i n e ,  f r o n ~  day 
Lo day, of  r t le lj s c a l e  urea dverage. 

-_--- 
1.8 12.3 2.5 

,---- a ----- ----- 
1.8 8.4 ----- o ----- 3.0 ----- 
3.5 5.8 - -  a ----I 

3.4 ----- 
4.5 3.6 3.2 -- ----- a ----- ----- 

16.4 .2 ,.3 ----- a ----- ----- 
a 
a 

TFlOPOSPHERE 111.R 13.5 

Dev. Ucv. 
-I--- u ,.---- . a ----- 

3 12.8 4.4 * -15.8 -- ----- ..---- ----- U I---- 

10.4 21.7 4.1 -25.0 ----- U ----- ----- a ----- 
3 . 6  o 18.2 4.1 -?4.n ----- a ----- ----- a ----- 
5.3 a 13.2 5.9 -20.7 ----.. a ----.. ----- a ----- 
6.0 10.7 5 . 8  -18.1 ----- ----- ----- --,,- 
5.2 a 4.6 -13.9 ----- a ----- ?.I ----- o ----_ 
3.8 4.5 ----- $4 ----- 3.5 a -12.4 ----- a ----, 
3.9 * 2.6 2.6 6 -10.0 ----- a ----- ----- 41 ----- 

e 7  1.9 * 1.1 1.2 * -he7 ----- a ----- ----- a ----- 
.2 .I a .o .O -4.17 ----- e ----- ----- a ----- 

a a 
a a 

TROPOSPHERE 91.9 18.3 -150.7 

IJKCSSI~I~E 1.0111) TOP KADI ATTVE CONVERGENCE (+) / DIVERGENCE (-) 
(11111) (watts pcr square meter per layer, A p )  

Std. 
Dev. 

sllollrwr\vl; 
Mean S t d .  

1,ONGWAVE 
Meon Strl. 

1,cv. 
---u- ..-..-- 
-1.1.5 3.6 ----- -..--I 

-22.6 ----- 2.b ----- 
-28.7 3.6 

TOTAL -- 
Mean St.11. 

TOTAL TH POSPHERE i 
Average r a d i a t i v e  converyence p r o f i l e s  and c l o u d  t o p  pressure  d i s t r i b u -  
t i o n  f o r  t h e  LATE Lc s c a l e  a r ray .  M ~ d r l  vd lues  a re  co111l)uted ove r  t he  
d i s t u r b e d  tldys o f  Phase 111, Ju l ia11 Day nu111ber-s 245,  248, 2 5 6 ,  2 5 7 ,  
259,, t o r  t he  6 hour  p e r i o d  1LIUU-24UU LST ( approxinlat&ly 1 ~ 3 1 ~  t o - ~ 1  3U -. . . 
tikT). Standdrd d e v i a t i o n s  rep resen t  t h e  v a r i a b i l i t y  i n  t i l l ie,  t r o ~ ~ l  day 
t o  aay, o f  t he  fl sca le  area average. 





3.3 M E ~ N s  OVER THE 5 DAY SUPPRESSED COMPOSITE CASE, A/B and B SCALES 

first th A/B array and then the B array for the 5 day suppressed composite i 

The 

the mean 

case. T e values are given in 100 mb vertical resolution for 7 different 4 

following 14 tables, on pages 85 to 89, give vertical profiles of 

cloud top distribution, SW, LW and total radiative divergence over 

averagin peyiods: (all in local standard time) 00-06, 06-12, 12-18, 18-24, 1 I 
00-24, 04-18 '(daytime) , and 18-06 (nighttime) . The standard deviations re- 

present he variability in time, from day to day, of the Area averages. 9 

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t o p  p ressu re  d i s t r i b u -  
t i o n  t o r  t he  GATE A/U sca le  ar ray .  blean va lues  a r e  ro l~ lpu ted ove r  t h e  
suppressed ddys o t  lJtiase I l l ,  ,111liar1 I)dy I lu l l~ lwrr;  7 4 3 ,  144 .  2SU, 451, 
Zsb ,  t o r  l l ~  t~  hour p e r i o d  UUUU-UuUU 1.51 ( ~ l ~ l , r o x i ~ i ~ d t e l y  U l J U  t o  U73U 
OblT). 5t,j1,udrd t l c v i d t l ons  r.epl'csent t h e  v a r i d b i  1 i t y  i 11 t i l i lc ,  trr1111 tldy 
t o  clay, u t  t l le A / i l  S L ~ ~ I ;  dr'ed dver'dye. 

. .._ . 

I:,,: ,LJKI: 
, ;:. ) 

E:u 

130 ---- 
1 

200  ---- -- 700 

400 ---- -- 500  
18.3 

600 --I- 

14.7 
700 -- 

11.0 -- ROO 
10 

900  -- 
10 -- 

k:PXR 18.1 
--,-- i n  1 2  

TOTAL 

S L d .  
Dev. 

. _ _-_ - - .  
(:I.OIID 'TOP a r z l ) l ~ r r v e  cl1NveucI;:Nce (+) / I)TVIII(GEN(:I: (-) 
I)lSTI(I RUTION (7:) (watts pel- sqluaz-r mvtci -  11er I.ayer, Ap)  

SIIOII1'WAVI: - -- . --- - I.ON(:M,lVE . . - . . . - - - TOTAL 
i n  Srd. Elean :it.d. Men11 SLd.  Meall 

Dev. Dev. 1)t.v. --..-- 4 ,,--- -I--- a -- -.... -,--- c --,-- 
3 1.2 0.0 0.0 -6.4 .b a -6.4 

-r--- a ----- ----- a ----- ----- a ----- 
3.0 2.1 a 0.0 ----- a ----- 0.0 a -16.3 -- ----- U ----- .Y a -16.3 

-,--- a ----- 
3.8 2.2 * 0 10 0.0 * -24.6 ----- a - - e m -  ----- Y ----, 

1.1 -24.6 - a --,-- 
9.0 b.2 0.0 a -29.0 .- ----- a ----- n * O  ----- 4, ----- 4.2 a -29.0 ----- a ----- 

10.4 a 0.0 U.0 a -37.6 ----- a ----- ----- a ----- 6.4 a -31.6 
-,--- a ----- 

b.9 0.0 0.0 -29.0 -- ----- a ----- ----- a ----- 2.8 a -2Y.O ----- a ----- 
3.9 * 0.0 0.0 * -24.1 -- ----- a ----- 6.7 a -24.1 ----- a ----- -,--- a ----- 

.O 3 . 8  0.0 0.0 a -1R.9 8.3 -16.9 .- ----- a ----- ----- u ----, - a ----- 

.7 6.0 -- 0.0 ----- a ----- 0.0 a -11.5 ----- a ----- 4.2 a -11.5 
-,--- a ----- 

20.7 a 0. 0 0.0 -4.0 
----r a r---- ----- Y ----- .i a -4.0 ----- a ----- 

a U 
a a a 

TItOPOSPHEHE o 0.0 0.0 * -201.4 8.3 -201.4 

Average r a d i a t i v e  convergence p r o t  i l e s  arid c l o u d  t o p  [Jressurc d i  s t r i b u -  
t io r1  f o r  t l l c  (;ATE A/\$ sca le  a r rdy .  I I ~ ~ I I  values 'arc. LOIIIIIIILC~ uve r  ti lt, 
supprc,sscrl tidy\ o t  I1t~,ise 111, , lu l id r l  lJdy rlu!!~l)crs c ' l j ,  % ' I n .  P ! J u ,  251. 
2Sb, t o r  l l l t :  u I luur ( w r l o u  L J D U U - l t i r l l  1.51 ( i l l : I rox l l ; ia t~ : ly  U / J O  t o  133b 
I T .  S td l l l l d~ l !  c1ev i~L lun5  r 'epresenl t.llc- gar- idbi  I I t y  I II t i w ,  tru111 a d :  
t,,, <.,,Qy. v , t  l.111: n!l$ , , , I P  <lrl!,, ,,,?a ,,44,j+:: 

. . . -. - . . 
11.. ' 11<1.. 

Mean 

1 00 --I- 

200  Y:; 
300 -- 
UOO -- 
500  -- 

11.2 
600 - - 

14.R 
700 -- 

13.7 
R0 0 iE':T -- 
9 0 0  13':8 

1000 -- 
CLEAR 22.4 
l n l ~  -- 

TOTAL 

-- -- - . -. - - - -- - .~ ---- - - - 

r:l 1'11111 1111' Fb\DlA'l'JVI! CONVEIi(:I!N(:E (+) / I)IVEKGI.:NCF: (-) 
111 S'l'l<J ~f~" l ' lOtd (%) (watts per sqlrarc I I I ~ L ~ I .  per l a ye r ,  Ap) 

SHOWWAVE ~ l.ON(:NA'JJ ---- - '10 ChL 
SLd.  Mean Std. Mean S I :~ .  Mean S c d .  
nev. Dc3v. Drv. 1)f.v. 
--r-- 4, ----- - -  a ..,,,, --",-- U ----- ----- 

1.0 1.2 * 5.9 .* U -6.3 .S 48 -.4 - -  a ----- .l ----- a ----- ---..- . ----- ----" 
1-.7 0 12.2 1.0 -16.2 .8 -4.0 ----- a ----- ----- a ----- - -  a ----- .3 -- ----- 

3.0 1.3 * 22.1 .3 a -24.1 .4 * -2.0 .5 -- ----- a ----- ----r a ----- r---- a ----- ----- 
5.1 l.H * 23.2 8 -26.5 $ 9  -3.3 ----- a ----- ----- a ----, - -  + ----- . Y -- ----- 

4.9 0 23.6 1.6 * -33.1 3.9 -9.5 2.5 
,. - ----- a ----- ----- a ----- -,--- a ----- ----- 

5.8 :: 2.3 * -32.11 2.7 -10.3 --- - - ----- a ----- - -  a ----.. .-I -- ----- 
4.2 16.5 1.6 -2H.H 3.6 a -12.3 7.5 ----- a ----- ----- a ----- - a ----- ----- 
4.0 12.z 2.2 -21.9 4.5 -9.6 ----- a ----- ----- a ----- - -  a ----- 2.7 - ----- 
1.5 a 8.9 2.1 * -12.4 2.9 -3.5 1.2 .- ----- a ----- ----- a ----- - a ----- c---- 

15.0 a .5 , 3  U -4.0 .1 -3.5 ----- * ----- -,--- a ----- .2 -- -,--- • ----- ----- 
a a a 
a a a 

T?nPOSPHEWE 146.9 5.1 a -205.7 4.7 -58.4 2.7 



-- -- 
P R E S S l l R E  Cl.OlJIl T O P  R A D I A T I V E  CONVERGENCE (+) / DIVERGENCE 

(mh) ~ I S T R ~ B W I O N  (I )  ( w a t t s  ~ e r  souare metel 11er l a v e r .  bv) 

Mean S t d .  

, . .  
SHOICIWAVB . - .- - - . -- I.ONl;\JAVI? . -.- .. -. .. - 1 n1;rk 

Mean S t r l .  Mean S t d .  Me n S t d  
l l e v .  - I ,,..-- 

1 . 8  a 0 .0  

a a 
TOTAL T'WPOSPUERE 142.8 10.1  -202.3 9.2 : -49.5 

Average r a d i a t i v e  convergence p r o t ~ l e s  and c l o u d  t o p  p ressu re  d is t r i 'bu-  
t i o n  f o r  t h e  LATE A/U sca le  a r ray .  Mean va lues  a r c  conlputed ove r  %he 
suppresseu days o t  Phase 111, J u l  I a n  Day nur~bers  243, 244, 25u, L?1, 
258, f o r  t h e  b hour  p e r i o a  12uU-luUU LST  ( a p p r o x i ~ n a t e l y  1330 t o  ~ Y J w  
6EIT). Stantldr d d e v i a t i o n s  rep resen t  t he  v a r l  dbi  I I t y  I rl t i l l i e ,  troll1 (day 
t o  day, o f  tllr All3 sca le  area dverdge. 

4 0 0  

5 0 0  

6 0 0  

7 0 0  

A00 

son 

- -- -. - -- -- -- .. . .- . . - 

i n n o  
CLEAR 
1012  

PRESSIIKF; l~l .OU11 Till' KADIATTI'E CONVI!RGENCE (+) / UIVEI<CI!NI:E (-) 
(mb) ~ I ~ T R I ~ I I T I O N  ( % )  (wal1.s per square meter per l a y e r ,  A p )  

SHOR'IWAVE 1,ONGWAVE - - --- 

a a 
TOTAL TROPOSPHERE 0 0.0 0.0 a -199.0 

TOTAL 

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t o p  pressure  d i s t r l b u -  
t i o n  t o r  t h c  GATt A/U sca le  ar rdy .  hlean va lues  a re  colrlputed ove r  t h e  
suppresseo adys o f  I'hase 111, J u l l a n  Ildy r lu~ l~bers  243, 244, LbU, 251, 
:'JU, l o r  t he  b l ~ o u r  p e r i o d  IIIUU-L4UU I S1 ( d l ) l ~ r o x i ~ ~ ~ d t e l y  1YJb t o  U l Jb  
I . Standdra d e v I a t i o r ~ s  r ep rcsc r l t  t he  vdr 1 d b i l  i t y  I n  t ime, troll1 day 
t o  ddy, o t  t he  A/U sca le  area average. 

Mean S t d .  Mean S t d .  Mean S t d .  

D c v .  I S t d .  
D e v .  Dev. ~ L , v .  

-- - - . - -- - -. - - - -- 
PRESI;III(E 1 ~ l . t l l I l ~  'I'OI' 

(mb) D T S T I I I R I I T I O N  ( I )  

Mean S t r l .  
Dev. 

- - - 
13.1 

,600 *--- 
13  a 3 

7 0 0  ---- 
1 1  .7 

A00 ---- 
10.4 

e o n  -..-- 
13.1 

i n n 0  ---- 
CLEAR 2 1 . 7  
10 12  ---- 

TOTAL THOPOSPMERE 

-- -- - -- -- -- -- - - -- - - - - 
RI\IIIATTVF: CONVI..KCII.N(:I: (+) / DIVII.KCl:N(:I< 

( w a t t s  per  square meter per  l a y e r ,  h p )  
SHORlWAVE -- I.ON(;WtZVJ -- - 

Mean SLd. Mean S t d .  
Drv. D e v .  

V ----- w e - - -  V ----., --..-- * 3.0 .5 * - 6 . 5  
a ----- ---r- a ----- . L, ---- - 
a 6.2 1.3 * -16.6  
a -,-,- ----- a --me- 

. 7  --- - - 
11.1 .5 a -74.9  

a ----- ----- a ----- .9  ----- 
a 11.5 
a ----- .Y 0 -27.6  ----- a ----- I .r? 

---a- 

* 11.5 1.5 -33.4 
a ----- - a ----- 2.9 ----- 
a 10.3 2.7 -29.4 
a ----- ----- a ----, 

.ti ----- 
I( 8 .0  2.1 : ::%:: 
a ----- ----- 3.4 ----- 
a 6 .0  2.6 -20.7 
v ----- ----- a ----. 4.2 ----- 
a 4 . 5  
a ----- 2.5 a -12.4 ----- I ----.. 1 .LI ---- - 
a .2 2 -4.0 
a ----r ----- a ----- . 1  

I--- 

a a 
a a 

72.4  7.8 -2n?.0 4 .9  

Average r a d i a t i v e  converyence p r o f i l e s  and c l o u d  t o p  pressure  d i  s t r i b u -  
t i o n  f o r  t h e  LATE A/lj s ca le  a r ray .  Mean va lues  are col i~puted ove r  tt ie 
suppressed ddys o t  IJt1dse 111, J t r l i d f ~  [lay nu~ l~be rs  243, 244, %5U, 251, 

,.rj, f o r  t he  24 hour  p e r i o a  U W U - L ~ U U  LS l '  (aPpr.oxin~at.uly L ~ J U  LO ~ l ' j u  
IT).  S t d l l d ~ r ( i  ( l e ~ i i 1 t i o n 5  rt!p~*eSErlt t l l c  v a r i a b i l i t y  ill t.illle, t ronl  day 

i u  i ldy, of  the  /\/I{ sc, i le ' i r . ~ : ~  dver , i~~( : .  



T O T A L  /ROPOSPHEYC 

...-......- -. 
I ' I~I~SSI l l<I~ ,  

! i t t l > )  

Mean 

1 0 0  
I 

?OO .. 

Average r a d i a t i v e  convergence p r o t i l e s  and c l o u d  t o p  pressure d i s t r i b u -  
t i u n  f o r  the GATE A/U sca le  ar ray .  Mean va lues a re  computed over  the 
suppressed days o f  rhase 111, J u l i a n  Day nun~bers 243, 244, ZSU, 251, 
258, t o r  rhe 12 I ~ o u r  p e r i o d  U6bU-lBuU LST (approx imate ly  -u/'Ju ' t o - 1 4 3 ~  b 

M .  Starlddrd dev ia t io r rs  represent  t he  v d r ~ a b i l i  t y  i n  t in le,  front day 
t o  day, o t  the A/U sca le  area dverage. 

... -- .A*--- -- 
i:l,OllD TOP M U I A T I V E  CONVI!KGENCE (+) / DIVERGENCE 
I )  I S'PR[IIIITI:ON (%) (wat ts  per  stluarc mcler  p e r  l a y e r ,  Ap) 

S IiOH'I'I.IAV I:. . --- - .- . . l.~)rj(!!ffi,yg 
S t t i .  Mean S t d .  Mean S t d .  
D e v .  U c v .  Dev. -.*-- ..---- U "---- . e -9-3- ..---- 4, 

.1 1.5 S I 9  15 -6.3 --..-- a --..,- .6 0 -- .---- a -I--- -,,-- a 

.-P --------A 

IJI:ESSUKb: 1:LOUD T01' HAI)IATIVE CONVERGENCE (+) / DIVERGENCE (-) 
U l S T R I R U T I O N  (%) ( w a t t s  pe r  square meter per l a y e r ,  hp) 

SHORTWAVE !2cWC,W&VJ TOTAL -- 
S t d .  Medn S t d .  !.I?.III Std. Mean Std .  

- 300 

400 - 
5 0 0  - 

1 
600  * 

100 

200 

300  

400 

5 0 0  

600  

700  

ROO 

900  

.6 2.9 0 12.4 
r---- 0 ----- 1.3 a -16.5 -- ----- a ----- 1.2 : ----- 

.3 2.5 * 22.3 .5 -24.8 1.0 -- ----- a ----- ----- u ----- ----- a 
0 0 2.9 2 3 r 0  ,L) u -;?6.9 1.3 * -- I.--- a ----- ----- o ----- ----- 
.S 4.6 23.1 1 -31.8 3.4 -- ----- . ----- ----- 0 ----- ----- a 

D e v .  ........... 
0.0 a -6.6 ----. a ..---- 
0.0 -16.7 

r---- a ----- 
0.0 * -25.0 ----- -r--- 

0.0 * -2H.4 - 0 ----- 
0.0 a -35.0 ----- ----- 
0.0 a -28.4 ----- 
0.0 -21.7 -..--- ----- 
0.0 a -19.4  

- m e - -  0 ----- 
o r 0  * -11.9 

r---- a ----- 
0.0 a -4.0 ----- a ----- 

a 
a 

0.0 - 2 0 o . t  

5.5 • 20.7 2.7 -30.4 3.4 

Dev. 
----r Y .----- 

1.0 * -6.6 -..--- a ----a 

1.8 -16.7 
----r . ----r 

l r 6  -25.0 .---- . ----- 
3.3 -26.4  ----- ----- 
6.6 a -35.0 ----- ----- 
3.3 -28.4 -,.--- ----- 
6.7 a -24.7 ----- U ----- 
8.0 * -1'9.4 ----- a ----- 
4.2 * -11.9 ----- a ----- 
.1 -4.0 ----- a ----I 

e 
0 

11.2 -200.2 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t o p  pressure d i s t r i b u -  
t i o n  t o r  t he  GATE AIL! sca le  ar ray .  Mean vdlues a re  conlputed over  t h e  
suppressed Gays o f  Phdse 111, J u l i a n  Day nulnbers 243, 244, 25U, 251, 
258, t o r  the 1L hour p e r i o d  ItlCIU-u6Uu LST ( a p p r o x i ~ i i d t e i y - l g r  toT173u 
b l d T ) .  Stdl luard t l ev i d t i ons  represent  the v a n  ah1 l I t y  i r l  t i lne, t rv i i i  day 
t 1 1  (+av the  AiB scdlt !  area 9vr roge.  

4.. S t d .  
S I [ O R ~ J . Z V E  ~ .or i c : r .~ , \ ve  . - - ....... - TOTAL ..- 

Mean S L ~ .  Mean S L ~ .  Mean S t d .  
nev. D e v .  1 ) ( ~ .  D r v .  

100 - -  * ----- -.-.- Y -rr..r -,,..- Y ..-..-- ---..- 
1.6 * 0.0 0.0 a - b e ?  . 7  -6.2 . 7  

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t o p  pressure d i s t r l b u -  
t i o n  f o r  the GATE B sca le  ar ray .  Mean vd lues a re  co~r~puted over  t he  
suppressed days o t  Pllasr 111, J u l i a n  Day numbers L43, 254, 25U, 251. 
25U, t o r  t he  b 11our p e r l o d  UUUO-UbUU LST ( a p p r o x i ~ s a t e l y  U l Jb  t o  ~ 7 3 U  
i .  Standdrd dev ia t i ons  r e p r e s e ~ l t  the  v a r i a b i  I 1  t y  i n  t l p e ,  t r o l r  day 1 t o  day, o t  the I$ sca le  area average. 



-88- 
- . . - -- -. 
l'KI!SSIJRE CI.OUI1 TOI' RAIIIAT'LVE (:ONVEI<OENCE (+) / DIVER(;KNCE 

(mb) 1 ) I S T R l B U T I O N  (%) ( w a t t s  p e r  sqrlnre meter p e r  l a y e r ,  A l l )  
SIIORTWAV t: I .ON(:WAVI: . - . .-.A. - TO-LA!, 

M ~ . I I ~  S t d .  Mean S L ~ .  ~ I ~ < I I I  S t d .  S t  ,! 
1)ev. 1 ) e v .  

100 ....-- ----- U ----* -..--- 0 r-,", 

.9 1.9 5.8 . A  0 - h e ?  
200 ---- ----- 0 ----- ----- * ----- 

2.5 4.5 0 12.0 2.1 0 -16.0 
300 ---- - o ----- ----- * ----- 

a.4 3.7 0 22.0 05 0 -E3.9 
400 ---- ----- ----- ----- o ---r- 

3.5 3.8 0 23.2 1.2 -25.7 
50 0 ---- - * ----- ----- ---I- 

10c.4 7.4 * 24.0 ---- ----- 0 ----- 1.9 0 -32 .6  
100 ----- o ----- 

13,. 8 7.8 22.1 3.4 -32.0 
700 _--- r---- ----- ----- 0 ----, 

12.5 4.6 16.8 3.6 . -29.6 
ROO ---* ----- 0 ----- ----- ----- 

~ 2 . 9  5.0 12.9 ----- ..---- 4.7 -23.5 
900 - - - - ----- e ----, 

15.3 5.0 0 4.3 0 -13.5 

A t t 4 R  
---- ----- 0 ----- 9 * 6  ----- 0 --,-, 
25.7 23.0 0 a5 e 4  0 -4.0 

1012 ---- ----- ----- ----- 0 ----- 
0 0 * * 

TOTAL TROPOSPHERE * 148.9 12.8 0 -206.9 

Average r a d i  a t 1  ve converyerlce p r o f  I 1 es and c l o u d  t o p  pressure  
t i o n  t o r  t h e  LATE U sca le  d r ray .  I~lcan va lues  a r e  col l~puted ove r  t he  
suppressed ddys o f  Phase 111, J u l i a r ~  Ddy numbers L43, 244, 25L1, 251, 
258, t o r  t h e  b  t lour p e r ~ o d  UbUu-12UU LST (dpprox i l t la te ly  u l 3 U  t o  153b 
6FIT). Stdr ldard c lev ia t lons  rep resen t  t he  v a r ~ a b i l i  t y  I n  t l l l ie.  
t o  aay, o t  the  U sca le  drea dverdye. 

--- - -. -- . - - - -- 
P K E S S l l R E  CI.OUIJ TIII' R A D I A 1  I V E  CONVb.I<CENCE ( I ) / DIVERGENCE (-) 

(mb) D I S T R I R U T I O N  (%) ( w a t t s  p e r  s q u a r e  m e t t r  per l a y e r ,  Ap)  t 
Mean S t d .  

Dev.  

I.ONraIJAVE -- . -- 
Mean S t d .  

100 ---- ----- U -..-..- a"--- U ----- 
.3 

200 ---- a6 0 5.7 
r---- * ,-,,, 

.4 * -6.0 ----- 0 ----- 
2.2 ---- 3.0 0 11.9 

300 ----- ----- 1.6 * -15.9 
r---- 0 ----, 

3.2 3.5 0 22.3 
000 -w-- ----- 0 ----- ----r 0 ----- .9 0 -?4.4 

500 
6 5 

---* 
7.9 0 23.3 - 0 ,,,,, * 7  0 -27.7 ----- * ----- 

11.1 
600 ---- 12.3 0 23.9 ----- . ,,,,, 1.9 0 -32.R ----- ----- 

10.7 7.4 20.3 ---- 4.5 -29.7 
700 ----- o ----- ----- ----- 

11.7 ---- 5.2 16.6 5.7 0 -29.2 

O o O  12.2 
- ,,,,, ----- 0 ----- 

900 ---- 5.6 1'3.4 ----- ----- 5.5 -24.0 ----- ----, 
21 -8  ---- 11.5 10.6 

i l n  o ---..- -me-- 
1 * -14.0 

r---- ----- 
jbf $R 20.4 ---- 16.3 0 .5 ----- ----- .3 * -3.9 ----- * ----- 

0 0 * 
TOTAL TROPOSPHERE 148.5 15.7 0 -207.1 

Dev. I 1 

Average r a d i a t i v e  convergence p r o t i l e s  and c l o u d  t o p  p ressu re  d i s t r i b u  
t i o r ~  t o r  t he  GATE B sca le  a r rdy .  Mean va lues  a re  co~nputed ove r  t he  
suppressed ddys o f  Phase 111, J u l i a n  Day r111111bers 243. 244, 25U, 251, 
258, f o r  t h e  b  hour  p e r i o d  ILUO-180O LST ( a p p r o x i i i a t e l y  133G t o  3930 
LldT). S tandard  d e v i a t i o n s  rep resen t  t he  v a r i  s b l l i  t y  i n  t i s ~ e ,  troll1 day 
t o  day, o f  the  B sca le  area average. 

. - 
PRESSIIRI: CT.OIJD '1'01' RAnxh'rl  V E  CONVI:II(:I:NCE (4 ) / T)IVI:H(;EN(:I.: 

(n11.) D l  S'I'lt1 Bll'l'ION ( X )  ( w a t t s  p e r  s q u a r e  m f t r r  p e l  l a y e r .  AD) 

Dev. ---- ----- 
.9 1.1 ---- ----- 

4.9 ---- 8.1 
----.a 

6.5 ---- 9.3 ----- 
9.h 

-c-- 
11.0 ----- 

12.8 ---- 12.1 ----- 
12.7 10.9 ---- .---- 

9.1 ---.. 6 . 8  ----- 
7.4 

*--- 
606 ----- 

SHORTWAVE -- 
Mean S L ~ .  

Dcv. - - ... - - 
0.0 ----- 
0.0 ----- 
0.0 ----- 
0.0 -*-..- 
0.0 

TOTAL TROPOSPHERE o 0.0 0.0 

TOTAL -- 
S t d .  
1)ev. -----. 

45 ----- 
3.4 ----- 
4.4 ----- 
5.2 

Average r a d l a t l v e  convergence p r o t i l e s  and c l o u d  t o p  p ressu re  d i s t r i t u -  
t i o n  f o r  t h e  LATE B sca le  a r ray .  Mean va lues  , i re computed ove r  t h e  
suppressed days o t  Phase I l l ,  , l u l l a n  Ddy f iun~bers 143, ( 4 4 ,  Lbu, 251, 
258, t o r  t h e  6 hour  pc l r lod  18UU-L4UU LST ( a p l ~ r o x l ~ s a t r l y  1936 t o  U13u 
Li lT).  Stdrtddrd d e v ~ a t i o l i s  r ep resdn t  t h e  v a r ~ a l ~ i  1  i t y  III ~IIIIL', tr0111 day 
t o  day, o t  t he  U sca le  area averd je .  

I 



, . - - --.- .._.__"._. - 

I'KI.:SSIIHE RAl)lATtVE CONVI~:K(:I?NCE (+) / 1)TVEKGENCE (-) 
(1111)) ( w a t t s  p c r  squa re  n ~ ~ a t i - 1 .  per: l a y e r ,  Ap) 

%Ojr''\4!\!!L !: IN2AVL '1'OTAl. 
Meal S t d .  Mean S td .  Meilr~ SLd. Mt:;ln Sttl. 

I ) L > V .  Dev. 1)ev. Uev. 

Average r a d i a t i v e  convergence p r o f i l e s  and c loud top  p r e s s u r e  d i s t r i b u -  
t i o n  f o r  t h e  CATE H s c a l e  a r r a y .  /(lean va lue s  a r e  computed ove r  t h e  
suppressed  odys o t  Phdse 111 ,  J u l  id11 Udy rlu~llber.s 244,  2$q, 25U, 
ilbil, t o r  t h e  24 hour pe r i od  UiJUU-%4UU LSI ( a p p r o x i ~ ~ ~ a t e l y  U13U t o  U13U 
GrlT). Stalldard d e v i a t i o n s  r e p r e s e n t  t h e  v a r i a b i l i t y  i r ~  t i s e ,  frotll day 
t o  ddy, u t  t h e  I1 s c a l e  d r ea  average .  
-- -- -- 
:1.0111) TOP RADIATIVE CONVEllCENCli (+) / D1VEIiI:ENCE (-) 

P ISTRIHLITION (Z) 

 lei^ I S l d .  

(wa t t s  pcr  squnrc  Inc3tcAr pe r  l a y e r ,  Ap) 
SHORTWAVE I.ONGWAVE -- TOTAL -- 

Meall S ld .  Plc.~n S L ~ .  Mcan S L ~ .  
I Dev. Dev. 1)ev. Dev. 

!no0 
L I  EAR 
l n l d  

Average r a d i a t i v e  convergence p r o f i l e s  and c loud t op  p r e s s u r e  d i s t r i b u -  
t i o n  t o r  t h e  LATE B s c a l e  a r r ay .  Mean va lue s  a r e  con~puted ove r  t h e  
suppressed  clays of Phase 111, Julia11 Day 11ulu1)ers 243, 244, 25U, 251, 
256, f o r  t ne  12 hour pe r i od  u~~OU-IUUO [.ST ( d l ~ p r o x i n ~ a t e l y  U73U t o  143U 
t i .  Standard  devidt ior l s  1 ,epresent  t h e  v i i r l db i l i  ty i n  titile, troln day 
t o  day,  of t h e  8 s c a l e  area  dverage. 

Cl.OUI) TOP 
IIISTWIHU~'ION (%) 

MUTATIVE CONVEHGENCI: (t) / I)IVEK(;I.:NCE (-) 
( w i ~ t t s  pe r  scpiare llletcr p e r  I .ayer,  Ap) 

s!iyyn.vlv~: I.!!NC%V~ 'r!rGL 
ML.;III S t d .  M C ~ ! I I  S L ~ .  Mean 

Drv. 1k.v. -..--- ......-- U ----- - a ---..- 
0 , o  0.0 a -6 , i !  .b Q -b.2 ----- m e - - -  4 -.---- - a ----- 
0.0 0.0 -16.8  2.6 -16 .8  

m---- ----- a ----- - a ----- 
0.0 0 .0  * - ? S e e  3 . 2  -75.6  ----- ----- a ----- - a ----- 
0.0 0 .0  0 -2tl.A 4 .1  * -28.8  ----- ----- a ----- - -  a ----- 
0.0 0 .0  -33.9  8 .1  -33.9  - - - - - ----- a ----- - -  a ----- 
0.0 0 .0  * -2H.0 6 .2  -28.0  ----- ----- a ----- - -  a ----- 
0.0 0.0 * -24.5 9 2  -24.5  ----- ----- a ----- ----- ----- 
0 .0  10.1  - 2 0 . 1  ----- ----- 0 * 0  a a ----- -?Ool -__-- a ----- 
0.0 0.0 -12.9  6 . 0  * -12 .9  ----- ----- a ----- - v ----- 

. 0.0 0.0 -4 .1  .2  - 4 . 1  ----- ----- a ----- - -  a ----- 
a a 

Std .  

-.*--- 

----- 
6 . 7  ----- 
7.0 

I on 

200 

3 0 0  

400  

5nn 

6 0 0  

700 

ROO 

9 0 0  

I a a * 
TOTAL T OPOSPHERE a 0.0 0.0 -200.9 15.3 -200.9 

Average r a d i a t i v e  converyence p r o f i l e s  and c loud  t op  p r e s s u r e  d i s t r i b u -  
t i o n  t o r  t h e  LATE B s c a l e  a r r a y .  Iklean va lue s  a r e  coe~lluted ove r  t h e  
su1,pressed (lays o t  I'lldse 111, J u l  i drl Llay r1u111bers 243, 244,  ?SU, 251 , 
Zbic, t o r  t h e  12 hour pe r i od  1b11u-OblJU LST (approxinla te ly  193U t c ~  U73U 
Cl*IT). Starldard dev id t i ons  r e p r e s e n t  t h e  vari.il)l l i  t y  i n  t inle,  trwll day 
t o  ndy, o t  t l ~ c  11 st  a l e  aved averdgu. 
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3.4 DAILY 24 HOUR MEANS OVER THE GATE A/B ARRA 

The fol lowing 20 t a b l e s ,  on pages 90 t o  96, g ive  ve 

of t h e  d a i l y  24 hour means of t h e  cloud top  d i s t r i b u t i b n ,  

wave and t o t a l  r a d i a t i v e  divergence.  The domain is  t h e  GA 

during Phase I11 and t h e  v e r t i c a l  r e s o l u t i o n  i s  100 mb.  S 

t i o n s  r ep re sen t  t h e  v a r i a b i l i t y  i n  space of t h e  24 hour me 

112 degree l a t i t u d e  by 112 degree longi tude  a rea  t o  anothe 

.- -- -_." I- -- 
PHESSllRE (:I.OUD TOP RAII I A'YIVE CONVEIIGENCI,. (+) / 1)IVFRCENCI.: (- 

( d l )  ~Il1Sl'RIDlI1'ION ( X )  i w i i t t s  I)CC S C I I I R T R  IIIC.~I:~ p(!r I ; ~ y e r . .  1111)  

S t d .  
Dev. 
--u-- U 

Y , h  a ----- a 
8.4 ; ----- 
9.9 ; ----- 
9.4 a ----- a 
6.8 * ----- a 
6.6 ----- a 
6.5 ----- a 
8 . 5  

r---- a 
7.5 0 ----- U 
8.4 a ----- 0 

a 

TOTAL TROPOSPHERE 

SIIOH IWAV E -- .. .... . . . . l . ( ~ ~ A V l j  
S c d .  Mt?;ln S l d .  Mt.; 
Dev. . .  a ----- 

.5 * -9.n ----- a ----- 
2.3 a -18.6 ----- a I---- 

1.6 * -28.3 ----- . ----- 
2.2 * -31.5 ----- a --r-- 

3.8 a -28.7 ----- 4 ----- 
4.6 a -?P.fl ----- a ----- 
4 1  -17.9 ----- -*--- 
3.8 4 -14.1 ----- a ----- 
3.0 * -8.7 ----- 4 ----- 

.2 0 -4.n 
-,--- a ----- 

a 
a 

14.4 * -192.7 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i  s t r i  bu- 
t i o n  f o r  the GATE A/U-scale a r ray  f o r  August 3, 1974 ( J u l i a n  Day 
242) .  Standard dev id t i ons  rep resen t  the v a r i a b i l i t y  i n  space of the 2 4  
hour Itleans fr0111 one 112 degree l a t i t u d e  by 112 deyree l o r i g i t ude  area t o  
,~not t le r .  

l ' U l . ~ ~ S l l l < ~  ( ~ l . O t i l J  '1'01' RAl) IA' l ' lVI~  (:ONVI:R(:IIN(:I,: (-t) / DIVEIIGBNCE (-) 
(n~b) ,D 1.S l'RTlIII'I'ION ( X )  ( W I I ~ S  pc:r S ~ L I , I U ~  IIIC,!.~:~ p e r  l ayer ,  A p )  

?3JMlnwJ'z, l?K!j,?y'x. 
M~;II. : i t d .  Mmn S t d .  Elc;~r~ !;Ld. Mer 

1110 ---- 
. 2  

2 0 0  ---- 
1.4 

300 ---- 
2 a 4 

400 ---- 
6.7 

500 ---- 
10.0 

600 ---- 
11.1 

700 ---- 
12.5 

ROO ---- 
11.9 

90 0 ---- 
13.6 

i n n o  ---- 
CLEAR 30.1 
1012 c--. 

4 a 
TOTAL TROPOSPHtRE * 76.1 6.6 -20H.1 

t i c a l  p r o f i l e s  

hortwave, long- 

E A/B a r r a y  

andard devia- 

n s  from one 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  top pressure d i s t r i b u -  
t i o n  f o r  the LATE A/B-scale a r ray  t u r  August 3 .  1'114 (.Jull. ln Ilay 
Z.13). Stantldrtl dev ia t i ons  represent  the v d r i a b i  1 I t y  if; 5ljdCe ot  t t lc 2 4  
tlour lileans ~ ~ I ) I I I  one 1/2 degree l a t i t u d e  by liZ at.grc;r l o n g i t u r l c  drca t o  

~ t l l c r .  



Average r a d i a t i v e  convergence  p r o t i l e s  and c l o u d  t o p  p r e s s u r e  d i s t r i b u -  
t i o n  t o r  t h e  GATE A/B-scale a r r a y  t o r  September 1 ,  1974 ( J u l i a n  Day 
244) .  S t a n d a r d  d e v i a t i o n s  r e p r e s e n t  t h e  v a r i a b i l i t y  i n  s p a c e  of t h e  24 
hour  rneans from one  1 / 2  d e g r e e  l a t i t u d e  by 1/L d e g r e e  l o n g i t u d e  a r e a  t o *  
a n o t h e r .  

, _ _  
~ ' l < l . S ! ~ l l l ~ l ~  

(n~h)  

b 

100 - 
800 

700 

400 

roo 
600 

700 

800 

L'RIISSUHB ~1.0lm 'i-01' RADIATLVE CONVEKCENCI! (+) / DIVERGENCE (-1 
(1111,) DIS'I'HIBUTION ( X )  (watts  y r r  squarc meter per l a y e r ,  hp) 

SHOKTWAVE LONGWAVE TOTAL 
Menn S t d .  Me.tn Std. Mean 

_ _  _ -91- _- _ _ _. _ .  _ . __ _ _  . . _.- - - 

6 1  +a 7.2 2.3 -2801 5 2  -21.0 3.5 
900 ----- a ----- ----- a r---- - a ----- ----- 

6.1 a 5 8 2.7 * -15.6 4.4 -9e8 2.5 
i n n o  ----- a ----- ----- a ----- -,--- a ----- ----- 
CLEAR .3 2 -4.n .1 a -3.6 .2 

SLd. 
Dev . -- .." - 

3 . 4  

t 'l,OUl) 'I'OI' RAllIA'l'IVri CONVF:I<(:I:N(:k: (f) 1 1)IVliHI~i~tiCIS (-) 
!IISTKIBIIT~ON ( X )  (w;rtts per uqumr? rneter p e r  layer,  Ap) 

sIinwidAv[: -- - l.ON(:Wz\VI! 'ILJ'rAA 
r:nn S t d .  Me:m S I : ~ .  Ele;~n SLd. i1e:111 I !  1 

Dev. Dcv. Dcv. !k.v. 
- * -  - -  & ----- " * - r r r -  . .  a ."we-- ----- 
.Z . 7  a 2.8 .Z  a -4.9 .3 -3.1 . 2  

a,--- ----- a ----- ----- . ----- ----- . ----- ----- 
1 e5 2.6 5 . 8  . -15.6 1.1 -9.8 e 7  .--- ----- * ----- ----- a ----- -,em- ----- ----- 
2.8 3 7  11.2 . 8  a -24.2 1.9 -13.0 1.3 .I--- ----- ----- ----- a ----, - -  . ----- --L-- 

3.9 4.2 0 11.6 a 6  * -?ha0 2.2 -14.5 -,--- a ----- 2.1 
.I--- ----- a ----- - -  a ----- - - - e m  

5 .5  4.5 : 1 -29.2 2.9 -18.2 3.0 .,--- ----- ----- . ----- ----- * ----- ----- 
7.2 4.2 9.6 1.6 a -29.3 2.2 -19.7 1.7 ..--I ----- a ----- ----- a ----- ----- a ----- ----- 
lor2 5.7 8.3 1.9 -32.4 3.6 -24.1 2.6 

I---- a ----- ----- a ----- ----- a ----- ----- 

1012 

i n o  
200 

700 

&no 

SO0 

600 

7nn 

800 

900 

E : e ! R  
1012 

TOTAL 

Average r a d i a t i v e  convergence  p r o f i l e s  and c l o u d  t o p  p r e s s u r e  d i s t r i b u -  
t j o n  t o r  t h e  LATE AIL-sca le  a r r a y  f o r  Sopteslbcr 2 ,  1974 ( J u l i a n  Day 
2 4 5 ) .  Standdrd  u e v i a t i o n s  r e p r e s e n t  t h e  v d r i a b i l i t y  i n  s p a c e  of t h e  24 
hour  lrleans troln o r ~ e  1/2 Ueyroe l d t i t l l d e  by 1 / 2  degr'ee long1 t u d e  a r e a  t o  
d n u t t ~ e r .  

.--- 

I Dev. Dev. Dev . _-__ - a ----a ---r- b ..--..- ----- 
13.7 9.3 a f ~ .  4 1 -)?.I 5.1 ---- ----- a ----- ----- a ----- ----- 
17.9 1.e 9 9.9 2.6 * -21.6 3.4 _ - - - ----- a ----- ----- a ----- ----- 
14.8 7.9 a Y .6 2.6 * -26.5 5.3 ,.--- ----- a ----- - -  a ----- ----- 
16.7 7.3 3.5 a -26.8 --.--- :: ----- ----- a ----r 

0.8 ---- ----- 
11.1 7.8 * 6.2 4.2 -23.3 8.8 ---- .---- a ----- ----- a ----I ----- 
7.2 4.0 a ---- 3.5 

----r a r---- 
5.0 2.9 * -16.1 ____- ----- . ----- 

5.1 3.1 2.1 2.4 a -14.3 5.6 ---- ----- a ----- ----- a ----- ----- 
4.5 4.1 1.4 2.0 * -12.1 4.5 ---- ----- & ----- ----- a ----- ----- 
4 n 4.n .9 1.5 a - R e ?  ---- - a r---, 

1.H 
-I-- ----- t ----- ----- 
5.1 9.5 .O .1 • -4.n ----- a ----- .I ---- ----- a ----- ----- 

a a . a 
TROPOSPHERE a 47.3 10.H -165 .1  13.7 

- - 
PI<ESSUKE - 7- C1,OUD TOP RADIATIVE CONVEI<(:I.:NCI.: (+) / UlVEHGEN(:E ( -) . . 

(watts pc r  sclt~nrc. metel- piir :I.ayc.r, Ap) 
SIIVK [WAVE: 1,08C\dAVE TOTAL - 

Menn S L ~ .  Mc.in S t d .  Elen11 S t d .  

23*1 :: ----- 
TOTAL 

Dev. 
---I- . -..--, 

.5 0 - h * H  ----- a ----- 
1.3 * -16.5 

----r a ----- 
.9 a -25.3 ----- a ----- 

1.5 * -38.3 ----- a ----, 
2.4 -35.6 ----- 4 -r--- 

3.1 -23.4 ----- . ----- 
3.3 * -19r9 ----- a ----- 
3.1 -15.2 ----- a ----- ' 
2 .5  -9.9 ----- a ----- 
.1 * -4.n ----- a ----- 

U 

----- ----- dl ----- - , a ----- ----- 
a a 
a . 4 

TROPOSPHERE * 73.7 7.2 0 -210.4 7.1 -136.7 4.2 

1 0 0  

zno 
100 

400 

500 

600 - 700 

800 

900 

1000 
C L E ~ W  
1012 

TOTAL 

Dev . ---..- 
1 .A ----- 
1.5 ----- 
2.1 

.I---- 

5.9 

nev. ---- .-- r- C e m - - -  

2.n 1.0 * _--- 3.1 ----- . ,,,,- 
3.3 5.2 a ---- ----- 6.3 

5r4 ---- 5.4 Qr * -Ti:; ----- & -,,-- 
22.9 ---- 8.6 a 12.8 ----- a ----- 
18.8 ---- 7.5 * 13.0 ----- a ----- 
12.7 5.0 -- 8.3 

lE.5 
- a ----- 

7.7 ---- 4.9 ----- a ----- 
8.0 7.2 Qr ' 3.0 ---- ----- ----- 
9.6 11.0 ---- 1.8 ----- a ----- 
7.3 8.9 c . O  ---- ----- & ----- 

a 
a 

TROPOSPHERE 65.n 

I Average r a d i a t i v e  convergence  p r o f i l e s  and c l o u d  t o p  p r e s s u r e  d i  s t r i b u -  
t i o n  f o r  t h e  GATE A/U-scale a r r a y  f o r  September  3 , 1974 ( J u l i a n  Day 
24b). S t a n d a r d  u e v i a t i o n s  r e p r e s e n t  t h e  v a r i a b i l i t y  i n  s p a c e  of t h e  24 
hour  Inleans fro111 one 1 / 2  d e g r e e  l a t i t u d e  by 1 / 2  d e g r e e  l o n g i t u d e  a r e a  t o  
a n o t h e r .  



Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i v u -  
t i o n  f o r  the GATE A/U-scale a r ray  f o r  September 7 ,  1974 ( J u l i a n  Day 
250). Standard dev ia t i ons  rep resen t  the v a r i a b i l i t y  i n  space o f  t h e t 2 4  
hour Inearls fro111 one 1/2 degree l a t i t u d e  by 1/2 degree l ong i t ude  area t o  
another .  

PRI,SSIIKE CI.OUI) TOY n i z o r ~ ~ r v r . :  CONVI:I<CENCI: (+) / I)IVI;RCF.N(:R (-) 
(rill) DIS 'PI~IBIITION (%) ( w ~ t t s  p e r  s t l l r o r e  m c t e r  pe r  l a y e r ,  hp)  

SHOItTIJ.AV -. . I? 1.ONCWAVE 
M e a n  SI  d .  Ele.~n S t d .  Mem S L ~ .  Mec) 

D r v .  D c v .  1 )ov .  
100 - - - - ----- 9 ----- Y --..-- - -  * ---..- 

1.3 3.2 2.9 .4 -6.4 1.5 0 -3 ,5  
200 ---" ----- U ---r- ----- a ----- ----- a ---..- 

7.4 5.6 o 6.7 1.5 * -16.5 

PKESSURE 
(lab) 

TOTAL 
1 S t d .  

D e v .  ----- 
I .2 ----- 

?no 

300 

4 0 0  

'500 

'600 

700 

ROO 

-00 

A:j:R 
11712 

CLOIII) TOP 
D I S T K I B U T I O N  ( X )  

- - - - ----- a ----- 

M I J l A T I V E  CONVERGENCli (+) / DIVERGENCE (-) 
( w a t t s  D e r  souare m e t e r  D e r  l a v e r .  AD) 

2.2 a -10  

2 , <  

SHOR'I WAVE -- -- ',~NC,WLV& 
E f e a n  S L ~ .  M e a n  Stcl. H e . ~ n  S t d .  M e d n  S t d .  

3 

TOTAL TROPOSPHERE 

D e v  . 
-".--- 

3.8 ----.. 
4.6 ----- 
3.6 ----- 
5.7 ----- 
7. Y ----- 
1.6 ----- 
7.6 ----- 
5.6 ----- 
3.0 ----- 

.1 ----- 

300 ----r +I ----- - a *--- 
5.2 5 . 2  11.4 . 7  -25.4 
I--_ ----- a ----- ----- a ----- 2.7 * '-14 ----- a ---- 400 
9 9 7  7.4 11.9 1.4 0 -29.0 ---- ----- a ----- ----- a ----- 4.6 * '-17 

-,--- a .)-- 500 
17.8 8.5 12.2 2.3 • -37.5 ---- r---- a ,,,-- ----- Q ----- - -  a --- 7.4 - 2 5 3  

600 
19.0 6.4 11.4 3.2 -31.2 5.8 -19 _ - -- ----- a ----- ----- a ----- -,--- 0 --- 

700  14.1 4.7 • 7.8 3.1 -73.7 7.5 -15 
ROO ---- ----- a ----- ----- 0 ----- -,--- a --- 

12.1 6.1 5.2 2.9 * -16.6 --- ----- a I---- ----- a ----- 6.1 a - 1 1 4  -,--. Q -r- 

900 1 0 3  8.0 3.2 2.3 a -9.2 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  top pressure U i s t r i b u -  
t i o n  f o r  t he  GATE A/B-scale a r rdy  f o r  September 8, 1974 ( J u l i a n  Day 
251 ). Standard dev ia t i ons  rep resen t  the v a r i a b i l i t y  i n  spdce o t  t he  24 
hour lrlearls from one 112 degree l a t i t u d e  by 1 / 2  degree lo r ig i  tude arva t o  

- I .o 
.)---- 

0 - 2.2 
UI--- 

2 - 4.1 ----- - 5 .9  ..-- - 
8 - 3.9 ---- 
9 5.5 - -v--- - 4.0 -.--- 

PI<I:SSURF. C140UD TOP RADIATIVE CONVEII(:ENCE (+) / DIVEK(3ENCE (-) 
bb) * D I S T R I B U T I O N  (%) ( w a t t s  p e r  s q u a r e  m e t e r  p e r  l a y e r ,  Ap) 1 

-r--- a -,--- 1." : - 6 0  ---- ----- a ---r- ---.*- 1.6 
_too0 ----- ---- 
LCL E k R  6.4 6.8 * 

c--- 
r l  

r---- a ----I 

.1 -3.9 ----- a ----- e l  * -3#?8 
i jn 1 2 - -  a ---.#- 

m.2 
'-..'- 

a a a 
a a U 

T O T A L  TROPOSPHERE 72.3 1010 0 -199.6 11.6 * --127,,3 ' 5 .3  

S t d .  
SHORTWAVE 

M e a n  S t d .  
I.ONGWAVI< 

Mean S t d .  M e a  S t d .  
D r v .  ..-- - - 

1.4 ----- 
2.2 ----- 

D e v .  D e v .  Dcv. 
10 0 ---- - Y ----- r---- U ----- ----- Y ----- 

2.6 4.2 * 
200 ---- 3.4 ----- 0 --,-- 

* U  * -7.0 ----- U ---+, 
1.9 * - U --,,- 

12.5 
30 0 ---- 11.7 a R 7 3.4 * -70.2 ----- a ----- ----- ----- 4.8 a -11.5 ----- a ----- 

16.6 
400 ---- ----- ----- 10.1 a 11.8 ----- a ----- 1.4 -30.6 ----- U ----- 5.1 -18.8 

16.1 7.0 
50 0 ---- 9 . 9  3 . 3  -70.4 ----- a ----- ----- a ----, ----- b e 2  6 -20.5 ---i- 

15.2 6.2 
RO 0 ---- 819 4.4 a -29.1 

r---- a ----a ----- Y ----- 9.2  a -20.3 
-,--- a --,-- 

14.5 7.4 * 7.2 4.6 -72.9 
TO 0 ---- ----- a ----- ----- a ----- ----- a - r - - r  

8.b a -I%.? 
9.2 5 . 6  * 4.3 3 -16.9 

PO0 ---- ----- a ----- ----- U ----- -,--- a ----r 
6.0 * -12.6 

6.6 5.8 * 
900 - - - 2.3 2.5 4 -12.3 

I---- a ----- ----- Q ----, 
4.3 -10.0 ----- a --,-- 

4.0 4.8 
l'q0 0 ---- 1.2 1.7 -H.h ----- a ----- ----- a ----, 

1.2 -7.4 ----- a ----- 
~ E A R  2.R 4.8 
1 n ~ l z  ---- .o .I a -4.n ----- a ----- - -  a ----, ----- .1 a ----- -4.0 

a U a 
a a a 

T d T A L  THOPOSPHLHE 57.6 14.5 * -182.0 18.1 -12u.3 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d l  s t r i b u -  
t i o n  t o r  the GATE A/B-scale a r ray  t o r  Septe~~tber  4, 1974 ( J u l i a n  Day 
2 5 2 ) .  Stdrldard dev ia t i ons  rep resen t  the v a r i a b i l i t y  i n  SllaLr 0t  the 24 
hr Inleans t r o ~ n  one 1 /2  degree l a t i t u a e  by 112 degree l o n g i t u d e  area t o  
,   her. 

-3.6 



_____-_ _ - 
l'l?lC!;SUr'? (:I,Ollli TOP R~)IA'l'IVli l:ONVI!Ur;EN(:I: (t) / DIVI~~I<(;ENCIC (-) 

(nhlt) I J ~ S ' ~ I ~ ~ B U ~ ' I O P I  ( x )  (5,~rtt:i 1rt.r sq11ar.c. ~ m ~ t o r -  ptnr l i rycr ,  Ap) 
srionl.u,~v!: T.~NI:M!IJI\V . b; ryrn_r. 

Ir:nn 7 S t d .  I),.v. !lean Dvv. !; 1 (1 .  P I ~ ~ . I I I  S t d .  1k.v. 1.11.;111 :,ttl. 1h.v. 
1 0 0  

P O 0  

300 

400 

5nO 

brio 

7 0 0 

ROO 

900 

--- t %iff H.? 

a a a 

T O T A L  TROPOSPnEuE * 57.8 18.3 * -178.8 2 7 . H  -121.0 

Average r a d i a t i v e  convergence p r o t i l e s  and c loud top  p r e s s u r e  d i s t r l b u -  
t ior i  tor  tlie GAT! A/I1-scale a r r a y  f o r  September 4 , 1974 ( J u l i a n  Day 
2 Std r~da rd  a e v l a t l o n s  r e p r e s e n t  the v a r l d b i l i t y  l n  space ot the  24 
hour 1;lrdns troln one 112 degree  l a t i t u d e  by 112 deg ree  long1 t ude  a r ea  to ,  
anutl~er .  

Average r a d i a t i v e  convergence p r o t i l e s  and c loud t op  p r e s s u r e  d i s t r i b u -  
t i o n  t o r  ttie (;ATE A/U-scale a r r a y  t o r  S e p t e ~ ~ ~ t ~ e r  5 , 1974 (Ju l idrc  Day 
24b). Standard  deviat . ions r e p r c s e r ~ t  t.he v a r i a b i l i t y  i n  space  o t  the 24 
h~,ccr lileans f r u l ~ ~  one 1 /2  degree  l a t i t u d e  I I ~  1 /2  clcgree lonyi  tuue a r ea  t o  
a ~ ~ o t t l e r .  

PI<ISSUHE 
(mb) 

in0 

eon 
300  

400 

500 

600 

700 

A00 

90 n 
1020 
CL t A R  
1012 

TOTAL 

,* . . ----.---p---p-..---------------.-- ---- 
1'l~l~S:;IIKE im.1 1 ~1.01111 4 r 0 ~ '  RADIATIVE CONV1:IICENCII (+) / 1)IVEKGENCI: (-) 

DIS'I'RlUIITfON ( X )  ( w a r t s  pc r  square meter. pe r  l a y e r ,  A p )  
SHOIYIWAVE - 1.ONGWAVE .- TOTAL 

b can S t d .  Pleiln Std .  !:lean Std .  Elc;ln SLd.  

(~l,(~ll l l  'SO!' RAIIIATTVIC CONVIII<(;KN(:I' (.t) / IJIVI!RCI!NCIC (-) 
III.S'I'K~BIITION (%) (will ts  per  srlililre ~ l l r ~ t r r  per  Inycr, Al)) 

SHORTWAV 1: -. - . . !.ONcW/iV!: TO'I'AI. 
Mean S t d .  M ~ . I I I  C L d .  M L ~ ; I ~  SLd. bIc.:irl S1.d 

Ilev. [lcv. I k v .  11~~. ---- . 6 ----- . * r--- ,  ..."--- U ----- ---"- 
11.5  i3.r4 4 5 , (1 ::,,11 * -11.5 7.3 0 - 5 . 6  3 . h .--- ----- Y ----- ----- v ---.., a ----- ----- 
14.Z 11.5 9.4 4.7 a -20.5 4.9 -11.0 ----- v ----- 3.1 ---- ----- o ----- -,--- v ----- ----- 
11.0 6.6 8.9 3.9 a -?4.9 5.0 -15.9 3.2 ---- ----- a ----- ----- 0 ----- ----- U ----- ----- 
11.4 5 2  7 .H 4.8 Y -65.4 6.1 * -11.6 3.9 --- ----.. a ----- ----- a ----- ----- a ----- ----- 
51 ,4 5.5 7.3 5.1 * -25.9 8.3 * - 1 d . h  5.2 ---- ----- 4 ----- ----- a ----- - -  a ----- ----- 
11.1 6.0 a 6.3 5.0 0 -7Z.O 8 5  -15.7 ---- ----- a ----- ----- v ----- - -  a ----- 5.3 ----- 
10.1 6.2 4 4 -6 4.3 * -19.0 '7.9 -14.3 4.9 .--- ----- a ----- ----- a ----- - a ----- ----- 
7. b 5.6 * 3.2 3.4 U -13.8 5 4  -1O.b .--- ----- v ----- ----- 0 ----, - -  a ----- 3.1 ----- 
6.9 11.5 2.1 2 a -8.5 6 a -b.3 ----- a ----, - -  a --,-- 

1.6 ". - - - ----- a ---- - ----- 
4.7 7.6 a r l  .1 -4.17 r l  * -3.9 

r---- v ----- - -  v ----- .2 .--- ----- a ----- ----- 
a a v 
a a a 

THOPOSPHEHE 55.5 19.4 * -175.3 E5.9 -119.7 12.3 

I. a 
TOTAL ROPOSPHERE 66.5 

Dev. ---..- 
3 ---..- 

2 4 ----- 
1.1  ----- 
2.2 ----- 
3.2 

3 $ 6  ----- 
3.4 

--.a - - 
3.2 ----- 
2.5 ----- 

. 1  ----- 

Dcv. ----- 
2. r ----- 
2.4 ----- 
2.6 ----- 
4. L1 ----- 
6.7 ----- 
5 . 9  

Average r a d i a t i v e  convergence p r o f i l e s  and cloutl  t c p  p r e s s u r e  di s t r i b u -  
ti011 tor. the  G A T E  A/B-scale a r r a y  f o r  Septe~liber b, 1974 ( J u l i a n  Day 
2491. Sta r~ad rd  devi a t ior l s  represer l t  ttie var'iabi 1 i t y  i n  s p a t e  o t  the 24 
hour nledns t1c811i  0111: I / ?  degree  l d t i t u d c  by 1 1 2  ncgree  lorlgi t ude  area t o  
ano tne r .  

Dcv. -..--.. 
2 . 0 ----- 
1.2 ----- 
z .2  ----- 
4.2 ----- 
4.8 ----- 
3.H ---- - 
4.2 ----- 
3 .  S ----- 
1.5 ----- 

.2 ----- 



-94- 
- - 
PRESSllRE CLOIID TOP RADIATTVE CONVEIXENCE (+) / DIVEKGENCE (-) 

(mh) DIS'I'KIBUTION (X) ( w t i t t s  p e r  s q u a r e  IllcLer p e r  l ayer ,  Ap)  t 
Mean S t d .  

SHORTWAVI.: -- 
Mean S t d .  

L,ONGWAVE 
Medn S t d .  S t d .  

k v .  Dev . Dev. I I)Pv. 

TOTAL TRDPOSPWERE 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  top pressure d i s t r i b u -  
t i o n  f o r  the GATE A/B-scale a r ray  f o r  September llr, 1914 ( J u l i a n  Ilay 
253).  Standdrd dev ia t i ons  rep resen t  the v a r i a b i l i t y  i n  space o f  the 24 
hour aeans from one 112 degree l a t i t u a e  by 112 degree l ong i t ude  area t o  
another.  

-- 
PKESSllRE CI.OVD TOl' RADIATIVE CONVERGENCE (+) / DIVERGENCE *(-) 

(mh) DISTRIBIITION (2)  ( w a t t s  p e r  s q u a r e  m e t e r  p e r  layer, Ap) 

Mean S t d .  
SHORTWAVE 

Mean S t d .  
I.0NGWAVE 

MF~<-‘--- S t d .  Meal S t d  
Dcv. ----- a ----.. 

9 . 9  4.1 

. TROPOSPHERE TOTAL 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  top pressure d i s t r i b u -  
t i o n  f o r  the LATE AIB-scdle a r ray  f o r  Septe~r~ber 11. 1974 ( J u l i a n  D a y  
254). Standard d e v i a t i o n s  rep resen t  t he  v a r i a b i l i t y  i n  space o f  the 24 
hour  means from one 112 degree l a t i t u d e  by I / 2  degree l o n g i t u d e  drea t o  
another.  

Average r a d i a t i v e  convergence p r u t i l e s  and c l oud  t o p  pressure d i s t r i b u -  
t io r1  t o r  the GATE Al l ( -sca le  d r ray  t o r  Septel~lber 12, 1914 ( J u l i a n  Day 
2 5 5 ) .  Staridard d e v i a t i o n s  represent  t he  v a r i a b i l i t y  i n  space o t  t he  24 
1; .  Ir means t r o ~ r ~  one 112 degree l a t i t u d e  by 112 duyrce l ung i t u t l e  drea t o  

ther .  

---.- --- 
PR1:SSURE CI.01ID TOP RADIATIVE CONVEI(1:ENCE (+) / DIVERGENCE (-) 

(nib) " DTSTRIBllTION (X) ( w a t t s  p e r  s q u a r e  tnetcsr p e r  l a y e r ,  &p) 
SHORTWAVE_ 1,ONCWAVE 

Mean S t t l .  Mean S t d .  Me.in S L ~ .  ' Mc-arl 
Dev. Dcv. Dcv. 

100 ---- ----- U r..-r- ..---- U ----- - * -I--- 

8.8 12.5 * 5.6 4.9 * -10.4 6 .7  ---- 200 - a ----- -..--- a ----- -.,--- 4 --,-- 
10.4 9.3 * 

300 ---- ----- c ----- ----- -,--- o ----- 3 1  -18.5 ----- 3.4 a -10.6 

9.8 6.3 * 9.7 5.3 -25.4 ---- ----- . ----- 3.9 * -15.7 
400 ----- c ----- 0 a ----- 

9.2 
I--- I---- 

8.7 5 * 2  :: ----- 4.1 a -25.2 ----- a ----- 5.2 a -16.5 
500 -,--- a ----- 

7.2 3.4 a 7.9 4.4 -24.4 
600 ---- ----- 0 -r--- ----- a ----- ----- a --,-- 6.0 -16.5 

9.4 3 .8  
700 ---- ----- a ----- ----- 6.5 6.9 * -17.2 

4 * 1  : :?!:I ___-- . -____ 
9.9 4.5 * 5.0 3.6 -23.2 

A00 ---- ----- a ----- ----- ----- ----- a ----- 7.7 * -1d.2 

9 . 7  5.6 4.0 3.3 -18.h 
900 ---- ----- o ---me ----- a ----- 6.4 a -14.7 ----- a ----- 

9.3 6.4 
1000 ---- 3.0 ----- a -,--- 3.0 * -11.2 4.6 -8.E ----- a ----- ----- a ----- 
CLEAR 16.5 .2 .Z  -4.0 ---- 16.0 a 
1012 ----- a -,--- 

.2 * -3.9 ----- ----- ----- a --,-- 
0 * a 
a 0 a 

TOTAL TROPOSPHERE 58 .5  17.3 -184.7 24.9 -176.2 

- 

TOTAL 
S t d .  
Dev. -"--- 

-4.0 3 . 7  ----- 
2.5 

.I---- 

3.1 ----- 
3.2 

I--_- 

(.---- 

3.3 

4.6 ----- 
5 a 6 ----- 
4.6 ----- 
2.8 

.1 ----- 
14.4 



- .---- I (,LO111) TOP 
1) IS 'C l t IHUTION ( a )  

-9 5- .- - .. 

RADIA'TIVE CONVKIIGENCE (.t) 1 1)IVEItGENCE (-) 
( w a ~ t s  p i 3 r  s q u a r e  m e l o r  p e r  l a y e r ,  Ap) 

SHOK'I'WAVE -. LON(:WAVE- 
,- - - -. . 'I'OTAL . 

M c e n  S t d .  Mc*.in SId.  MI..~II S t d .  
Ilcv. D c v  . Dt.11. 

U .r--..- " a --..u- . a ----- ..---,- 

0 3.4 1.6 * - 4 . 3  4.0 * -4.8 2.9 
a ----- -,--- . ----- - -  a ----- ----- 
a 7.6 3 1  -18.8 3.5 -11.3 1 e Y  
a ----- ----- ----- - -  a ----- ----- 
a 10.6 1.6 a -2419 2 . 8  4 0 1 4 ~ 3  2.3 a ----- ----- a ----- - -  a ----- ----- 
a 10.3 2 . 5  a -26.0 4.1 . -1S.b 3.4 
a ----- - -  a ----- - -  4 ----- ----- 
a 9.9 3.2 * -2717 7.0 -17.9 

0 a ----- 5.7 
a ..---- -,--- 9 ----- .---- 
a 8.2 3 . 3  4 -?4r7 5.0 -16.4 3.0 
a ----- ----- a ----- -_--- ----- ----- 
4 6 .5  3 . 3  -23.8 6.1 * -17.3 4.1 
a ----- -,--- ----- - -  4 ----- ----- 
4 5.3 3.1 -20.3 6.3 -15.0 4.4 
a ----- -,--- a ----- -,--- a ----- ----- 
a 3.9 2.9 a -12.3 4.4 a -8.4 2.6 
a ----r -,--- a ----I - -  4 ----- ----- 
a .2 2 -4.1 .2 -3 .8  e l  
a ----- -,--I a ----- . il ----- ----- 
0 a a 

S t d .  
ncv. 

8 . 2  
1 0 0 

200 

300 

400 

500 

600 

?no 

ROO 

900 

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t o p  p ressu re  d i s t r i b u -  
t i o n  f o r  t he  GATE A/B-scale a r ray  f o r  September 13, 1974 ( J u l i a n  Day 
2 5 6 ) .  Standard d e v i a t i o n s  rep resen t  t h e  v a r i a b i l i t y  i n  space o f  t h e  24 
hour  Illearis troll1 one 1 /2  degree l a t i t u d c  by 1 /2  degree l o n g i t u d e  area t o *  
another .  

- - - ----- p- - - - - 
CI.OU17 T01' R A D I A T I V E  CONVEHGENCE (+) / LILVEHGENCE (-) 
I~ IS l 'R lBUl ' ION (%) (wat ts  per s q u a r ~  m e t e r  p e r  layer.  An) . . .. 

SlIOn'l'WAVE LONGWAVE TOTAL 
M e a n  S t d .  M o a n  S t d .  H u ; ~ n  S t d .  S t d .  

1 Dcv . Dcv. 
-,--- a --,-- 

4.0 4 -5.4 
-,--- a ----- 

4.1 a -11.3 ----- a ----- 
3.3 a -14.5 - -  ----- 
5.5 a -1I.4 

a --,,- 
8.4 4 -19.8 ----- a ----- 
8.2 * -16.3 - a -,,-- 
7.5 a -14.7 ----- a r---- 

6.0 4 -11.7 ----- a ----- 
3.3 -7.0 
-,--- a ----- 

a1 a -1.9 - a --,-- 

Drv. --..-- 
4.0 

--c-- 

2.2 ----.. 
3.0 ----- 
4.4 ----- 
5. '3 

9. A 
ROO ---- 5.3 ----- 

7.9 
900 ---- 5.4 ----- 

10.9 ---- 12.5 

E,"21, ----- 
1012  

6.5 - - - - 8 . 6  ----- 
T O T A  T H O P O S P H E H E  i 

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t o p  pressure  d i s t r r b u -  
t i o n  f o r  t h e  LATE A/H-scale a r r a y  f o r  Septen~ l~er  14, 1974 ( J u l i a n  Day 
257). 5tanddr.J u r v i a t i u n s  rep resen t  t he  v d r i a b i l i t y  i n  space of t he  24 
hour  laearis trot11 one 1 / ~  degree l d t i t u d c  Ily 1 /2  degree l o n g i t u o e  drcd  t o  
another .  

.----.-I---. _---- _ .  . __ 
, PRESSIIRI;. t CI.OU1) 'TOP RADIA ' r lVE COFjVKl<(:lrN(:E (+) / 1) I VICKGENCE (- 

(mb)  t l ISTRIBU1 '1c iN  ( X )  ( w a t t s  p e r  s q u a r e  m e t e r  p e r  l a y e r .  Ap) 

SIlORTI!AVE - - .- - .- - I . ~ N ( : W A V E  .... . - -- - -- TOTAL 
IHenn  S t d .  k l c n ~ ~  SLd. L a a n  S t d .  

Dev. ----- 
3 . 0  

Dcv. -..--- 
.4 ----- 

1.6 ----- 
.8 ----- 

1.2 

1.8 ----- 
2 . 5  ----- 
2.3 

c---- 

2.5 ----- 
2.7 ..---- 

. 3  ----- 
6.1 

Dev. ----- 
1.5 

--I-- 

1.8 ----- 
2.1 ----- 
3.1 ----- 
7.3 ----- 
4.4 ----- 
5.4 ----- 
5.4 ----- 
3.4 

o---- 

.2 --- - - 
8.7 T O T  AL T R O P O S P H E R E  

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t o p  pressure  d i s t r i b u -  
t i o n  f o r  t he  (IATE A/B-scale a r ray  t o r  September 15, 1914 (Ju l ia11 Day 
5 ) .  Standard d e v i a t i o n s  rep resen t  the v a r i a b i l i t y  i l l  space o f  t l i e  1 4  
Itour llieans trom one 112 degree l d t l t u d e  by 1 / Z  degree l o n g i t u d e  drea t o  
 noth her'. 



PRESSUHE 
(mb) 

KADTA'I'TVE 
(watts 

CONVERGENCE (+) / DIVERGENCE (-) 

per squarr meter pe r  l a y e r ,  Ap) 
SHOI?I1JAV F. - 

Mean S L ~ .  
I.ONGVAVE 
, - . --- 

Me;li~ S L d  . M c . . t ~  S t d  Menn S t d .  
Iluv. I ~ V .  I Dev. 

T O T A L  T R O P B S P H E R E  

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i  s t r i b w -  
t i o n  f o r  the G A T t  A/U-scale a r ray  t o r  September 16, 1974 ( J u l i a n  Day 
259).  Standard d e v i a t i o n s  represet i t  the v a r i a b i l i t y  i n  space o f  the 24 
hour means from one 112 degree l a t i t u d e  by 1 /2  degree l o n g i  tuae area t o  
another.  

-- - . - - - 
PRESSURE CLOUD TOP RADIATIVE CONVERGENCE (+) / DlVEKGENCE (-) 

(mb) DISTKIBUTION ( X )  (watts oer scluare mrter n e r  laver.  An) t- --- 

Mean S t d .  

, , , ,  
StiOR'IVAVE -- -. 1,ONCWAVE TO'CAI. 

Mean S t d .  Mean S t d .  Mean 1 - -  S l d .  
Drv. ----- 

3.1 ----- 
3.2 ----- 
2 4 ----- 
3 * 8  ----- 
4 a 8 ----- 
5.2 ----- 
4.8 ----.. 
3.9 ----- 
2.9 ----- 

.2 
-I--- 

18.6 

Dev . -- --- 
5 .o  ----- 
2 . 4  ----- 
3.8 

-I--- 

5.1 ----- 
4.9 ----- 
6 .0  

I---- 

f3.2 ----- 
4.5 ----- 
2 . 1  ----- 
.2 ----- 

11.3 T O T A L  T R O P O S P H E R E  

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  top pressure d i s t r i b u -  
t i o n  f o r  the GATE AIB-scale a r ray  f o r  September 17, 1974 (Ju l ia11 Day 
260). Standard d e v i a t i o n s  rep resen t  t he  v a r i a b i l i t y  i n  space o f  t he  24 
hour means tronl one 112 degree l a t i t u d e  by 112 degree l ong i t ude  area t o  
another .  

I - ---_____- _. 
PKESSURE C L O ~ I D  TOP RADIATIVE CONVERCENCI? (+) / DTVBK(;ENCE (-) 

(mb) * IlIS'rRTBtJTION (%) (watts pe r  square meter pe r  l a y e r ,  Ap) 
SHORTWAVR 1 ,ONCWAVE 

Mean S t d .  Ele.111 S t d .  Me.in ---Ti--* -- S t d .  ?lea S t d .  
Dev. ----- 

3 .5  ----- 
3.9 ----- 
4 . 2  

I---- 

4 .8  ----- 
5.4 ----- 
6.1 ----- 
4.2 

----* 
8 . 3  ----- 
7.1 ----- 

21 .5  ----- 

Dev.  

a 
T O T h L  T R O P O S P H E R E  75 .2  6.8  

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  t o r  the LATE A/I3-scale a r ray  t o r  Septernher 18. 1914 ( Ju l i a11  Day 
Lo1 ). Standard d e v i d t i o n s  rep resen t  the v a r i a b l l i  t y  1n sparc o f  t he  24 
t ~ o u r  means fro111 one 1 /2  degree l a t i t u d e  by 1/2 degree l o n g i t u d e  area t o  
d n o t l ~ e r .  



1 3.5 DAILY 24  HOUR MWLNS OVER THE GATE I3 ARRAY 

f i l e s  of lthe d a i l y  24 hour means of t h e  cloud top  d i s t r i b u t i o n ,  shor t -  

The 

wave, lodgwave and t o t a l  r a d i a t i v e  divergence.  The domain i s  t h e  GATE 

fol lowing 20 t a b l e s ,  on pages 97 t o  103, g ive  v e r t i c a l  pro- 

B a r r a y  during Phase I11 and t h e  v e r t i c a l  r e s o l u t i o n  i s  100 mb. Standard 

dev ia t iods  r ep re sen t  t he  v a r i a b i l i t y  i n  space of t h e  24  hour means from 

one 1 / 2  egree  l a t i t u d e  by 112 degree longi tude  a r e a  t o  another .  1 
- --. . - -- -- -- - - - -- - -- 
YKESSIIKE RADIA1lVE CONVtK(.I(NCE (+) / DIVEKGENCE (-) 

1)ISTRIHUTION ( X )  (watts per square meter per layer, Ap) 
SHORlWAVE -- 1,ONCWAVE - 1OTAl. .- 

S t d .  Mean S t d .  Mean Std. Elean S t d .  
1 Dev. 

TOTAL T ~ O P O S P H E H E  

Drv. --..-- 
.2 ----- 
0 7 

----I 

1.6 ----- 
1.0 ----- 
3.9 -- - - - 
5.3 ----- 
3 .9  -- - - - 
2.6 ----- 
1.6 ----- 

.1 ----- 
11.9 

Dev. 
-I--.. 

4.5 
----* 

2.9 ----- 
6 15 ----- 
7. 2 ----- 
8.6 ----- 
7.9 ----- 
4.9 ----- 
2.6 ----- 
1.2 ----- 

01 ----- 
14.1 

Dev. 

4.4 ----- 
2.6 .---- 
5.5 ----- 
7.0 ----- 
6.1 ----- 
3.6 ----- 
2.0 ----- 
1.2 ----- 
1.4 ----- 

.1 ----- 
8 0 9 

A v e r a g e  r a d i a t i v e  c o n v e r g e n c e  p r o f i l e s  a n d  c l o u d  t o p  p r e s s u r e  d i s t r i b u -  
t i o n  f o r  t h e  e n t i r e  LATE B - s c a l e  a r r a y  t o r  A u g u s t  30, 1974 ( J u l i a n  Day 
2 4 2 ) .  S t a n d a r d  d e v i a t i o r l s  r e p r e s e n t  t h e  v a r i a b i l i t y  i n  s p a c e  o t  t h e  24 
h o u r  llieans fro111 orle 1/L deyr 'ee  l a t l t u d e  by 1 / 2  d e g r e e  l o r ~ g i t u d e  d r e a  t o  
d r i o t h e r .  

.- - -- 
PKP.SSIIRE MDTATIVE CONVERGENCE (+) / DIVERGENCE (-) 

1)IS'IRIAUTION (%) ( w a t t s  per square meter per layer,  Ap) 
StlORlWAVE -- LONGWAVE - - TOTAI. 

S L ~ .  Mean S t d .  Mean Std. Plean Std. 
Dev. Dev. Dev. Drv. 

1 no  - ----- ..I--- .# ----- " 4 ----- I---- 

.4 0 2 .8  . Z  . -5.9 ----- 0 ma--- 
12 * 

200 ----- Q ---.- . 1  - 3 * 1  ----- -,--- * ----- ----- 5.9 * : ----- 1.1 * -15.4 ----- ----- .Y a -9.5 
700 

.3 ----- 4 ----- .---- 
2.4 10.9 .4 U -23.6 

400 ----- a ----- ----I * ----, ----- a ----- 1.1 4 -12.7 . 9 ----- 
3.0 a 11.5 .6 * -26.4 1 6  -14.9 

500 ----- 4 ----r ----- 4 ----- - -  ----- 1.9 ----- 
3.6 4 11.4 1.1 -31.3 

600 ----- 4 ----- ----- 4 r---- --,-- c ----- 2.4 4 -1'4.9 2.4 ----- 
2.8 10.6 1.7 4 -30.3 2.3 * -19.7 

700 ----- 4 ,-,-- -..--- 4 ----- - a ----- I--_- 

1.6 

4.0 9.5 1 -31.9 ----- a ..,--- ----- a ----- 3.1 a -22.4 - -  a ----- 2.6 ---..- 
3.4 1, 7.9 2.2 -26.3 3.3 0 -111.4 2.2 ----- a ----- 900 ----- a ----- -,--- 41 ----- ----- 
5.3 6.2 2.7 a -15.7 2.7 cY.4 ----- a ----- ----- a ----- - -  a I---- 

1.3 ----- 
12.7 .3 .2 -4.0 ----- ----- .1 * - 3 . 8  ----- a ----- -,--- 4 ----- .1 ----- 

a a a 
a a a 

4 4 77.0 7.0 0 -210.7 5.0 -133.8 3.6 

A v e r a g e  r a d i a t i v e  c o n v e r g e n c e  p r o f i l e s  a n d  c l o u d  t o p  p r e s s u r e  d i s t r i b u -  
t i o n  f o r  t h e  e n t i r e  LATE t i - s c a l e  a r r a y  f o r  A u g u s t  3 1 ,  1 9 7 4  ( , l u l i a r ~  I I J Y  
2 4 3 ) .  S t d r ~ ~ l . r r t l  tlcv i , l t i o r l s  r e p r c s c ~ r ~ t  t h c  v'ir.iahi l i t y  i l l  s p ~ c e  ot  t l ~ c  24 
h u u r  lllcdns troll1 or l r  I / %  d c y r e c  l d t i  Llr(lc I)y 1/2 d ~ ! ! ~ r c c  lo r lg i  t i l t lc  dt.t1d t o  
d r l u l l ~ c r .  



- -- 
PR1:SSURE CI.OUD TOP RAIJIA'PIVE CONVERGENCE (+) / DIVERGENCE 

(mb) D I S T K  [BUTION (%) (watts  pcsr square meter per  layr.r,  Ap) 
S H o Q J W i l i  l.O_N_rw:w&v_E_ 

Mean Std .  Mean Std .  Mean S t d .  
D e v .  D c v .  DPV.  

1 n o  ---- ----- C -."-- r ----- U --,,, a 
.0 

200 ---- .o 2 0 7 ----- a 
.O * - 5 . 8  ----- a ---..- .O t 

-,--- a 

300 
.2 ---- 04 5.4 ----- a ----- ----- .2 Q -15.0 ---,- 02 ----- 8 

400 
08 ---- 1.0 10.9 ----- * ----- .3 * -23.2 ----- a ---,, -6 * ----- a 

500 
1.3 ---- 1.4 * 11.6 ----- v ----- 3 a -24.7 ----- a ----, .9 t ----- 
2 .4  ---- 1.8 * 11.4 

600 ----- a ----- .4 -27.6 ----- a ----, 
1.3 3 ----- a 

700 
4.5 ---- 2.9 * 10.2 ----- a ----- .6 * -79.4 ----- a ----- 1.3 t ----- a 
716 3.7 * 9.3 07 -34.6 - - - - ----- a ----- ----- a ----, 1.2 * 

119, 
----- a 

900 ---- 4.3 a 8.3 ----- a ,,-,- 
1.0 -31.8 ----- * ----, 

2.6 ----- * 
23.2 5.1 7.0 ----- a -,--- 

1.7 -18.9 ----- a ..---, 2.5 a 

U @ ~ R  ti;; ----- * 
13.3 

1012 -f -- -4 .2 a -4.0 ----- a -,--- ----- a ----, 
0 1  ---.- * 

a a u 

TOTAL 
llean S L d .  

Uev. ----- 
.o ----- 
01 ----- 
. 3  ----- 
.e 

TOTAL TROPOSPHERE 

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t o p  pressure  d i s t r i b  
t i o n  f o r  t h e  e n t i r e  LATE B-scd le  a r ray  f o r  September 1,  1974 ( J u l i a n  
244) .  Standdrd d e v i a t i o n s  twpresent  t h e  v a r i a b i l i t y  i n  space of the  
hour  means trol l l  one I// degree l a t i t u d e  by 112 degree long' i tude area 
another .  

--------___I___ _ 1 - -  - --- 
L'RESSURE C1.01111 TOP RADIATIVE CONVERGBNCE (+) / IILVEKGENCE ( ) 

(ml)) D I S T R I B U T I O N  ( X )  (wdtts  per satlare meter ner l a v e r .  An) 

Mean Std .  
SHORTWAV_R 

Mean S t d .  
I,ONCWAGE TOTAI. 

Mean S t d .  S t d .  
Dcv. 

100 ---- 
200 

15.7 --"- 
20.2 

300 ---- 
14.5 . ---- 

Loo 10.5 
500 ---- 

7.9 
600 _--- 

7.4 
700 ---- 

6.5 
ROO ---- 

7.1 
900 ---- 

6.9 

l 2 1 R  
---- 

lo 12 
3.3 ---- 

TOTAL TROPOSPHERE 

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t o p  p ressu re  d i s t r i b u -  
t i o n  f o r  t h e  e n t i r e  GATE B-sca le  a r ray  f u r  September 2,  1974 ( J u l i a n  Da 
245). Standard d e v i a t i o n s  r e p r r s e ~ ~ t  t h e  v d r i a b i l i t y  i n  space o t  t t ie  24 
tiour means f rom one 1 /2  degree l a t i t u d e  by 112 degree l o n g i t u d e  area t o  
d l tu ther .  i 
- .- . 

PKKSSIIRE CI.OlII1 ' ~ O P  RADIATIVE CONVERGENCE (+) / DIVERGENCE ( ) 
inlh) ' DlS'I'RIBll'r'lON (%) ( w a t t s  per square meter per l a y e r ,  Ap) 

SHORTTJAVE I.ONCWAVE I "I'l>!~ 
Mean S t d .  ~ e a n - - -  Std .  Mean S t d .  M *an S t d  

- 

I l r v .  Llev. Uav. 1 ) e v .  
100 

200 

300 

400 

500 

600 

700 

ROO 

900 

a a 
a a 

TOTAL THOPOSPHEHE a 64.7 7.0 -195.3 6 . 8  

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t o p  pressure  d i s t r i b u -  
t i o r i  t o r  t he  e n t i r e  (;ATE 6 - sca le  a r m y  f u r  Sept.entl)er 3 ,  1974 ( J u l i d n  [Jay 
%4t,). Stdnd, i rd ~ l e v i a t i o n s  rep resen t  the  v a r i d b i l i t y  i n  spdce o f  t h ~  24 
;lour Inearls tru111 one 1 / %  degree l a t i t ~ r d c  by 1 / %  drqret:  ' longitullc: drc ' l  t o  
arlot.111.t.. 



_ _ _ __ ..__ __ .. 
Ykl.:;SliKE 

(r(11,) 

Mc:;ln 

1 6 0  --.I.. 
19885 

200 --..- 

-9Y- 
. . _ _ _ _ I _ _ _ I . _ _ _ . _ _ _ _ _ _ _ _ _ _ . . _  --- 

Cl.OIID TOP R A D l h T l V E  CONVERCENCE (+) 1 DIVERGENCE (-) 
D I S T R I B L ~ T I O N  (Z) ( r ~ a t t x  per squarib nrcter per l a y e r ,  Ap) 

SIIOKTWAVE ---. I . O N ( N A V E  .- - - .- 'COTAI. 
S t d .  Mean Std.  I l c ~ ~ n  S t d .  !$can 
D e v .  D e v .  Ltev.  - * ----- - * --..-, . w ---r- 

11.7 5.5 J.0 * -16.1 
---am -,--- ----- a ----, 9.6 * -10.6 

-,--- ----- 

. -. . 

PI< t!>SlIKE 
(ab) 

1 0 3  n 

1 
200 

Std.  
Dev. ----- 
6.5 ---"- ----- 
6 . 3  ----- 
4.9 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i  s t r i  bu- 
t i o n  f o r  t he  e n t i r e  GATE U-scale a r ray  f o r  September 4, 1974 ( J u l i a n  Day , 
247 1. Standard dev ia t i ons  represent  t he  v a r i a b i  1 i t y  i n  space o f  t he  24 
hour means froi l l  one 112 degree l a t i t u d e  by 1 / 2  degree l ong i t ude  area t o  
a n o t l ~ e r .  - - -- 
CI.0UD TOP RAUxATTVE CONVERGENCE (+) / DTVERGENCII (-) 
D I S T R I B U T I O N  (%) ( w a t t s  per square meter per l a y e r ,  Ap) 

SHORlWAVE 
p- 

1.ONGWAVE .- TOTAI. - 
Mean Std .  Mean S L ~ .  Mean Std.  Mean Std. 

D e v  . Dt?v .  D e v .  D e v .  
.-- ----- + ---..- me--- a ---..- - M ----- ----- 
Po7 15.5 7 19 6.3 -14.5 t3.4 -6.6 - a ----- 3.3 ----- 4 -..--- ----- a ----- ---_- 

I'KESSURE C1,OUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE 
( w a t t s  per square meter per  l a y e r ,  Ap) 

16 
300 -- 

10 
400 -5 
500 -- 

6 
600 -- 

6 -- 700 
8 -- 800 
7 -- 900 
6 

(mh) 
SHORTWAVE 

M e a n  S t d .  

? 10.1 2 9.5 3.2 * -20.4 ----- - ----- ----- * ---r- 
3.8 9 -1019 - a ----- 

3 3.3 * 9.5 - a -,--- 2.2 * -22.6 ----- * ----- 4.3 + -13.1 

5 ----- * ----- 
2.0 a 7.8 3.3 a -20.7 ----- a ----- ----- b -I--. 

6.2 a -12.9 - ----- o ----- 
2 2.7 6.9 3.7 * -20.2 ----- a ----- ----- * ----- 7.3 a -13.3 - ----- a ----.. 
6 3.5 a 5.7 3.8 -19.1 - ----- ----- ----- a ----- 7.5 a -13.3 ----- . ----- 
9 5.3 5.1 4.0 -19.8 - ----- * ----- ----- a ----, 

8.2 -14.8 ----- a ----- 
1 4.4 3.3 ----- ----- 3.0 a -15.1 - 6.1 -11.8 ----- a ----- . -,--- a ----- 
5 5.7 + 1.9 

8.3 * 11.2 4.7 0 -23.3 ----- a ----- 4.1 a 912.0 -__-_ ----- a ----- -,--- a ----- 3.0 
300 

4.6 7.4 5.4 * -16.9 
4 ' r  a - 2 4 e 3  -_--- a ----- ----- a ----- 2.5 

400 ----- . ----- I---- 

DSSTKIBOTlON ( % )  
ILNG_W$B 

Mean S t d .  

-r--- 4 ----- 3.7 -6.5 

&BR iG 2 * 2  a ----- ----- ----- * r---, 

11.5 . I  . I  * -3.9 1 -3.8 
1012 ---- ----- a ----- ----- a ----- ----- a ----- 

9 a 
a a 

TOTAL T  2OPOSPHEHE 0 55.2 16.1 * -166.4 29.9 * -111.2 

500 - 
600 

700 - 
800 

900 

&ten, 
i n 1 2  

TOTAL 

1112 v .  D e v .  "..--- - -  . -.Alr" . U 
3.5 1.2 -r.4 3.1 0 ----- . .  a ----r -,,-- a 
7.9 3.4 0 -17.6 3.1 ----- ----- ----- -,--- * 

10.8 1.5 -25.2 2.9 a ----- ----- a ----- -,--- * 
9.9 2.9 a -26.2 2.7 a 

4.6 • 5.4 5.0 -23.1 6.1 0 -17.7 ----- a ----- -,--- a ----- 3.4 .-- -r--- a ----- ----- 
11.1 4.6 * 5.0 6.6 -17.2 s*2 : : ----- * ----- 4.1 ---- ----- a ----- ----- ----- 

4.8 4.2 a 3.9 4.7 a -16.7 5.6 + -12.7 4.1 -- ----- a ----- ----- a ----- - -  a ----- ----- 
7.0 4.8 a 2.5 3.5 + -13.9 4.6 4 -11.4 ----- a ----- 3.3 ---- ----- a ----- ----- a ---I- --__- 
4.1 3.5 1.2 1.9 -10.1 2.3 4 -8.9 ----- 4 ----- -,--- a ----- 1.8 ---- ----- a ----- ----- 

~6 1.6 a as 19 * -6.9 1.4 0 -6.4 1.2 -;-- ----- a ----- ----- a ----- -,--- ----- I---- 

e3 2.0 .O 10 -4.0 . l  * -*.O . - -___ .1 ---- ----- a ----- ----- a ----- ----- a ----- 
a o a 
a a a 

THOPOSPHEHE 0 45.0 16.7 a -158.R 19.0 0 -113.8 10.9 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i  s t r i  bu- 
t i o n  f o r  t he  e n t i r e  GATE B-scale a r ray  f o r  September 5, 1974 ( J u l i a n  Day 
248). Standard dev ia t i ons  rep resen t  t he  v a r i a b i l i t y  i n  space o f  t he  24 
hour  means from one 112 degree l a t i t u d e  by 112 degree l o n g i t u d e  area t o  
another.  

500 ---- 
10.1 

600 .--- 
13.9 

700 ---- 
14.1 

ROO ---- 
16.8 

90  0 ---I 

0.2 --- uen.  L4 
i n 1 2  .__- 

TOTAL TROPOSPHERE 65.4 

TOTAL 
Elean  S t d .  

D e v .  ----- --I-- 

-3.8 ----- 7.3 ----- 
1.2 - Y * 6  -I--- ----- 

-14.4 2.2 ----- ----- 
-16.3 2.8 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  t he  e n t i r e  GATE 8-sca le  a r ray  f o r  September 6, 1974 ( J u l i a r l  Day 
249) .  Standard Oev la t ions rep resen t  t he  v a r i a b i l i t y  i n  spdce of the 24 
I lour means from one 112 degree l a t i t u d e  by 1 /2  degree l o n g i t u d e  area t o  
another.  



- -100- 1 
--.-- --- 

PRESSURE CLOUD TOP RADIATIVE CONVEKCENCE (+) / DIVERGENCE (-) 
(mb) D I S T R l R U T I O N  ( X )  (wntLs per square meter per layer ,  Ap) 

SHORTWAVE -- I . s W x E  .- TOTAL 
Mean S t d .  Mean S t d .  Mean S t d .  Me sn S t d .  

Dcv. Dev. Dev. Dev. 
100 --..- ----- .b -,--- ----- u ----- -,--- a ----- ----- 

.3 n9 * 2.8 0 1  * -6.0 .4 * -3.2 ----- * ----- -,--- C ----- .4 
200 ---- ----- a -,--- ----- 

1.2 1.8 a 5.6 .2 -15.6 e7 -10.0 .6 
300 ---- ----- a ----- ----- a ----- ----- fi ----- ----- 

3.0 3.0 * 11.2 . .3 * -24.6 1.7 -13.4 ----- . ---I- - a ----r - a ----r 
1.5 

400 ---- ----- 
6.8 5.6 12.2 a3 * -?A*? 3.2 -16.0 ----- a --r-r ----- * ----- ----- a ----- 3.0 

500 ---- ----- 
17.9 6.8 13.1 1.3 -38.8 4.6 * -25.7 ---- ----- e -me-- ----- a ----- -,--- a ----- 3.7 

600 ----- 
19.8 2 1207 1.7 * -33.6 3.3 -20.9 ---- ----- 0 ----- ----- a ----- ----- a ----- 3.4 

700 ----- 
15.3 3.5 9.2 1.8 a -?6.? 6.0 -17.0 ---- ----- a ----- ----- a ----- ----- a ----- 4.8 

R O O  ----- 
14.6 4.6 * 6.5 La1 * -18.7 5.5 * -1212 ---- ----- a -,..-- ----- a ----- - -  4b ----- 3.8 

900 ---- - 
13.6 7.3 * 2.0 * -9.6 1.7 * -5.6 1.1 

i,"!!, ---- I---- ----- 4 a 0  ----- a - ---- - -  a ----- ----- 
7.6 6.9 e l  .1 * -3.9 e l  -3.8 ----- a ----- .2 

1012 ---- ----- a ----- ----- a ----, ---_- 
a a * 
a u a 

TOTAL THOPOSPHERE * 77.4 4.1 * -205.1 6.3 * -127.8 5.1 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  t o r  t he  e n t i r e  LATE B-sca le  a r ray  f o r  Septenlber 7 ,  1974 ( J u l i a n  Day 
25U).  S tar~daro dev ia t i ons  represent  the v a r i a ~ i l i  t y  i n  space o t  the 24 
hour means from one 112 degree l a t i t u d e  by 112 degree l o n g i t u d e  area t o  
another.  

-- -. . .- 
P R E S S U R I  

(mb) 

600 

700 

R O O  

90 0 

C1,OUD TOP 
D I S T R I R U T I O N  (X) 

Mean Std. 
Oev. -"-- - - m # - -  

3.0 3.9 ---- ----- 
12.0 9.5 ---- --_em 

13.3 ---- 5.3 ----- 
18.6 ---- 5.6 ----- 
e l . ~  6.7 

RADIATIVE CONVERGENCE (+) / DIVERGENCE (.-)I . .  . 
(watts per square aeter per layer,  Ap) 

SHORTWA'! I.ONCWAVI( - - -. TOTAI. 
Meon :; td. Mean S t d .  

Dev. ----- Q -*--- 

.6 a -'(.I ----- ----- 
2.7 * -20.1 ----- . ----I 
1.1 4 -28.8 

----r a ----- 
2.3 a -32.7 ----- a ----- 
4.6 * -33.8 

S t d .  
I)I.v. ----. 

1 . J  ----- 
3.5 ----- 
2.3 ----- 
5.7 ----- 
5.1 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i  s t r i b u -  
t i o n  f o r  the e n t i r e  LATE B-sca le  a r ray  f o r  September 8, 1914 (Ju l ia11 Day 
251 1. Standard dev ia t i ons  rep resen t  t h e  v a r ~ a b i l i t y  i n  space o t  t he  24 
t ~ o u r  nieans from one 112 degree l a t i t u d e  by 112 degree l o n g i t u d e  area t o  
anuther.  

Dev. 1)f.v. 
100 ---- ----r d ,,,.." -"--- 

2.2 2.7 * 3.6 . Y 
200 ---- ----- a ----- ..---- 

13a2 6.3 * 9.2 2.4 ---- 300 ----- a ----- -_--- 
25 3 ---- 9.9 * 12.2 1.6 

'0° 22.8 
- -  . -,--- ----- 
6.7 * 

500 ---- 9.7 ----- a ----- 2.6 
----I 

15.2 5.3 * 7.8 3.6 
600 ---- r---- * ,,--- ----- 
700 

11.6 ---- ----- 5.2 
6*3 :: -"--- 3.7 ----- 

6.4 4.8 2.8 217 ---- R O O  ----- a ----- ----- 
2 a 4 ---- 2.0 * 

900 
1.1 1.2 ----- a ----- ----- 

m u  1.2 I 13 .5 
&@2.8R ---- ----- ----- ----- 

.2 
1012 ---- .4 . 0 r O  ----- a ----- ----- 

a 
a 

TOTAL TROPOSPHERE S1a9 1012 

-------- - -. 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  top pressure d i s t r i b u -  
t i o n  t o r  t he  e n t i r e  GATE El-scale a r ray  f o r  September 9, 1974 ( J u l i a n  Day 
252) .  Standard deviations rep resen t  t he  v a r i a b i l i t y  i n  space o f  t he  24 
hour means from one 112 degree l a t i t u d e  by 112 degree l o n g i t u d e  area t o  
n o t h e r .  

- -- .- -- 
?XI4 SS l lRE CI.OUD TOP RADIATIVE CONVERGENCE (I-) / DIVERGENCE ( - )  

(mb) * D I S T R I B U T I U N  (X) (watts per square meter per layer,  Ap) 
SHORTWAVE I.ONGWAVE - -.. -- - 

.. . - . - 

TOTAL 
~ e a n  -'--I Mean Std. Std. Mean S t d .  Elcan S t d  



-101- 
l~ l< l ' ! ;~ ; t l lC i  R A D I A T I V E  CONVERGENCE (+) / DIVERGENCE (-1 

( w a t t s  p e r  s q u a r e  meter  p e r  l a y e r ,  A p )  
SHOKTWAVII -- I .ON(;!.JAVE - - -. - Z?J!!! 

Std.  Mr;~tl S r d .  Men11 S t d .  Hail11 SL.?. 
Dev. D r v .  D e v .  Dev. 

.I lAL 
S t d .  

i n o  ---- ---.,- ,, ----- - ---..- . .  . ---I- 

a2 .S 2.8 e l  -5.9 .? * -3.1 
200 ---- ----- a ----- ----- -r--- - -  * ----- 

1.9 2.9 * 5.6 .7 * -15.8 1.1 * -10.1 
300 ---- ----- * ----- ----- * ----- -,--- * ----- 

4.5 4.0 11.0 .8 * -25.2 2.1 -14.2 
400 ---- ----- a ----- ----- a ----- ----- * ----- 

9.8 11.5 .5 a -29.7 3.8 a -18.2 
500 --.- ----- i -__-- ----- * ----- -,--- * ----- 

8.7 4.0 * 11.4 1.2 * -30.6 2.8 * -19.2 
600 ---- ----- a ----- ----- a ----- ----- * ----- 

10.1 3.5 * 9.9 1.4 U -28.2 . 2 . 5  * -18.3 
700 --..- ---- ----- ----- a ----- - -  a ----- 

8.4 2.8 8 .3  1.6 * -27.8 4.5 -19.4 
A00 ---- ----- * ----- ---3- * ----- - -  ----- 

10.4 4.4 * 7.5 1.8 * -24.0 4.8 * -16.6 
900 ---- ----- 0 ----- ----- a ----- -,--- b ----- 

13.5 6.4 5 * 3  : ----- 2 1  -14.7 --- - - ----- ---a,- ----- ----- 3.1 1 -8.3 

~ C E I I R  zz 15.6 * .4 .2 * -4.1 , l  * -3.6 

D e v .  ----- 
3.2 ----- 
1.7 ----- 
2.2 

10 1 L ---- 
TOTAL 

- 

----- * ----- ----- a ----- - -  a ----- 
a 0 0 
a c a 

TROPOSPHERE 74.9 5.8 * -206.0 7.0 * -131.1 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  the e n t i r e  GATE 8-sca le  a r ray  f o r  Septe~~rber 1 0 ,  1974 ( J u l i a n  Day 
253). Standdrd dev ia t i ons  rep resen t  t he  v a r i a b i l i t y  i n  space o f  the 24 
hour means f r u r ~  one, l /z degree l a t i t u d e  by 112 degree l ong i t ude  area t o  s 

another .  

-- 

'1 OTAL 
Mean S t d .  

D m .  --- - - ----- 
- 4 . 7  ----- 2. d ----- ----- 3.2 -11*1 *---- 

-17.8 ----- 2.6 ----- 
-17.2 ----- 2.9 ----- 
-15.9 3.3 

I'HESSURE 
(mb) 

100 

200 

300 

400 

500 

600 

700 

R O O  

90 0 

@fBR 
in12  

a 
TOTAL TROPOSPHERE 50.1 14.5 * -172.h 

PKI..S:;LIKE 
( ~ 1 ) )  

C1.01111 T O P  R A D I K r I V E  CONVERGENCE (+) / DIVERGENCE 

o r s ~ r n ~ a r ~ ' r ~ o ~  ( % )  ( w , ~ t t s  p e r  square eeter p e r  layer,  A111 
S H ~ I ~  rwAvI; - l . ~ ! P ~ l ~ b ~ , v l ;  

l e a n  S t d .  Mean S t c l .  t . i~ .~n  S tcl. 
DL?v. I ) rv.  nev. ---- r---- O - - w e -  --..-- * -.--- --*-- a 

12.7 11.6 * 7.4 4.7 * -12.1 5.9 * ---- ----- ----- ,---- ----- -,,-- a 
15.6 9.1 9.6 2.9 * -20.6 3.5 - - - - ----- ----- ----- a ----- -,--- a 
13.6 4.2 * 8.3 3.7 * -76.1 4.0 * _--- ----- a ----- ----- a ----- -,--- 0 

10.3 3.2 a 6.5 4.0 a -23.7 4.7 * ---" ----- * ----- ----- • ----- -,,-- a 
7.1 2.0 * 5.6 3.8 u -21.5 4.7 * 

1--- ----- * ----- ----- * ----- -,--- 0 

8.0 2.4 * 4. h 3.4 * -19.9 5.0 ---- ----- a ----- ----- Y ----- -,,-- a 
7.9 2.9 * 3.5 2.8 * -1'4.3 5.5  * ---- r---- a ----- ----- a ----- -,,-- C 

8.2 4.3 * 2.7 2.3 * -15.8 5.2 * ---- ----- * ----- ----- * ----- -em--  * 
6.6 5.2 I .Y 1.9 * -9.6 3.5 * ---- ----- Y ----- ----- a ----- -,,-- * 
9.9 11.2 .1  - 1  a -4.0 - 1  * ---- --I-- * r---- ----- a ----- r---- U 

0 a 

Average r a d i a t i v e  convergence p r o t i  1 es and c l oud  t op  pressure d i  s t r i b u -  
t i o n  t o r  t he  e n t i r e  GATF. B-sca le  a r ray  f o r  September 12, 1974 ( J u l i a n  Day 
L55). Standard dev ia t i ons  rep resen t  t he  v a r i a b i l i t y  i r r  space o f  t he  24 
hour nleans troln one 1/2 degree l a t i t u d e  by 112 degree l o n g i t u d e  area t o  
another.  

C I . ~ I I I )  'I'OP RAIIIATIVE CONVEII(:ENCE (+) / DIVEKGENCE (-) 
D I S ' ~ l c l a 1 l T L O N  (%) ( w a t t s  p e r  s q u a r e  meter p e r  l . ayer ,  A p )  

SHORTIJABE - - -- .- 1,OPICUAVE -- TI 
S t d .  Elean :;Ld. Eleau SLd. Mean 

1 G O  

200 

, U.V. IIk'V. l l c v .  
---+ --.. .." Y ----- ---..- U -r--- " a ----- 

( p . 9  f1 .3  * 2.9 .3 * "H.4 3.4 * -5.5 ---- ----- a ----- ----- Y ----- - -  a ----- 
5.8 * 5.9 1.1 * -17.2 2.3 * -11.3 

300 ----- 0 ----- ----- ----- - -  ----- 
4.0 * 10.9 .5 * -24.4 2.4 * -13.5 

400 ----- * ----- ----- a ----r -,--- 0 ----- 
4.1 * 11.4 .8 Y -26.1 3.1 * -14.7 

SO0 - a ----- ----- a ----- - -  a ----- 
2.6 * 11.0 1.1 * -27.0 3.1 * ,1519 

hOO 

700 - 
1 

-,.-- ----- * ----- -,--- * ----- - -  * ----- 
1.12 3.7 * Y .9 1.3 -E7r7 4.4 * -17.6 --- -..--- * ----- ----- . ----- -,--- a ----- 

.5 3.R * 8 . 8  1.5 * - t7.3 5.2 * -16.5 ----- ----- ----- a ---.- - -  a ----- 
3.5 * 7.7 1.8 * -21.7 5.0 * -14.0 ----- ----- ----- C ----- ----- a ----- 
4.4 * 6.4 2.1 :imp 2.8 * -6.2 ----- * ----- ----- - * ----- 

11.9 . 3  .2 * -4.0 e l  * -3.7 
10 12 

TOTAL 

---- ----- * ----- ----- * ----- - * ----- 
a 0 a * 0 

IROPOSPHERE * 75.2 6.2 * -196.4 14.0 * -121.2 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  t he  e n t i r e  GATE 0-sca le  a r ray  f o r  Septell~ber 11, 1974 ( J u l i a n  Day 
254).  Standard d e v i a t i o l ~ s  rep resen t  the v a r i a b i l i t y  i n  space o f  t he  24 
hour rlrearls from one 1 /2  degree l a t i t u d e  by 112 degree l o n g i t u d e  area t o  



I RI:SSLIKE ~ 1 . 0 t l D  TOP RADIATIVE CONVERCENCI*: (+) / DIVERGENCE (- 
(mb) D I S T R I R U T I O N  (%) (watts per square rncitcBr per l a y e r ,  Ap) 

SHORTWAVE . -- 1 lo%(: wnv! I TOE!L 
Medn S L d .  Mean Std.  EI<tan S t d .  M ~ I I  S t d .  

Dev. Dev. D e v .  Dev. 
100 ---- r--,- a 

11.0 12 .9  0 
200  ---- ----- a 

13.1 H.6 
300 ---- ----- • 

9.2 3.9 
400 ---- ----- a 

8.8 2 . 8  
500  ---- ----- a 

8 6 4  4.4 a 
6 0 0  ---- ----- a 

7 .  R 4.0 0 
7 0 0  ---- I---- a 

7 . 9  4 .1  a 
R O O  ---- ----- 0' 

9 r 8  5 . 3  0 
900  ---- ----- a 

7 . 7  3 . 5  * 
h ( 1 g 8 ~  ---- ----- a 

16 .3  12 .9  
1012  ---. r----  a 

0 

T O T A L  T R O P O S P H E R E  o 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  the e n t i r e  LATt B-scale a r ray  f o r  September 13, 1974 ( J u l i a n  Day 
250). Standard dev ia t i ons  rep resen t  t he  v d r i a b i l i t y  i n  space o t  t he  24 
hour means from one 112 degree l a t i t u d e  by 112 degree l o n g i t u d e  area t o  
another.  

----- -- 
PRBSSURF: CI.OUD TOP RADIATIVE CONVERGENCE (+) / D1.VERGENCE (- 

(mb) I I ISTRIBUTION (1) (w:~ t t s  pcmr square lnc!ter per l a y e r ,  Op) t 
SHORTWAVE I.ON(:WAVE . - . - . . . - 

Mean S t d .  Mean Std. Meri~l S t d .  Std .  

100 

7 0 0  

300 

400 

5 0 0  

6 0 0  

7 0 0  

ROO 

900  

a a 
T O T A L  T H O P O S P H E H E  5 6 . 3  13.1  -171 .2  

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i  s t r i  bu- 
t i o n  f o r  the e n t i r e  LATE 8-sca le  a r ray  f o r  September 14, 1974 ( J u l i a n  Day 
257).  Starlddrd aev ia t i ons  rep resen t  the v a r i a b i l i t y  i n  space o f  t he  24 
hour means from one 112 degree l a t i t u d e  by 1 /2  degree l o n g i t u d e  area t o  
another .  

PRESSURE (: l ,olm TOP 
(mb) + DTSTRIRUTION ( X )  

RADIATIVE CONVERCENCE (+) / DlVER(:EEJCE (-) 
(watts  per square nlcter per l a y e r ,  ~ p )  T 

SHOR'rWAVE T.tINGIJAVE 
Meah--- 

- 
S t d .  Mean S t d .  S t d  Mean S t d .  

Dev. 
---.o- a -..--- 

e h  2 .7  ----- a ----- 
2.9 a 5 . 4  ----- a ----- 
3.0 * 10 .8  ----- a ---a- 

3 .5  * 11 .7  ----- * ----- 
12 .0  

9 m 0  : ----- ----- 
6.3  a 11 .7  ----- ----- 
4.4 a 9.4 

D e v .  ----- ----- 
.O a -h*O ----- a ----- 
* l  a -15 .8  

-,--- a ----- 
.2 a 0P4.0 ----- * I---- 

03 * -26.7  - -  ----- 
.7 a -35.1  ----- * ----- 

1.7 -32 .1  ----- a ---.- 
. d  a -77.7  ----- ----- 

1.1 * -22.1  ----- a ----- 
1 .6  * -13 .6  ----- ----- 

.2 * -4 .0  ----- a ----- 
a 

Uev. ..---- 
.2 ----- 

1 . 3  ----- 
1 . 4  

T O T A L  T H O P O S P H E R E  

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  t o r  t he  e n t i r e  GATE 8-sca le  a r ray  f o r  September 15, 1974 ( J u l i a n  Da 
258). Standard dev ia t i ons  rep resen t  t he  v a r i a b i l i t y  i n  space ot t he  L4 

)ur  means f r o ~ n  one 112 degree l d t i t u d e  by 112 degree l o r l g i t ude  area t u  
,nother. 



. , - - . 
1.1, 1k:SSIIKE 

(in!)) 

Meal l  

-103- 
-- ~ .... ----. . 

RADIATIVE CONVER(:ENCF: (.t) / 1)IVERGENCl ( .-) 
( w . i t t s  per square m e t e r  p e r  l a y e r ,  Ap) 

SHORTWAVI.: - - .- I.ON(;WAVE " - - . . . -- .. - 'I'OTAI. -- --- . - 
Elra i l  S t d .  Me.81l S t d .  I.it?dn S L ~ .  

I)c!v. D o v .  D e v  . 
I---- ----- Y a,,-, -,.--a 4 ----- 
5.4 2.2 a -12.0 3.0 -b.b ----- v ----- - -  a ----- 3.2 ----- -..--- 
10.6 2.9 0 -23.4 3.3 -12.8 3.0 ----- ----- a ----- ----- a om---  ----- 
10.2 2.4 -26.9 3.8 * -16.7 3.1 ----- ----- a ----, - -  a r---- ----- 
7.7 2 . 6  -?he7 3.9  * -19.0 

*---- ----- a ----- ----- a r---- 
*. 0 

6.1 3.2 -23.3 5.3 -17.2 4.9 ----- ----- a ----, - -  a ----- ----- 
3.5 2 . 8  -16.0 4.3 0 -12.5 ----- ----- a ----, - a ----- 4.3 ----- 
I .7 1.c) -12.4 3.5 -10.6 ----- a ----- ----- a ----- 3.5 ----- ----- 
e9 1.4 a -9.7 1.7 -8.8 ----- a ----- ----- a ----- 1.7 ----- ----- 
.3 .7 0 -7.4 e Y  -7.2 1.2 ----- ----- a ----, ----- a ----- ----- 
• 0 a 0  -4.0 S O  -4.0 .1 ----- ----- a -r--- ----- a ----- ----- 

a * 
a a 

46.3 8.5 4 -1bl.R 8.9 * -115.4 10.9 

. ~ .  - 
CT.01'1) TOP 
UTS'I'RIBUTION (%) 

S L ~ .  
Dcv. 

TOTAL 

Average r a d i a t i v e  convergence p r o t i l e s  and c l oud  top pressure d i s t r i b u -  
t i o n  f o r  the e n t i r e  LATE U-scale ar ray  f o r  Septe~liber l b ,  1974 ( J u l i a n  Day 
259). Standdrd dev ia t i ons  represent  the v a r i a b i l i t y  i n  space o f  the 24  
hour Itleans t r o n ~  onc 1/L degree l a t i t u d e  by 1 /2  degree l o n g i t u d e  area t o  , 
another.  

4 
a 

TROPOSPHLRE a 

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t op  pressure d i s t r i b u -  
t i o n  f o r  t he  e n t i r e  LATt U-scale a r ray  f o r  Sep tc~ i~be r  17, 1974 ( J u l i a n  Day 
260). Standard dev ia t i o r l s  r ep resen t  t he  v a r i a b i l i t y  i n  space o f  t he  24 
hour means from one 112 degree l a t i t u d e  by 1 /2  degree l o n g i t u d e  area t o  
another .  

-- . .---- 
PHXSSUIII? 

(mb) 

M e a n  

1 0 0  --*.- 
200 --,-- 

15.2 
* 300 --,.- 
I 15.4 

-1 

: 14:9 
: 5 0 0  ---- 

13.1 
' 600 --.- 

12.6 
, 700 ---- 
+ . R O O  ---- 

900 . ---- 
i 8 8 ~  
1012 ---- 

T d T  A L  

-. ---- - ------ - --- 
I'KI SSLII<E RA1)IATIVE CONVERGENCE (f) / DIVERGENCE (-) 

(n,l,) I 1  l S'THI BU'PTON (%) ( w a t t s  per s q u a r < .  m e t e r  per l a y e r ,  Ap) 

-aw-- . - - - . .. - ----- - .- 
C1,OUII 701' RA1)IATIVE CONVERCKNCE (+) / UIVERGENCE (-) 
D I S T K I B U T I O N  (%) ( w a t t s  per square meter p e r  l a y e r ,  Ap) 

SHORTWAVE LONGWAVE .- TOTAL -- 
S t d .  Mean S r d .  M c n n  SLd. Mean S t d .  
D a v .  Dt?v. D e v .  D e v .  - a am--- - 6 ----- -,--- I ,  ----- -..--- 

Y16 11.7 3.9 1.3 -10.8 6.h -6.9 5.5 ----- a ----- ----r a -r--- - -  a ---..- ---I- 

9.4 * 9.7 3.3 a -20.0 3.6 -11.1 ----- a ----- ----- u ----, - -  a 
2.2 ----- 

8.5 * 11.7 1.8 -27.7 5.1 -16.0 - ----- a ----- ----- a ----- 0 -  a ----- 3.9 ----- 
7.9 * 8.7 3.4 * -28.1 6.2 a -19.4 ----- a ----- - a ----- 4.7 ----- a ----- ----- 
5.9 6.7 4.7 * -35.3 10.0 -18.7 

----r a ----- ----- a ----- -,--- a ----- 5.7 ----- 
9.2 a 5.4 5.2 -21.1 10.6 * -15.7 ----- a ----- ----- a ----- - -  a ----- 6.1 ----- 

9.2 8.5 a 3.5 4.2 -15.9 7.0 a -12.4 ----- a ----- -,--- a ----- 4 a 2 
r---- a ----- ----- 

5.2 4.8 * 1.7 2.5 * 2.9 -9.1 ----- a ----- - -  a :!2:! -,..-- a ----- 2.6 ----- 
2.4 3.0 * 17 1.3 0 -7.6 1.1 0 -6.9 

----r a ----- ----- u ----- -,--- a ----- 1 .h ----- 
2.9 . 0 .O  -4.0 .1 -4.0 .1 

I---q a ----- ----- a ----- - -  a ----- ----- 
a a a 

TROPOSPHERE 
a a a 

52.1 15.9 -172.2 21.8 -120.1 9.5 

ion 
200 

300 

400 

500 

600 

700 

PO0 

900 

iLok!llR 
1012 

T O T A L  ROPOSPHERE t 

SHOI<TUAVE -- 
Mcan S t d .  

LONCWAVE 
M e a n  S t d .  

TOTAL 
Plean S t d .  

D e v .  - -  * ----- 
1.6 a -3.7 
-,--- 4 ----- 

1.2 a -10.4 - a ----- 
1.6 a -13.7 
-,--- a ----- 

1.6 a -14.2 .,,--- a ----- 
1.9 -17.7 - -  a ----- 
2.8 a -19.6 - a ----- 
4.5 4 -22.6 
-,--- a ----- 

5.1 a -17.9 
-,--- v ----- 

2.9 * -4.6 - -  a ----- 
.1 * -3.5 - -  a ----- 

a 
a 

9.4 -12d.0 

D e v .  

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  top pressure a i s t r i b u -  
t i o n  f o r  the e n t i r e  LATE B-sca le  a r ray  f o r  September It;, 1974 ( J u l i a r l  Day 
1 . Stantlard deviations r e l ~ r e s e r l t  the  v d r i d b i l i  ty i n  space o t  the 24 
hour means froti1 one 1/2 degree l d t i  tude by 1/Z d r y r c e  l o n g i t u d e  area t o  
artother. 



3 . 6  DAILY 24 HOUR MEANS OVER THE NORTHERN SECTOR OF THE ATE B ARRAY ! 
The fol lowing 20 t a b l e s ,  on pages 104 t o  110, g ive  ve t i c a l  p r o f i l e s  

I I.. f 
of t h e  d a i l y  24 hour means of t h e  cloud top  d i s t r i b u t f o n ,  'bhortwave, long- 

wave and t o t a l  r a d i a t i v e  divergence. The domain is  t h e  nokthern s e c t o r  of 

t h e  GATE B a r r a y  dur ing  Phase I11 and t h e  v e r t i c a l  reso lu tkon  is  100 mb. 

Standard dev ia t ions  r ep re sen t  t h e  v a r i a b i l i t y  i n  space of khe 24 hour means 

from one 1 /2  degree l a t i t u d e  by 1 / 2  degree longi tude  a r e a  o another .  

;I t 
- .- - 

PRI:SSUHE CLOUD TOP RADIATIVE CONVERGENCE (+) / UIVEHGENCE ( -  $--- 
(nib) DISTRIBUTION (%) 

Mean S t d .  

(watts per s q l l n r c  m r t c r  p e r  layer, Ap) 
SHORTWAVE -- -- I._ONCWAVE TOTAI, 

Mean S t d .  Mean S ~ r l .  S t d .  
D e v .  -..--- 
4.5 

U e v .  
-,--- * 

9 . 1  a 
-,--- a 

2.9 * ----- a 
2.3 +I 
-,--- a 

6.J * 
-,--- a 

6.0 a 
-,--- a 

7.6 ----- a 
5.6 a - -  a 
3.4 
-,--- . 

1.5 a 
r---- a 

* O  0 
-,--- a 

a 
a 

15.4 

D e v .  --..-- 
-PJ .  4 
---I- 

-13.7 ----- 
-16.1 ----- 
-17.8 ----- 
-18.0 ----- 
-10.6 ----- 
-8.5 

r---- 

-7.5 ----- 
-6 .3  

r---- 

-4.0 ----- 
-10a.9 

U e v .  -"--- ,> ur..-,. 

r 2  -9.3 ----- a ----- 
-19.6 : : ----, 

.S -77.7 ----- a ----- 

.8 a -30.7 ----- a ----- 
1.8 a -32.4 ----- a ----- 
4.1 0 -21.9 ----- a ----- 
3 . 4  a -14.0 ----- a I---- 

2.9 * -10.7 ----- a ----- 
2.2 * -7.9 ----- a ----- 
.1 a -4.1 

----r a ----- 
a 
a 

8.4 * -178.2 TOTAL TROPOSPHERE 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  the Nor thern  sec to r  of t he  GATE 8-sca le  ar ray  f o r  August 
30, 1974 ( J u l i a n  Day 24L).  Standard t l ev i d t i ons  represent  the v a r i -  
a b i l i t y  i n  space o t  t he  24 hour means from orle 1 / L  degree l d t i t u d e  by 
1/2  degree l o n g i t u d e  area t o  another.  

-- - -- 
PRFSSURE CLOUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE 

( s ~ b )  - DISTRIBUTION ( X )  ( w a t t s  pcr s q u a r e  m e t e r  p e r  layer, Ap) 
SHORTWAVE LONGWAVE - -- 

Mcan S t d .  Mean S t d .  Mean S t d .  S t d .  
n e v .  ----- . [I ----- 

.1 ----- 

.& ----- 
1.7 ----- 
2.2 

q e v .  D e v .  n e v .  
" * ----- U ----- -,--- a 

0.0 a 2.7 .O -5.0 .O ----- a ----- ----- a ----- -,,-- a 
.1 5.3 - 1  -15.0 ----- a ----- r l  a ----- a ----r -,,-- a 
.9 10.7 .L1 -23.2 .S 

13.4 
in00 ---- 
GL EAR 44.6 
i n 1 2  ---- 

TOTAL THOPOSPHEHE 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t o p  pressure d i s t r i b u -  
t i o n  t o r  t he  Nor thern  s e c t o r  o t  t he  LATE 8-sca le  a r ray  f o r  August I 

31 1974 ( J u l i a n  Day 2 4 3 ) .  Star~dard dev ia t i ons  rep resen t  t he  v a r i -  I 

l i t y  i n  space o t  t he  24  hour means t r o r ~ ~  one 1/2 degree l a t i t u d e  by ~ 
L degree l o n g i t u d e  area t o  another.  



. . . -- -- - -- .- -. - .--.----- I-- I -7__ -* .- - 
OI:! ShlJUg C .CtUD 'I'OP RADIATIVE CONVCRCENCB (+) / DIVI?RCENCE ( -) 
(dl) D l  S'rR l lr1l.r l ON (%) (watts p e r  srluart. n lc~r r r  p e r  l a y e r ,  A p j  

Mt..rtn I S t d .  
~ I ~ ! R - ' l ? J ? V ~  I&)NCW!Vl? .. TOTAL - -. . . . . . 

Elcan SLd. MC..III Sld. 11~~d11 ' i l l  

D e v .  Ilcv. 11l.v.  

1 0  0 

?no 

700 

400 

5 0 0  

600 

7 0 0  

ROO 

900 

l n o a  
C L E A R  
1012 

T O T A L  T DPOSPHEHE 1 
Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i  s t r i  bu- 
t i o n  f o r  the I d o r t h e r ~ ~  s e c t o r  o f  t he  LATE 0-sca le  ar ray  f o r  Septeolber 
1 ,  1974 ( J u l i a n  Day 244). Standdrd dev ia t i ons  rep resen t  t he  v d r i -  
a b i l i t y  i n  space o f  the 24 hour  means from one 1/2 degree l a t i t u d e  by ' 
1/2  deqree l o n q i t u d e  area t o  another.  - .------------.-- ----..... 

OLII) TOI' RADIATIVE CONVERCENCE (+) / DIVERGENCE !-) 
( w a t t s  D e r  s q u a r e  meter per l a y e r ,  Ap) - . .  

SHORTWAVE --. I.ONGWAVE --- TOTAL 
M e a  Std. M e a n  Std. M e a n  S t d .  M e a n  S c d .  

D e v .  ----- 
5.0 ----- 
5.3 ----- 
3 .  R ----- 
4 .4  ----- 
4.3 ----- 
3.7 ----- 
2 . 6  

D e v .  
" u .-,.-- 

2 .6  a r l ? . H  ----- a r---, 

1.5 * -22.2 ----- * ----, 
?.0 -24 .6  ----- * ----- 
1.8 * -;?2.R ----- a ----, 
2.0 * -24.2 ----- a ----- 
1.7 * -20.0 ----- * r---- 

1 * -16 .6  

D c v .  ----- * ----- 
3.0  - 5 . 3  

1 n 0 0  
CLEAR 
1n12 __-- -ti/ 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  top pressure d i s t r i b u -  
t i o n  f o r  t he  l i o r t he rn  sec to r  of the GATE U-sca le  a r ray  f o r  Septelllber 
2 ,  1974 ( J u l i d n  Uay 245). Standard dev ia t i o r l s  r ep resen t  t he  v a r i -  
a b i l i t y  i n  space o f  the 24 hour means fro111 orie 1 / 2  degree l a t i t u d e  by 
112 degree l o n g i t u d e  area t o  another.  

_ 
YKESSllKE CI.OUT) TOP RADIATIVE CONVI.:RCBNCE (+) / 1)IVERGENCE (-) 

( w a t t s  p e r  s q u a r e  m e t e r  p e r  l a y e r ,  Ap) 
SHORTWAVE - LONGWAVE TOTAI. -- 

M e a n  S t d .  M e a n  Std. M e a n  S L ~ .  
D e v .  D e v .  D e v .  D e v .  - 0 -,,-- ---A- U -..-ma " a ----- m e - - -  .I . 3.n .1 a -5.9 ----- U ----- . 1  * -2 .6  ----- 44 ----- .1 - -  * ----- ----- 

2 . 4  6 .3  .7  -15 .8  ----- * ----- .9 * -9.5 ----- * --..-- ----- 0 ----- .3 
.I---- 

5 . 4  * 12 .2  .? * -26.4 2.7 -14 .2  2.1 

I Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  the Nor thern  sec to r  o f  t he  LATE 0-sca le  ar ray  f o r  September 
3, 1914 ( J u l i a n  Oay 246). Standard dev ia t i ons  rep resen t  the v a r i -  
a b i l i t y  i n  space o f  t he  24 hour lrleans trom one 112 d ~ g r r e  l a t i t u d e  by 
I / L  degree l ong i t ude  area t o  another.  



I'HESSIJRE CLOIJD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 
(ml) )  DISTRiBUTION ( X )  (watts  per square meter per l a y e r ,  Ap) 

SHORTWAVit LONGWAVE -- I TOTAL 
Mean S t d .  Mean S t d .  Menn S t d .  Mc n S t d .  

Dev. Dev. Dev. Dev . 

TOTAL TROPOSPHERE 

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t op  pressure d i  s t r i  bu- 
t i o n  f o r  t he  Nor thern  sec to r  o t  the GATE 8-sca le  ar ray  t o r  September 
4, 1974 (Ju l ia11 Day 2 4 7 ) .  S tar~dard dev ia t i ons  r e l ~ r e s e n t  t he  v d r i -  
a b i l i t y  i n  spdce o t  the 24 hour fllfdrls t1.0111 one 1/2 degree l a t i t u d e  tly 
1 / 2  degree l o n y i t u d e  dred t o  d r~o i i l e r .  

- _ __ -- .- 

CLOIJD TOP RADIATIVE CONVEKGENCE (t) / DIVERGENCE (-) 
DISTRTRUTI0t.I (%) (watts per square meter ner l a v e r .  Anl 

. -- 
PRESSURE 

(mh) , , .. 
SHORTWAVI; U)NC\~lAVl! TOTAL 

Mei~n S t d .  Elran S L d .  )Lean S l t l .  
D e v .  Dev. Dev. ---- ----- a ----- ---I- " -I--- 

24.0 14.9 11.0 . * -17.8 . a 

Sed.  
Dev. 

a a 
9 a 

TOTAL TRQPOSPHEHE 34.2 7.9 0 -150.5 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i  s t r i  bu- 
t i o n  t o r  the Nor t i le rn  sec to r  o t  t i le  LATE U-scale ar ray  f o r  Septelllber 
5 ,  1974 ( J u l i a n  Day 248). Standard dev ia t i ons  rep resen t  the v a r i -  
a b i l i t y  i n  space o t  the  24 hour  rrleans I r a n  one 1/2 degree l a t i t u d e  by 
1 /2  degree l o n g i t u d e  drea t o  another.  

. - - - - -- - 
PRESSURE 

(nib) 
CT.OUD TOP 
OTSTKIBUTION (%) 

RADIATIVE CONVERGENCE (-1.) / 1)IVERGENCII (-) I 
( w a t t s  per square lnrtcr per l a y e r ,  A p )  

SHORTNAVE - -- I,ONCWAV& l ~ f l A I L  
Mean S t d .  Mean S t d .  Mcn S t d .  

D1.v. --"-- . 0 ----- 
.4 ----- 
.6 

Mean S t d .  
Dev. ----- 

.1  

Dev. 
Y --..-- ----- 4 ----- 
a 2 .H . O  * - 5 . ~  
a ----- ----- a ----- 
a 5.5 .2 -15.4 
a ----- ----- a ----- 

10.8 .2 a -23.5 

600 

700 

R O O  

900 

- a ----- 
1 . 2  a -14.0 - -  a ----- 
1.1 a -19.1 - a ----- 
2.0 i t  -21.8 - a ----- 
2.4 * -24.7 
-,--- a ----- 

2.5 -19.2 
-,--- a ----- 

1.8 a - -  a --,-- 
.1  a - -  a ----- 

a 
a 

2.5 -132.9 

Averdge r a d i a t i v e  convergence p r o f i l e s  and c l oud  t o p  pressure d i s t r i b u -  
t .  n f o r  t h e  Nor thern  sec to r  o f  t he  G A I L  0-sca le  a r r a y  f o r  September 

974 ( J u l  i an  Day 249).  Standard d e v i a t i o n s  rep resen t  t h e  v a r i -  
~ i l i t y  i n  spdce o f  t he  24 hour nlcans from one 1 /2  degree l a t i t u d e  by 

1/2 degree l o n y i t u d e  ared t o  dr iother.  

TOTPL TROPOSPHERE 

-5.3 

-3 .5  





S t d .  
Dev. 

- - a s - -  

. I  
---*- 

.1 ----- 
1.1 ----- 

PRESSURE CLOUD TOP RADIATIVE C0NVI:KGFNCE (+) / DIVERCENCE (-1 
(mh) DZSrRIBUTION (%) (watts per square meter per l a y e r ,  dp)  

SIIORrWAVL -- I L N L W l i  
Mean S t d .  Mean Sr d .  M e a n  S t d .  1 

DPV. Dcv. Dcv. 
100 - - - - ----- a -....-- r---- Q --.."." - a 

.O r O  0 2 . t )  .l * -5.8 ----- Y ----- . ( I  a - 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  top pressure d i s t r i b u -  
t i o n  f o r  the Nor thern  sec to r  o f  t he  LATE U-scale ar ray  f o r  September 
10 1974 ( J u l i d n  Day 253). Standard dev ia t i ons  rep resen t  the v a r i -  
a b i l i t y  i n  space o t  the 24 hour  means troln one 112 degree l a t i t u d e  by 
112 degree l ong i t ude  area t o  another.  

TOTAL 
Nean 

--..-- 
.1 

PRESSURE C1.OUD TOP RAIIIATIVE CONVERGENCE (+) / DIVERGENCE 
(mb) D I S T K I B U T I O N  ( X )  (wat ts  per square meter pc!r l a y e r ,  Ap) 

Mean S t d .  

7 0 0  ---- ----- a ----- -,--- c -- 
. 3  .4 * 5.4 2 -15.2 .2 - 

300 ---- ----- a ----- --I-- a ----- - -  a a- 

3.3 2.3 * 10.8 . 3  * -74.6 1.2 -1 
400  ---- ----- a ----- -,--- 0 ----- -,--- 0 -- 

9.7 7.6 a 11.8 .4 0 -30.3 4.8 - 1  
500  ---- ----- 0 me--- --em- * ----, -,--- a -- 

8.6 4.8 12.1 e 9  -31.3 3.4 :: -1  
600  ---- ----- 0 ----- ----- C ----, ----- -- 

10.4 4.3 * 10.7 .I * -29.3 2.3 - 1  
700 ---- --..-- a ----- ----- a ----, - -  a -- 

9.8 3 . 4  * 1.2 -29.2 4.7 * -2  

SHOHlVAVE 
--*- I.ONCLJAV& 

Mean S t d .  Flea11 S t d .  S t d .  

-- 
,a -- 
.R -- 
.5 -- 
.2 -- 
.S -- 
.2 

D e v .  

800  ---- ----- a ----- !loo --..-- * - ---- - a --I-- 

12.4 5.5 * 7.9 1.8 * -24.7 5.4 * -16.8 
900  ---- ----- a ----- ----- v ----- -,--- a --I-- 

16.0 5.9 6.5 2.1 * -14.1 3.0 * -7.6 
1000 ---- ----- a ----- ----- a ----- - * ----- 
CLEAN 29.4 14.4 0 .4 .2 a -4.0 . 1  * -2.6 
I 0 1 2  ---- ----- a ----- ----- * ----- -,--- a ----- 

a a 0 
0 0 * 

TOTAL TROPOSPHERE * 77.4 3.3 -208.5 4.9 -131.0 

Dev. -""-- 
.Z  ----- 
06 ----- 
.4 ----- 
r 4  ----- 
.6 

Dev. ----- . d 

D e v .  ---... . h 

TOTAL TROPOSPHERE 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  top pressure d i  s t r i  bu- 
t i o n  f o r  t he  Nor thern  sec to r  o t  t he  GATE 0-sca le  a r ray  f o r  September 
11 1474 ( J u l i a n  Day 254). Standdrd dev ia t i ons  rep resen t  t h e  v a r i -  
a b i l i t y  i n  space o f  t he  24 hour  means trom one 1/2 degree l d t i  tude by 
112 degree l o n g i t u d e  area t o  another.  

I 
PRESSURE 

(mb) 
CLOUD TOP 
D I S T K I A U T I O N  (%) 

RADIATIVE CONVEKGENCE (+) / DIVERGENCE ( -) 
(wat ts  p e r  square meter per l a y e r ,  Ap) 

SIIORTWAVE -- 1,ONGWAVE 
p- I TOTAL -- 

Mean Std. Mean S t d .  M e n ~  
D r v .  nrv. -..--- --r-- P ----- -,--- * -- -, 

6. 1 4.5 a -9.7 5.1 - - 6  

Mean S t d .  
nev . ---- ----- 

8.2 10.5 ---- I---- 

9.7 ---- 5.1 ----- 
10.2 2.7 

S t d .  
D P V .  
--..-- . H 

6 0 0  

700 

ROO 

9 0 0  

1000  
CLEAR 
1012  

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t o p  pressure d i s t r i b u -  
t i o n  f o r  the Nor thern  sec to r  o f  t he  GATE B-scale a r ray  f o r  September 
12 1974 ( J u l i a n  Ddy 255). Standard dev id t i ons  represent  t he  v a r i -  
d b i l i t y  i n  space o f  t h e  24 hour  medns from one 112 degree l a t i t u d e  by 
lL degree l o n g i t u d e  area t o  another .  



PRKSSURE KADIATIVE CONVERCENCE (+) / DIVERGENCE ( - )  
(nib) (watts p e r  s q u a r e  rne1t.r p e r  l a y c , r ,  Ap) 

Mca 1 I S t d .  
SIIOR'IWAVE --- . f.ONCWAVE TOTAI, 

Mean S t d .  Medn Std. M an S t  1 
D u v .  

r---- a 
3.4 * 

.-- 
I'KI.!.SIIRE R A D I A T I V E  CONVERGENCE (+) / DIVERGENCE (-) 

( w a t t s  per  s q u a r e  m e t e r  pe r  l a y e r ,  A p )  
SHORTWAVE, LONGWAVE TOTAL 

Mean S t d .  P l e a n  S t d .  N e a n  S t d .  

Average 
t i o n  
13, 
a b l '  
1 / L  

1 D e v .  

r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
f o r  the Nor thern  sec to r  o f  t he  GATE B-sca le  a r ray  f o r  September 

1974 ( J u l i d ~ ~  Day 2 5 6 ) .  Standard dev ia t i ons  rep resen t  t he  v a r l -  
i t y  i a  spdce o t  t hc  24 hour means f rw l l  one 112 degree l a t i t u d e  by 
degree l o i ~ g i t u d e  dred t o  m o t h e r .  

D e v .  
-,--- P 

1.8 * ----- a 
2.7 * ----- 0 

2.1 ; ----- 
2.9 * 

r---- * 
3.2 * 

----.I * 
3 .5  ----- a 
2.8 
-,--- a 

1.8 * 
-,--- . 

1.0 a ----- * 
. O  a ----- * 

a 
0 

11.7 

D e v .  -_....- Y 

4.5 - a 
3.6 * -,--- a 
3.0 

r---- I) 

5 .4  * 
-,--- 

6 .6  
I,--- 

6 .9  * 
-,,-- * 

5.0 
-,,-- * 

2.7 * 
-,,-- * 

1.1 : --..-- 
.I * 

-,--- 0 
0 
a 

18.0 

nev. ..---- 
3 .  S ----- 
2 . 6  ----- 
3 . 3  ----- 
3 . 4  ----- 
4 .6  ----- 
5.5 ----- 
4.2 ----- 
2.4 ----- 
1.4 ----- 

.1 ----- 
13.4 

6 . j  4.5 * ---- ----. 0 

5.0 4.7 * ---- --r-- * 
2.4 2.7 * 

---., ----- a 
1.5 4.1 :: ---- I---- 

. , 
(w'ttts p e r  s q u a r e  metc.r per l a y e r ,  Ap) 

SHORTWAVE -- LONGWAVE TOTAL 
M o a n  S t d .  Mean S t d .  M e a n  S t d .  

TOTAL 

I 

I 

1 D e v .  Dov. D e v .  D e v .  

* * 
TRCPOSPHEHE * 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t o p  pressure d i  s t r i  bu- 
t i o n  f o r  t he  Nor thern  s e c t o r  o f  t h e  GATE B-scale a r ray  f o r  September 
14, 1974 ( J u l i a n  Day 257). Stdndard dev id t io r ls  r ep resen t  t he  v a r i -  
a b i l i t y  i n  space o f  the 24 hour iileans t r o ~ n  one 1 /2  degree l a t i t u d e  by 
1/2 degree l o n g i t u d e  area t o  another.  

ROO 

900 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t o p  pressure d i s t r i b u -  
t i o n  t o r  t he  No r the rn  s e c t o r  o f  t he  GATE B-scale a r ray  f o r  Septeolber 
15, 1974 ( J u l i a n  Day 258). Stanaard dev ia t i ons  rep resen t  t h e  v a r i -  
a b i l i t y  i n  space o t  the 24  hour  llleans from o r~e  1/2 degree l a t i t u d e  by 
112 degree lo r lg i  tude drea t o  another.  







-- - - -- --- -- .. -- 
PRESSURE CI.OUD TOP RADIATTVI! CONVE:R(:J<NCE (+) / 

(mb)  D I S T R I B U T I O N  (2)  ( w a t t s  p e r  s q u a r e  m e t e r  p e r  lager, Ap)  
SHORTWAVE LONGWAVI: TOTAL 

M e a n  S t d .  M e a n  S t d .  M e a n  S c c l .  S t d .  
D e v .  D c v .  D e v .  

T O T A L  T R O P O S P H E R E  

Average r a d i a t i v e  convergence p r o f  i 1 es and c l o u d  t op  pressure d i  s t r i  bu- 
t i o n  f o r  t he  Cen t ra l  sec to r  o f  t he  GATE n -sca le  a r ray  f o r  September 
1, 1974 ( J u l i a n  Day 244). Standard aev ia t i o r i s  represert t  the  v a r i -  
a b i l i t y  i n  space o t  t h r  r 4  hour means t r o n ~  one 1/L degree l a t i t u d e  by 
112 degree l o n g i t u d e  area t o  another.  
- - ---- 

PRESSIIRE CLOllD TOP RADIATIVE CONVI.RGENCE (+) / DIVERGENCE (-) 
(mb)  D I S T R I B U T I O N  (I) ( w a t t s  p e r  s q u a r e  m e t c r  p e r  l a y e r ,  Ap)  

\ - SHOR'IVAVE -- 1 . 0 N G w A l  TOTAL 
M e a n  S t d .  M e a n  S t d .  M e a n  S t d .  M e a n  S t d .  

- 

100 ---.a 
D e v .  ----" . -,,-- D c v .  D e v .  

" 0 --,,- 
D r v .  ----- It ----- 

16.4 * . h  ----- 
200 ---- 6.7 ----- . --,-- 1.8 a -13.P ----- * ----, 2.6 0 -7.1 ----- * ----- 3. 2 

19.1 ----- 
300 ---. 5.9 * 10.4 ----- * -,,-, 2.0 * -22.1 ----- 4 --,-, 2.7 * -11.7 ----- * -,,,, 2.6 

11.4 
.---- 

400 ---- 5.9 * 8.7 ----- . ----- 1.6 * -23.8 ----- * ----I 
4.2 * -15.1 ----- * --,-- ' 

4.8 
8 . 8  5 . 3  * ----- 

500 ---- ----- e ----- 1.8 * -?I.? 
6 - 3  ----- * ----- 4.5 4 -1j.O ----- 4 ----- 5.3 

6.6 3.0 * ----- 
600 ---- 5.4 ----- * -,--- 

2.0 * -20.3 ----- * ----, 3.4 * -14.9 ----- --.,- 3 .3  
6.6 2.9 * ---- - 

700 ---- 4.2 ----- a ----- 1.8 0 -18.9 ----- 0 ----, 3.3 * -19.7 ----- 0 --..-- 2.8 
6.7 2.9 * ----- 

80n ---- ----- a ----, 2.4 
3.3 ----- . --,-- 1.7 * -18.6 

9.3 4.1 * ----- 
930 0 ---- ----- * ----, 2.3 2.4 ----- * ----- 1.5 -15.8 

10.4 5.3 • 
----- 

1000 ---- 1.6 ----- * ----r 
1.4 * -8.3 ----- a ----, 1.2 

,CliEACI 4.3 3.9 * ---- - 
1012 ---- . 0 ----- * ----- .O 0 -3.9 ----- * ----- * I  -3.8 ----- * --..,- .1 ----- * * . 

T O T A L  T R O P O S P H E R E  
* 4 

* 49.1 7.3 4 -146.8 7.0 * - U { e 7  9.7 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  t h e  Cer i t ra l  s e c t o r  o f  the GATE U-scale a r ray  f o r  September 
2, 1974 ( J u l  i a n  Day 245). Standard dev ia t i ons  rep resen t  t he  v a r i -  
a b i l i t y  i n  space o f  the 24 hour means troll1 one 1/2 degree l a t i t u d e  by 
112 degree l ong i t ude  area t o  another.  I I 

PRESSURE CLOUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (- 
(nib) * DISTRIBl lTLON ( 2 )  ( w a t t s  per  s q u a r e  m e t e r  p e r  l a y e r ,  Ap) 

SHORTWAVE -- .- TZN-GWAVK 
M e a n  S t d .  M e a n  S t d .  M c n n  S t d .  

nc.v. D e v .  D e v  . 
I n o  ---- " "  * ----- ----- * ----- ----- 

a 6 1.H * 3.0 a1 0 -6.2 1.0 
200 - - - - ----- 9 ----- ----- * ----- ---..- 

.a 1.1 * 6.1 . 3  -15.6 .2 
300 ---- ----- * ----r --r-- ----- ----- 

4.8 4.1 12.1 .6 * -25.6 1.1 
4 0 0  ---- ----- * ----- ----- . ----- ----- 

27.4 9.6 13.6 e 7  * -42.5 ----- ----- r---- * ----- 5 . 6  
500 ---- ----- 

24.0 3.6 6 14.5 2.0 (1 -39.7 ----- * ----- 3.3 
600 ---- r---- * ----- ----- 

16.3 3.5 * 8.8 3.7 * -34.6 2.4 
700 ---- ----- a ----- ----- 0 ----- ----- 

12.1 3.8 * 3.6 2.3 * -17.6 ----- * ---I- 

2.7 
B.0 0 .. -" - ----- ---..- ----- 

6.9 3.6 1.0 a 8  * -11.5 2.2 
900 ---- ---..- . ----- - - e m -  . ----- ----- 

4.9 4.2 .4 .5 -He6 . Y 
1000 ---- 
C L E A R  2.2 
i n 1 2  ---- 

* 
T O T A L  T R O P O S P H E H E  * 63.1 

Average r a d i a t i v e  convcrgencc p r o t  i l c s  and c l oud  t op  pressure d i  s t r l  bu- 
~ I U I I  l o r  t t ~  L c r ~ t r d l  sec to r  o t  t t ~ ~  bATt U-scale a r ray  t o r  S e p t e ~ ~ ~ b e r  
3 ,  1914 I a l u l i a n  Udy 24b). Starlddrd d c v ~ a t ~ o n s  represer l t  the  v a r i -  
i b i l i t y  I~ I  sydce o t  t he  24 hour tileans t r a n  one 112 degree l a t i t u d e  by ' 
112 degree l o n q i t u d e  area t o  another.  I 



1'HP.SSURE CLOUD TOP 
(mh) DISTRIBUTION (Z) 

RADIATIVE CONVERGENCE (+) / DTVERCENCE 
(watts per square meter per layer, Ap) 

TOTAL 
Ilean Std. 

Dev . --.....- 
b.9 

-em-- 

2.4 ----- 
3.7 

SHORTWAVE --- 1.ONCWAVE -. -- 
Mean Std. Mean Std. Stli. 

Dev. ----- 
14.5 ----- 
6.6 ----- 
2.7 ----- 
1.9 

Dev. -..--- 
3.4 ----- 
2.3 ----- 
2.6 ----- 
3.1 ----- 
3.1 ----- 
3.0 ----- 
3.5 ----- 
2.4 ----- 
1.6 

Dev. ----- 
8.1 ----- 
3.0 ----- 
4.0 

----3 

4.1 ----- 
5.0 

----3 

5.1 ----- 
6.2 ----- 
4.6 ----- 
2.9 

C L E A R  
In12 

SPHERE 

Average rad ia t ive  convergence p r o f i l e s  and cloud top pressure d i s t r ibu-  
t ion  f o r  the Central sec to r  of the GATE 8-scale  array f o r  September 
4, 1974 (Jul  ian Day 247). Standard deviat ions represent  the vari-  
a b i l i t y  i n  space of the 24 hour means  fro^^^ one 1/2 degree l d t i  tude by ' 
1 / 2  A--ree 1 ong' area t o  another. 

I 

PRESSIIKE .OUD TOP 
(mb) '---TBUTION (L) 

----- - 
RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 

(watts per square meter per layer, Ap) 
SHORIWAVE - 1.ONCWz'iVE TOrI'~'il. - 

Mean Std. Mean Std. Mean Std. 
Dev. Dev. Dev. ----- - -  o ----, ..,..-- a ----- ---_- 

9.6 6 8  -1h.R ----- 9.4 0 -7.2 ----- ----- -,--- 0 ----- 3.7 ----- 
12.5 4.3 -24.3 ----- ----- 0 ----- 2.8 4*1 : : ---_- ----- 
6.2 4.6 * -23.4 ----- ----- * ----, 6.3 -17.2 ----- 0 ----- 3.1 ----- 
3.5 3.8 * -20.9 

-I--- ----r 0 ----, 6.1 * -17.4 ----- a ----- 4.1 ----- 
2.8 3.6 0 -19.5 

I---- ----- 0 ----- 6.5 * -16.7 ----- I ----- 4.6 ----- 
1.7 

*---- 
2.5 a -14.1 ----- 0 ----- 4.6 -12.4 ----- ----- 3.8 ----- 

.7 1.1 0 -12.0 ----- ----- I ----, 
3.3 * -11.3 ----- 0 ----- 3.0 ----- 

.2 ----- .3 0 -9.3 ----- 0 ----, 1.9 0 -9.1 ----- a ----- 1.8 ----- . 0 .1 -6.5 ----- ----- 0 ----, 1.5 -6.5 -,--- ----- 1.5 ----- . 0 ----- .O -4.0 ----- 0 ----, .1  * -4.0 ----- 0 ----- r l  
I---- 

0 * 
0 * 

37.1 9.3 0 -150.7 17.4 0 -113.6 12.0 

Std. 
Dev. ---..- 
16.7 

Average rad ia t ive  convergence p r o f i l e s  and cloud top pressure di s t r i  bu- 
t ion  f o r  the Central sec to r  of the GATE I?-scale array f o r  September 
5 ,  1974 ( J u l i a n  Day 2 4 ~ ) .  Staridard deviat ions represent  the vari-  
a b i l i t y  i n  space of the 24 hour means trom one 1/2 degree l a t i t u d e  by 
112 degree longitude area to  another. 

RADIATIVE CONVERGENCE (+) / DIVERGENCE 
(watts per square meter per layer, Ay) 

SHORTWAVE - I,ONJi\JAYF-. 
can S Mean S L ~ .  

Dev. Dcv. ----. ----- -,--- * 
lo3 0 -6.9 1.6 0 ----- ----- ----- -,--- 0 

7.2 2 1  -16.8 ----- 1.6 ----- ----- -,,-- 
10.9 1.2 * -25.1 2.4 ----- ----- * ----- -,--3 0 
10.5 2.0 * -27.1 2.6 0 ----- ----- * ----- -,,-- U 

10.2 2.9 * -31.4 1.6 0 

TOTAL -- 
&an Std. S t '  

Dev. ----- 
.5 ----- 
.6 ----- 

1.9 ----- 
3.1 

-I--- 

2.1 

900 

l o o n  
C l  EAR 
1612 

I 

Average rad ia t ive  convergence p r o f i l e s  and cloud top pressure di s t r ibu-  
t ion  f o r  the Central s e c t o r  of the GATE 0-scale  array f o r  September 
6 ,  1974 ( J u l i a n  Day 249). Standdra deviat ions represent  the vari-  
a b i l i t y  i n  space ot  the 24 hour means from one 1/2 degree l b t i  tude by 
1/2 degree longitude area t o  another. 



-- -- 
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.. ---.- 
PRRSSIIKE CI.OUD TOI' RADIATIVE CONVERGENCE (+) / DIVERGENCE ( . - )  

(mh) DISTRIBUTION (X) ( w a t t s  p e r  s q u a r e  m e t e r  p e r  l a v e r .  AD) t . . . .  
SHORTWAVE --. LONGWAVE 

Mean S t d .  tleau S t d .  S t d .  Mean S t d .  
Dev. ----- 0 

D e v .  
---a- a ----, 

a1 * -6.1 ----- a ---*, 
.3  -15.5 ----- ---I, 

.4 * -24.5 ----- a ---,, 
- 3  n -28.9 ----- . ----- 

1.4 * -39.5 

D e v .  ----- . S ----- . b ----- 
1.2 ----- 
2.7 ----- 
4.2 ----- 
6. 0 ----- 
5.1 ----- 
6.1 

D e v .  
-,--- Y - ---- 

.S a -3.2 - a ---I- .'( * -Ye9 
om--- * .I--- 

1.3 * 1.1312 ----- a ---I- 

2.9 * -16.5 - -  a ---.- 
5.4 * -26.3 - a ---.- 
3.4 -21.1 
-,--- a ---..- 

6.0 a -16.4 
-,--- a ---a- 

5.7 * -11 
-,--- a ---#.- 

1.7 a -Spa  
-,--- ---..- 

.1 a -3,: ----- a ---,. * 
a 

6.4 * -128,3 

- - -  
ZOO 

300 

400 

500 

600 

700 

800 

900 
, Y  

TOTAL 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  the Cen t ra l  sec to r  o f  t he  GATE B-sca le  a r ray  f o r  September 
7, 1574 ( J u l i a n  Day 250). Stdndard dev ia t i ons  rep resen t  t he  v a r f -  
a b i l i t y  i n  space o f  t he  24 hour  lneans fro111 one 1/2 degree l a t i t u d e  by 
1  /2 degree l o n g i t u d e  area t o  ano t t~e r .  

PRESSllKE CLOUD TOP RA1)IATIVE CONVERGENCE (+) / DIVERGENCE (-)I . .  . 
(mh) DISTRIBUTION (X) ( w a t t s  p e r  s q u a r e  m e t e r  p e r  l a y e r ,  Ap) 

SHORTWAVE -- LONGWAVE 
Mean S t d .  Mean S t d .  Mean S t d .  S t d .  

D e v .  D e v .  ----- a ----- 
. 3  a -7.n ----- " ----, 

2.3 * -20.1 ----- a ----- 
.6 0 -29.1 ----- * ----- 

1 * -34.3 ----- a ----- 
4.4 * -36.1 ----- * ----- 
4.0 * -19.6 ----- a ----- 
3.4 * -12.3 ----- * ----- 
2.0 a -9.4 ----- * ---*- 
1.3 a -8.5 ----- a ----r 

.o -4.1 ----- * ----- 
0 * 

10.3 * -180.5 

D e v .  
---*- 

1.5 
----* 

3.4 ----- 
2.3 ----- 
6.1 ---- - 
4.5 ----- 
4.7 

D e v .  
-,--- 0 --,,- 

1.6 * ----- * ----- 
3.9 * -12.9 ----- a ----- 
2.5 * -17.2 ----- a --,-- 
5.6 0 -22.4 ----- ----- 
6.2 0 -22.4 

600 

500 

600 

700 

BOO 

900 

-3.9 

l o n o  
CLEAH 
i n 1 2  

a 
TOTAL TROPOSPHERE 61.5 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t o p  pressure d i  s t r i  bu- 
t i o n  f o r  t he  Cen t ra l  sec to r  o f  t he  GATE B-sca le  a r ray  f o r  September 
8, 1974 ( J u l i a n  Day 251 1. Standard dev ia t i ons  rep resen t  t he  v a r i -  
ab i  1  i t y  i n  space o f  the 24 hour  means from one 1/2 degree l a t i t u d e  by 
1/2 degree l o n g i t u d e  area t o  another.  

-- 
PRESSURE CLOUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 

(mb) D I S T R I B U T I O N  (%) ( w a t t s  p e r  s q u a r e  m e t e r  p e r  l a v e r .  AD) 
SHORTWAVE -- 

Mean S t d .  Mean S t d .  

. . 
I.ONGNAVE .-A . 

Mean S t d .  
D c v .  

I---- 1-1-- 

-6 .8 . I  

S L ~ .  
D e v .  
- - - -*  

D e v .  ----- 
1 .H ---..- 
5.7 ----- 
9.2 ----- 
5.4 ----- 
5.3 

D e v .  ..---- . S ----- 
2.4 ----- 
1.0 ----- 
2.3 

1 D O  

ZOO 

300 

400 

500 

600 

700 

800 

900 

i n 0 0  
CLEAR 
i n 1 2  

a 
TOTAL TROPOSPHERE * 48.0 

Average r a d i a t i v e  convergence p r o f  i 1 es and c l oud  t op  pressure d i  s t r i  bu- 
t i o n  f o r  t he  Cen t ra l  sec to r  o f  U le  GATE B-scale a r ray  f o r  September 
9, 1974 ( J u l i a n  Day 252). Standard dev ia t i ons  rep resen t  t he  v a r i -  

3 i l i t y  i n  space o f  the 24 hour  means iron1 one 1/2 degree l a t i t u d e  by 
/2  a t y r e e  l o n g i t u d e  area t o  another.  
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RAllI;\l : ? ' I  <I~t~?' l  Ad.,'!<C L (A.:I / IJIYC.K~EI.CE 

(b.11 t s  pdr s 1t l~ i re  n2rrcr p ~ r  l a y e r ,  Lp) 
Sl!~'RTn'hl'€ l.[>Xk:K.\VE - -  

Mean SL.;. ?le.z:: S t , ! .  
Drv. Uev. 

a r---- ----- a ----- -,,-- 4 
4l 2.7 .O 4 -5.4 .O 
4 r -rr- ----- a ----- -,,-- a 
4 5.4 e l  4 -15.3 e4 4 
4 ----- ---r- . ----I -,,-- . 

10.7 .1 -24.6 .B • . ----- ----- 4 ----- -,,-- . 
11.6 .2 • -30.1 4.0 . ----- ----- . ----- -,,-- 4 

11.6 . d  * -30.4 2.8 
4 ..---- ----- . ----- -,,-- . 

1 0 . i  .7 4 -28.1 1.4 
a r---- ----- a ----- -,,-- . . 8.6 .b -28.2 2.5 • 
4 ----- ----- . ----- -,,-- 4 
0 7.8 .6 -?5.0 3.0 
4 ----- ----- a ----- -,,-- . 
4 7.3 ,Y -16.4 ----- . I---- 

2.1 * . ----- -,,-- 4 
a -6 0 1  * -4.1 .1 
a ----- ----- . -..--- -,,-- 4 
4 . . 

TC1T.A:. 
? can > .  . 

G;. . ----- ----- 
- 3 . 1  . fl 

l r n n  
CLEAR 
l r l r  

Q 4 . 
TOTAL TROPOSPAEAE 76.2 1.4 -2118.3 2.3 -131.9 2.4 

bverage r a d l  a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i  s t r i b u -  
el011 t o r  the Cen t ra l  sec to r  o f  t he  LATE B-sca le  a r ray  f o r  September 
IJ 1574 ( ~ u l i d n  Day ~ 5 3 ) .  Standard dev ia t i ons  rep resen t  fhe v a r i -  
a o i l i  t y  i n  space or the L4 nour flrans troln one 1/2 aegree I a n  tuae by * 
112 oesree l o n g ~ t u J e  area t o  another.  

PklSSURE CLOdD TOP RADIATII'E CONVERGENCE (+) / DIVERGENCE (-) 
(~15) DISTRIBUTION ( f )  (watts  per square meter per l a y e r ,  Ap) 

SHORTL'AE'E !,OKGh'A\'E TOTAL 
lean S t d .  ~ e a n  S t d .  ?lean S t d .  Mean S t d .  

Dev . D2v. Dev. Dev . 
100 ----- a -..--- -..--- a ----, ----- * ----- ----- 

h.5 0 2.9 a4 * - 8 . 7  ----- a me-- -  
3.4 * -5.4 

200 ----- 4 ----- ----- . r---- 
3.1 ----- 

5.6 a 5.8 1 -17.7 ----- . --I-- ----- 2.2 * -11.8 , ?no I---_ ----- . ----- 1 1 8  ----- 
4.2 a 11.0 - 6  -24.6 ----- 4 ----- . - - - m r  

2.5 * -13.6 
400 -,--- • ----- 2.4 ----- 

7 .  4.5 11.4 8 -26.0 3.7 -14.6 3.4 

TOTAL TROPOSPHERE 

Average r a a i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d l  s t r i b u -  
t i o n  f o r  the Cent ra l  sec to r  o f  the GATE 0-sca le  a r ray  f o r  Septenlber 
1  I 1974 [ J u l i a n  uay L 5 4 ) .  Standard deviations rep resen t  t he  v a n -  
a b i l i t y  i r ~  space o t  the 24 hour lnealis fro111 one 1/L degree l a t i t u d e  by 
1/2 degree long1 tude area t o  another.  

- - 
i'KESSliRE CLOLID TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 

(nb) nISTRIRUTION ( X )  ( w a t t s  pcr square mrtcr per l a y e r ,  Ap) 

n S t d .  
SHOKI K.AL L !.!i:+V& TOTAL 

Fledn Std. >:@.in S t d .  Mean S t d .  
Dev. ----- 
5.2 ----- 
2 . 8  ----- 
4.2 

m e - - -  

3.9 ----- 
3.6 ----- 
3.0 ----- 
2.6 ----- 
1 .Y ----- 
1.5 ----- 

.1 ----- 

Dev. - -  . -..,-- 
5.1 * -4.1 ----- 4 ----- 
3.2 a -11.2 

-,--- . r---- 

3 . 8  -19.4 ----- . ----- 
3.6 a -18.0 

-,--- a ----- 
3.4 -16.0 

-,--- a ----- 
3.4 a -15.2 
-,--- . ----- 

4.1 + -14.9 - -  a ----- 
3.5 a -11.7 ----- 4 ----- 
2.1 4 -6.7 ----- . ----- 

.1 a -3.9 
-,--- ----- . . 

13.3 -121.0 

Drv.  ----- 
1 . 3  ----- 
3 .4  ----- 
l .S ----- 
2.2 ----- 
2.9 ----- 
3.3 ----- 
4.2 ----- 
3.0 

TOTAL I H O P O S P I ~ L H ~  

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i  s t r i  bu- 
t i o n  f o r  the Cent ra l  sec to r  o f  the LATE H-sca le  ar ray  f o r  September 
l ?  1474 ( . l u l l a n  D2y 2 5 5 ) .  Stdnddrd dev ia t i ons  rep resen t  the v a r i -  
a l r i l i t y  111 space o f  the 24  hour nleans frola olie 112 degree l a t i t u d e  by 
1  /L degree 1o11q i tudc 1 r e 3  t:: dl?c;rher.. 
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PRESSURE CI.OUD TOP RADIATLVE CONVERGENCE (+) / DTVERGENCE ( - )  

(mb) DTSTRIRUTION ( X )  ( w a t t s  pe r  squa re  meter  p e r  l a y e r ,  Ap) 
SHORTWAVII T.ONCWAVE TOTAL 

Mean S td .  Mean S t d .  Mean Std .  hie n S td .  
Dev. Dev. Dcv. 

100 ---- ----- * ----- ..---- & --.-- " * .. :I --- ----- 
1 h.R 15.1 9 5.2 3.4 * -13.7 7.4 * C.5 4.5 

- - 
800 ---- ----- 

9.4 4.3 
900 ---- ----- 

6 a 2, 3.4 

4L"PXR 
---- ----- 

7.9 tl.9 
1012 --*- ----- 

TOTAL TRQPOSPHERE 

Average rad ia t ive  convergence p r o f i l e s  and cloud top pressure di s t r i  bu?, 
t ion  f o r  the Central sec to r  of the GATL B-scale array f o r  September 
13, 1974 ( J u l i a n  Day 256). Standard deviations represent  the vari-  
a b i l i t y  in  space of the 24 hour rneans fro01 one 1 / L  degree l a t l t u d e  by 
112 degree longitude drea t o  another. 

-- -- - - 

RADIATIVE CONVERGENCE (+) / DIVERGENCE 
(wa t t s  pe r  squa re  meter  pe r  l a y e r ,  Ap) 

PRESSURE CLOUD TOP 
(mb) DISTRIBUTION ( X )  

SHORTWAVE -.-- 1,ONGWAVE -- 
Mean Std .  Mean S td .  Mean S td .  S td .  

Dev. 
100 ---- ----- * ----- 

16.9 11.7 * 4.2 
700 ---- ----- 4 ----- 

20.8 8.9 9.4 
3.0 0 ---- - -  4 ,---r 

14.0 ---- 4.6 4 11.3 
4,O 0 ----- a ----- 

15.0 ---- ----- 9.4 
510 0 * : ----- 

12.1 3.9 * R O E  

Dev. ----- & ----, 
1.2 * -14.1 ----- ----- 
2.5 * mZ3.0 ----- & ----. 
1.3 -?be8 ----- 4 ----- 
2.7 * -25.3 ----- 4 ----- 
3.3 0 -22.2 

Dev. 
-,--- * 

6 . 5  * ----- 4 
3.7 * ----- & 
3.3 : ----- 
5.6 ----- I) 

7.1 

Dev. ----- 
5 . 8  

, - 
2.0 2.9 * ~4 e 6  * -7.6 1.9 * 

in00 ---- ----- u ----- ----- ----- ----- * 
CLEAR 3.7 5.7 * . 0 ----- & ----- .O * -4.0 
11-112 ---- ----- . ----- 

0 (I * 
a * . 

TOTAL TROPOSPHERE 51.5 9.3 4 -159.5 

Average rad ia t ive  convergence p r o f i l e s  and cloud top pressure d i s t r ibu-  
t i o n  f o r  the Central sec to r  of the GATE B-scale array f o r  September 
14, 1974 ( J u l i a n  Day 257).  Standard deviat ions represent  the va r i -  
a b i l i t y  i n  space of the 24 hour means from one 1/2 degree l a t i t u d e  by 
112 degree longitude area to  another. I 

I 

PRESSURE CLOUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (- 
(mb) * DISTRIBUTION ( X )  (wa t t s  pe r  squa re  meter  p e r  l a y e r ,  Ap) 

SBORTWAVE I.ONCWAVE 
Mean Std .  Mean S td .  S td .  

Dev. Dev. 

1 Oh0 ---- ----- . -..--- ----- U ----- 
.5 .7 * 2.7 .O * -6.0 

700 ---- ----- a ----- ----- Q ----- 
2.4 3.3 : 5.4 .1 -16.0 

300 ---- ----- ----- ----- * ----- 
3.1 3.7 * 10.8 a1 * -24.4 

400 ---- - . ----- ----- u ----- 
4.8 3.6 * 11.8 .2 4 -26.7 

500 ---- ----- ----- ----- * ----- 
12.7 6.9 12.3 -5 * -34.2 

6 010 ---- ----- 4 ----- ----- & ----- 
17.4 5.2 * 11.9 1.3 -33.6 

700 ---- - 4 ,,--- ----- ----- 
13.8 4.1 9.5 .9 * -27.9 

800 ---- ----- ----- I---- * ----- 
12.7 3.7 7.9 1.1 * -21.3 

9 0'0 ---- ----- * ----- ----- a --r-- 

19.5 7.1 6 3 1.3 4 -11.9 ---- ----- & ----- ----- 4 ----- 
13.1 .3 e l  * -3.9 

in12  __-- ----- 6*1 : __--- em--- +I ----. 
i t 

a * 
TOTAL TROPOSPHERE 79.1 2.1 * -206.0 

Dev. 
- - - * -  

. 3  --..-- 
1.4 

I---- 

1.7 ----- 
1.h ----- 
5.4 

Dev. ----- U 
03 * 

-,--- 0 
1.4 ----- * 
1.7 * ----- . 
1.6 * 
-,--- * 

5.7 * 

Average rad ia t ive  convergence p r o f i l e s  and cloud top pressure di s t r i  bu- 
t i o n  f o r  the Central sec to r  of the GATE B-scale array f o r  September 
15,  1974 ( J u l i a n  Day 258). Standard deviat ions represent  the vdr i -  

~ l i t y  i n  space of the 24 hour means from one 1/2 degree l a t i t u d e  by 
, 2  degree longitude area t o  another. 

----- 
-3.3 
--,-- 
-10.6 ----- 
-13.6 
----r 

-14.9 
--,-- 
-21.9 



--- _1 -117- - - 
PRI.:SSURE ( O U D  T O P  R A D I A T I V E  CONVEKCENCE (t) / I I iVEl IGENCE ( -1  

(mb) ( w a t t s  per square meLec per l a y e r ,  Ap) 
SHOR'IWAVE 

Mean S t d .  
TO'rAL -- 

Moan S t r l .  
Dev. Dev. 

2.9 
-I--- 

3.3 ----- 
3 r 9  ----- 
4.1 ----- 
4.9 ----- 
3.4 ----- 
2.1 ----- 

.9 ----- 

.7 ----- 
* 0 ----- \ 

Dev. 

i n n n  
CLEAR 
1n12  

TOTAL TRO OSPHERE P 
top pressure di s t r i  bu- 

array fo r  Septe~r~ber 
represent  the va r i -  

i ty In space of the 24 hour nieans trm one 1/2 degree l a t i t u d e  by 
degrre longitude area to  another. 

I 

PRICSSURE C OUD T O P  K i W I n T I V E  CONVERGENCE (+) / DIVERGENCE (-) 
(mb) D STRIBUTION (4) (wa t t s  per square meter per l a y e r ,  Ap)  

SNOR'fl4AVE 1,ONGWAVE TOTAL 
S t d .  Mean S t d .  Mean S t d .  Mean S t d .  
Uev. Dev . D e v .  D r v .  - -  a -,--- ----- a ---..- - e ----- ----- 
I .  a 4.2 1.4 -10.7 5.7 a -6.5 4.5 

200 
18.1 

300 ---. 
17.1 

400 ---.. 
15.6 

500  ---- 
12.6 

600  ---- 
10.9 

700 - - - - 
6.7 

e o n  - - - - 
4.1 

9nn  - - - - 
1.9 

l n n o  ---- 
CLEAR 
i n 1 2  

2 * 4  - - - - 
'OSPHEHE 

Averiqge rad ia t ive  converyence p rof i l e s  and cloud top pressure d i s t r ibu-  
t ion  , f o r  the Central sec to r  of the GATE U-scale array f o r  September 
17, 11974 ( Ju l  ian Day 260) .  Standard deviat ions represent  the va r i -  
abil1,ty i n  space of the 14 hour means from one 1/2 degree l a t l t u d r  by 
1/2 Wgree longitude area to  another. 

P R E S S U R E  
(mb) 

Mean 

I no - - - - 
1 e 1 

200  - - - - 
1 .A 

300 ---- 
2 . 8  

400  ---- 
3.2 

500  ---- 
5 19 

6 0 0  ---- 
9.8 

700 - - - - 
12.6 

ROO ---- 
25 0' 

900  ---- 
20.7 l o o n  ---- 

CLEAR 17.1 
1 n 1 2  --- 

-- 
CdOUD T O P  RADIATLVE CONVERGENLE (+) / DIVERGENCE (-) 
D I S T R I B O T I O N  ( X )  ( w d ~ t s  per square meter per l a y e r ,  bp) 

SHOKTYAVE LflNCWAVE - TOT3 
S t d .  Mean S t d .  Medl1 S L ~ .  Mean S t d .  
Qev. Dev. Dcv. DPV. 
--..-- +J ----- I,ru- a ----.. . a ----- ----- 

2.8 e l  u - 6 . 3  1 5  - 3 . 6  1 . B  
' --- 3 * 1  - - ; ----- --r-- a ----- - -  a ----- ----- 

2.7 * 5.5 - 4  * -15.7 1.0 - 10 .3  .B ----- a ----- ----- U ----- - -  a ----- ----- 
2.1 t 10.8 .4 * -24.0 1.1 -13.2 1.0 

----a ----- ..---- * ----- - a ..---- .---- 
1.9 * 11.6 . 3  a -25.5 1.2 * -13.9 1.0 ----- a ----- ----- a ----- - -  a ----- ----- 
3.9 11.4 .4 a -?9.5 2.0 a -18.0 - -  a ----- 2.1 ----- 4 ----- ----- a ----- ----- 
3.5 10.4 .4 -70.9 2.2 -20.5 2.1 ----- a ----r ----- Y ----- - a ----- ----- 
3.5 a 9.7 1.1 * -33.1 4.5 -23.3 __--_ 4.5 ----- a ----- ----- a ----- - -  a ----- 
7.9 10.2 2.1 i 17::: 4.6 - 1 8 * 5  4.6 - -  a --I-- ----- -,--- a ----- ----- 
5.0 * 7.3 1.9 * -11.6 2 . 4  * -4.3 2.5 ----- a ----- ----- 0 ----- - a ----- ----- 

14.2 6 .3 .1 a -3.8 .1 a -3.5 .1  ----- (I ----- ---..- a ----- - -  a ----- ----- 
II a a 

TOTAL 
a a * 

TRCPOSPHERE 80.0 4.2 -209.0 8.2 -129.0 
I 

Allerage rad ia t ive  convergence p r o f i l e s  and cloud top pressure di s t r i  bu- 
t ion  f o r  the Central sec to r  of the GATE B-scale array fo r  September 
18, 1974 ( J u l i a n  Day 261 ) .  Standard deviat ions represent  the vari-  
a b i l i t y  i n  space of the 1 4  hour means tronl one 1/2 degree l a t i t u d e  by 
112 deyree longitude area to  another. 



3 .8  DAILY 24 HOUR MEANS OVER THE SOUTHERN SECTOR OF THE ATE B ARRAY t 
The fol lowing 20 t a b l e s ,  on pages 118 t o  124, g ive  ve  t i c a l  p r o f i l e s  I 

of t h e  d a i l y  24 hour means of t h e  cloud top d i s t r i b u t i o n ,  hortwave, long- I 
wave and t o t a l  r a d i a t i v e  divergence. The domain i s  t h e  s o  the rn  s e c t o r  of P 
t h e  GATE B a r r a y  dur ing  Phase 111 and t h e  v e r t i c a l  r e s o l u t  on is  100 mb. I 
Standard dev ia t ions  r ep re sen t  t h e  v a r i a b i l i t y  i n  space of he  24  hour means 1 
from one 112 degree l a t i t u d e  by 112 degree longi tude  a r e a  

I 

PRESSURE CI.OUD T O P  R A D I A T I V E  CONVERGENCE (+) / DIVERGENCE (- 
(nib) D I S T R I B U T I O N  ( X )  ( w a ~ t s  per square meter ppr l ayer ,  Ap) 

SHORlWAVP LON(:WAVE -- 
Mean S t d .  Mean S t d .  Mean 

nev. Dev. 
100 ---- ----- U ----- -..--- U ----- 

2.2 2.5 * 3.2 .2 U -6 .8  ----- a ----- ----- a ----- 200 ---- 
9.7 7.6 6.6 .I -19.3 

300 ---- ----- a ----- ----- a ----- 
30.3 10.5 13.8 1.7 a -78.3 ----- a ----- ----- a ----- 400 ---- 
38.3 6.0 * 12.8 1.3 -38.8 

SO0 ---- ----- * ----- ----- a ----- 
17.1 8.0 * 9.6 4.4 a -Po.? 

600 ---- I---- a ----- ----- * ----- 
8.0 5.5 * 5.5 5.0 a -13.2 

700 ---- ----- * ----- ----- 9 ----- 
3.4 3.8 2.3 3.3 * -9.7 

A00 ---- ----- ----- ----- a ----- 
1.n 1.1 ++ 6 1.2 a -H.A 

PO0 ---- ----- a ----- ----. tt ----- 
0 1 13 * .I .2 * -8.9 ---- ----- a ----- ----- a ----- . 0 .O  * . 0 .O  a -4.7 ---- ----- a ----- ----- a ----- 

a a 
a a 

TOTAL TROPOSPHERE 54.4 10.6 -174.1 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  t he  Southern s e c t o r  o f  t he  GATE B-sca le  a r ray  f o r  August 
3U, 1974 ( J u l i a n  Day 242). Standard dev ia t i ons  rep resen t  t he  v a r i -  
a b i l i t y  i n  space o f  t he  24 hour  means trom one 112 degree l a t i t u d e  by 
112 degree l o n g i t u d e  area t o  another.  

I 
- -- -. - - - - . 

PKESSIJRE CI.OUD T O P  R A D I A T I V E  CONVERGENCE (t.) / DIVERGENCE (- 
(mb) D I S T R I B U T I O N  (2) (watts per  square meter per l a y e r ,  A p )  1 

Mean 

11.6 
800 ---- 

11.5 
900 ---- 

17.7 
100~0 ---- 
CLEAR 31 0 9  
1012 ---- 

S t d .  
Dev. ----- 

- 6  

SHORTWAVE  ear---- S t d .  

a 
TOTAL TROPOSPHERE * 74.7 

Uev. 

1.ONGWAVE TOTAL 
Mean S L d  

D e v .  ----- 
.2 ----- 

1.3 
-*--- 

1.3 ----- 
1.3 ----- 
2.2 ----- 
2.5 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  t he  south err^ s e c t o r  o f  the GATE 0-sca le  a r ray  t o r  August 
31, 1974 ( J u l  i a n  Day 243).  Standard dev ia t i ons  rep resen t  t h c  v a r i -  - I  

l i t y  i n  space o f  t he  24 hour  means from one 112 degree l a t i t u d e  by 
i degree l o n g i t u d e  area t o  another.  

'I 



-- 

PKESSliKE LOUD TOP 
(mb) ISTRIBUTION (%) 

- - 

RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 
( w a t t s  pe r  squa re  meter  per  l a y e r ,  Ap) 

SHORTWAVE J ~ N C G K ! ~ ~  T_OTE 
Me&---- S td .  Mean S t d .  Mean S l d  Std .  

Dev. 
a.---- 

.O --- --me-  

.2 --- -::I ----- 1.0 

Dev. Ilev. Dev. ----- We--- 0 ----- -,".-- a -..-r.. - *--.. 
2.7 . U  -5.8 .O 0 -3.1 .O ----- ----- U ----- - -  0 ----- ----- 
5.4 0 1  0 -14.9 - 1  * -9.5 -_-..- ----- a ----- -,--- a --,-- 

0 1  ----- 
10.7 a2 * -23.0 .5 * -12.3 .4 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i  s t r i  bu- 
t i o n  f o r  t he  Southern sec to r  o t  t he  GATE B-scale a r ray  f o r  September 
1 ,  1974 ( J u l r a n  Day 244). Standard dev ia t i ons  rep resen t  t he  v a r i -  
a b i l i t y  i n  space o f  the 94  hour  means from one 1/2 degree l a t i t u d e  by * 

112 degree l o n y l t u d e  area t o  another.  

C1,OlJD T01' 

Dev. 

-- -- 

RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 
( w a t t s  pe r  squa re  oieter par  l a y e r ,  Ap) 

SHORTWAVE LgNGJWAV_E TOTAL -- 
Mean S td .  Mean S td .  Me in 

Dev. Drv. 

..---- " * ----- -me-- a ----- 
6.4 1.6 * -13.9 3 .8  -1 .6  ----- --r-- 0 ----- - -  0 ----- 

11 .O 2.3 -23.6 2.7 -12.6 
- - - w e  ----- . - I - - -  ----- a ----- 

9.0 2.2 0 -27.3 7.2 -18.2 ----- ----r a ----- -,--- * ----- 
6.2 2.2 * -21.3 3.h a -15.1 __--- .,---- a ----- ----- a ----- 
4.8 2.4 -16.8 3.2 -11.9 ----- ----- 34 ----- ----- a ----- 
3.5 1 9  * -15.4 3.3 -11.8 ----- ----- * ----- ----- * ----- 
2.5 1.8 0 -15.1 4.2 -12.7 

*---- -,--- a -*--- - -  a ----- 
1.9 1.8 a -13.1 3.5 -11.2 -"--- - . ----r ----- * ----- 
1.4 1.7 - 8 . 2  1.1 * -6.8 - - - - - ----- 0 r---- -,--- a ----- 

.o .O -3.9 .1 * -3.9 ----- ----- a -,,-- ----- a ----- . * 

S t d  
I lcv.  

140 

? O U  

700 

400 

500 

600 

700 

R O O  

900 

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t o p  pressure d i s t r i b u -  
t i o n  f o r  t he  Southern sec to r  o t  t he  GATE B-sca le  a r ray  f o r  September 
2, 1974 [ J u l l a n  Day 2 4 5 ) .  Standard dev ia t i ons  rep resen t  t h e  v a r i -  
db111ty III SpdCe ot t h c  24  t ~ o u r  I I I ( ~ I I F  troll1 o r ~ c  I / /  i l ~ y r e c  l a t i t u d e  by 
1/L clegree l o n y l t u t l e  dred t o  d~ iu t l l e r .  

PRESSIIRE LOUD TOP 
(mb) ISTRIBUTION (%) 

WIATIVE CONVERGENCE (+) I DIVERGENCE (-) 
( w a t t s  pe r  squa re  meter  pe r  l a y e r ,  Ap) 

Mea S td .  
SHORTWAVE LONGWAVE - 

Mean S td .  Mean S td .  
TOTAL -- 

Mean S t d .  
Dev . 

C -,,-- ----- 
-4.9 

0 ,",,, 
2.7 ----- 

-9.7 
a ----- .7 ----- 
* -12.6 
a --,-- 

1 .5 .---- 
-25.9 

a ----- 5.3 ----- 
a -24.1 
a ----- 3.6 ----- 

-15.6 ----- 3.0 ----- 
a -13.5 
a -,,,- 2.6 ----- * -8.6 
a ----- 1.9 ----- 
a -6.6 
a ----- 1.2 ----- 
* ----- .1 
a -**O ----- 
1) 

a * -125.3 7.4 

Dev. 
100 ---- 

3.7 
700 ---- 

i verage r a d i a t i v e  convergence p r o f i l e s  and c l oud  t o p  pressure d i s t r i b u -  
i o n  f o r  the Southern sec to r  o f  t he  GATE B-sca le  a r ray  f o r  Septernber 
, 1974 ( J u l i a n  Day 246). Standard dev ia t i ons  rep resen t  t h e  v a r i -  
b i l i t y  i n  space o f  the 24 hour rltedns fro111 one 1/2 degree l a t i t u d e  by 

degree l o n g i t u d e  area t o  another.  

Dev. Dev. ----- 0 ----- ----- 84 ----, 
4.7 a 3.0 ----- * -,--- 

.1 Q -7.8 ----- Q ---,, 
1. 1.5 

*-- 
5.9 

r---- a -,,-- 
.3 -15.7 

300 ----- ----, 
3 a 2.5 11.8 .5 -L4.1 

LOO ---. 
Z 3 . 3  --- 500 
23.3 ---. 600 
17.) 

700 ---. 
15.3 

----- * ----- ----- ----, 
, 6.3 13.2 - ----- a ----- .6 a -39.1 ----- * ----- 

4.6 * 14.6 ----- a -,--- 
2.1 * -38.7 

-r--- a ----- 
2.8 * 10.2 2.5  -25.8 ----- a ----- ----- a --,-, 
3.8 5.6 2.8 -19.1 

R O O  --- ----- a ----- ----- * ----, 
8. 5.0 2.6 ----- a -,-,- 

2.2 a -11.2 
900 --- ----- a ----- 

3 .  2.6 * 1.0 1.1 * -7.7 
1000 --- - a ,,,-- ----- a ----- 
CLEAR 
1012 

1.1 .O ----- * -r--- 
.O a -4.0 --- II ----- a ----- * 0 

a (1 

TOTAL TR IPOSPHEHE * 67.8 6 e 2  * -193.1 



* 
TOTAL TROPOSPHERE * 41.6 7.9 * -135.1 1 0 9  -93.4 

-120- 
- -. 

PRESSURE CI.OUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 
(mb DTSTRIBUTION ( X )  (watts per square meter per layer, Ap) 

SHORTWAVE LONCNAVE 
Mean Std. Mean Std. Mean Std. Mean 

Dev. Dev. Dev. 
100 ---- ----- U ----- ----- a ----- - -  a ----- 

37.R 7.4 * 7.4 3.1 -76.0 4 * -18.6 
200 ---- ----- 4 ----- ----- a ----- - -  a ----- 

24.3 7.2 * 11.5 2*4 * -?2*4 _-___ 4.0 * * -10. --_-! 
q o o  ---,a 

----- a ----- ----- ----- 
12.7 2.8 * 8.5 2.3 * 118.9 2 .5  0 -10.3 - -  * ----- 400 ---- ----- * ----I 0 * ----- 
7.6 1.5 2.2 ; -14.6 2.6 * -9.5 5*1 ----- ---I- - -  * r---- 500 ---- ----- * ----- 
4.7 1.7 3.6 2.2 : -12.8 3.3 * -9.2 - -  * ----- 600 ---- ----- * ----- ----- ----- 
3.9 2.1 * 2 4 1.9 0 -1lr3 3.2 0 -8.9 

700 ---- ----- * ----- ----- * ----- - -  * ----- 
4.0 2.9 1.7 1.I * -11.2 3.3 * -9.6 

R O O  ---- ----- ----- ----- 0 ----- -,--- * r---- 

?*A 2.9 0 .9 1.2 * -9.0 1.9 -8.1 
900 - - - - ----- 0 ----- ----- * ----- - -  * ----- 

1.2 1.8 * .4 .7 * -5.0 .8 -4;6 
1000 ---- ----- a ----- ----- * ----- ----- 0 ----- 
CLEAR 19 1.7 * .O .O -3.9 .O * -3.9 
in12 _ _ _ _  ----- a ----- ----- ----- - ----- 

* * a 

Average r a d i a t i v e  conve rgence 'p ro f i l es  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  t he  Southern sec to r  o f  t h e  GATE 0-sca le  a r ray  f o r  September 
4, 1474 ( J u l i a n  Day 247). Standard dev ia t i ons  rep resen t  the v a r i -  
a b i l i t y  i n  space of the 24 hour  means f rom one 112 degrec l a t i t u d e  by 
l / Z  degree l o n g i t u d e  area t o  another.  

.- 

TOTAL 
Std. 
Dev. ---..- 
5 . 8  ----- 
3.8 ----- 
2 a 8 ----- 
2 14 ----- 
2.1 ----- 
1.8 ----- 
1 a 7  

--*-- 
1.1 ----- 
a9 ----- 
.1 .---- 

--- -. - 
PRESSllIlE CI.OUD TOP RADIATIVE CONVERGENCE (+) / DIVEKCENCE (-1 
(mb) DISTRIBUTION (x) (watts per square meter ner laver. AD) I --- , , ' .  

SHORTWAVE -- - LONCWAVE . -- TOTAL 
Std. Mean Std. Mean Std. 
Dev. Dev. Dev. a n  1- Dev. St,. 

Mean 

a U 
TOTAL TROPOSPHERE * 5 9 . 5  15.1 * -172.2 15.4 -112.8 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t o p  pressure d i  s t r i  bu- 
t i o n  f o r  t he  Southern s e c t o r  o t  the LATE 0-sca le  d r ray  f o r  September 
5, 1974 ( J u l i a n  Day 248). Standard dev ia t i ons  represer i t  the  v a r i -  
a b i l i t y  i n  space o f  t he  24 hour  rlieans from one 1/2 degree l a t i t u a e  by 
112 degree l o n g i t u d e  area t o  another.  

-- - - ---- - .. - - - 
PRESSURE CLOUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 

(mb) JISTRl BUTION ( X )  (watts ~ e r  suuare meter per laver. AD) . . .. 
SHORTWAVE ---- r.orrcwrli~ 

Mean Std. Mean Std. Mea Std. Mean Std. 
Dev. ----- a 
H.4 ----- 
7.4 0 ----- * 
5.8 * ----- 
4.1 ; ----- 

Dev. ----- 
1.5 

----o 

3.3 ----- 
2.2 ----- 
2.9 ----- 
3.2 ----- 
3.3 ----- 
3.0 ----- 
2.9 ----- 
1.5 ----- 
.O ----- 

Dev. ----- 
4.1 ----- 
3.1 ----- 
3.7 ----- 
3.3 ----- 
4.2 ----- 
6.4 ----- 
7.4 

- - m e -  

4.5 ----- 
17 ----- 
.1 ----- 

Drv. -..- - - 

- 
TOTAL TROPOSPHERE * 49.8 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  t he  Southern sec to r  o f  t he  GATE 0 -sca le  a r ray  f o r  September 
b, 1974 ( J u l i a n  Ddy 249). Standard dev ia t i ons  rep resen t  t he  v a r i -  
a b i l :  t y  i n  space o f  the 24 hour  means from one 1/2 degree l a t i t u d e  by 
11; gree long1 tude area t o  another.  



- --- --.-- ---- ----- 
FRL SSl lKE C OUD 'POP 

(1111)) D SPRLBBTlON (Z) I 
l 0 0 

ZOO 

300 

400 

sno 

&no 

700 

ROO 

900 

i n o o  
C L E A R  
1012 

S t d .  
D c v .  

-121- ---- -- .-- 
mor~r~vr. CONVCKCI:NCE (+) / DIVERGENCE (-) 

( w a t t s  p e r  s q u a r e  m e t e r  per l a y e r ,  A p )  
SHORTWAVF -- - T.oN!:WA-ys - TOTAL 

M e a n  S t d .  M e a n  S t d .  M e a n  S c d .  
D e v .  D e v .  D e v .  ----- --..-- U ----- -"--- a ----- I---" 

2.7 . O  * -5.9 .1 * -3.1 .1 
*---- ----- a ----, - -  ----- I---- 

5.5 .1 " -15.3 .4 * -9.8 
----r a ----- . 3  .,---- ----- a ----- ----- 

11.0 2.1 * -13.3 ----- - --,-, -24*3 --_-- a -____ 2.0 ----- 
12.1 . 3  a -27.9 3.5 * -15.9 -,--- a ----- 3.2 ----- ----- * ----- ----- 
12.7 .9 a -36.9 3.1 -24.2 2.8 

- 
YRLSSURE R A D I A T l V E  CONVERCI.:NCE (+) / DIVERGENCE (-) 

( w a t t s  p e r  s q u a r e  m e t e r  p e r  layer, Ap)  
SHORTWAVE LONGWAVE TOTAL -- 

S t d .  M e a n  S L ~ .  M e a n  Srd. M e a n  S t d .  

I 

D e v .  D e v .  D e v .  D e v .  
i --;:: ; ----- ..---.. e ---.... - a ----- ---..- 

2.8 .1 * -6.1 5 * -3.3 .4 

I 
Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i i t ' r i b u -  
t i o n l  f o r  the Southern sec to r  o f  t h e  GATE B-sca le  a r ray  f o r  September 
7 ,  1974 ( J u l i a n  Day 25U). Standard dev ia t i ons  rep resen t  t he  v a r i -  
ab l  l k  ty i n  space o f  the 24 hour means tram one 112 degree l a t l  tude by ' 
112 hegree l ong i t ude  area t o  another.  

I 

Ave age r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o r  1 t o r  t he  Southern sec to r  o t  the LATE B-sca le  a r ray  f o r  September 

~ v e r a ~ k  r a d i  a t 1  ve convergence p r o f  i 1 es and c l oud  t op  pressure d i  s t r i  bu- 
t i o n  f o r  t he  Souttiero sec to r  of  t he  LATE 5 -sca le  a r ray  f o r  September 
9, 1974 ( J u l i a n  Day 252). Standard dev ia t i ons  rep resen t  t he  v d r i -  
a b i  1 i t y  i n  space o f  t he  24 hour means from one 1 /2  degree l a t i t u d e  by 
1 /2  degree longitude area t o  another.  

8, 
a b i l i t y  
1/2 

PRESSURE 
(mb) 

M e a n  

100 
: - 700 

1914 ( J u l i a n  bay 151 ). Standard dev ia t i ons  rep resen t  the v a r i -  
i n  space o t  the 24  hour llieans f r a i l  one 112 degree l a t i t u d e  by 

degree long1 tude area t o  dnother.  

I 
CLOUD TOP RADIATIVE CONVERGENCE (+) I DIVERGENCE (-) 
DISTRI~UTION (%) ( w a t t s  p e r  s q u a r e  m e t e r  p e r  l a y e r ,  A p )  

SHORTWAVP I ONCWAVI! - - - - - - - TOTAT. 
S t d .  M e a n  SLd. Mc,~n S t d .  M e a n  S t d .  
D e v .  D e v .  D c v .  D e v  . 

- . . - - I  - ---- v ----- -..--- s ----, ..,--- ----- ----- 
.Z I 1.7 3.4 .5 * -6.5 a8 -3.0 
.-r ----- * -,--- 

. 3  ----- * ----- - -  ----- ----- 
1 - 300 
2 

400 - 500 
1 - 600 
1 
r 700 - 800 

r 5  1 7.6 2.4 * -19.6 -- 1 ----- a ----- 9 * 1  ----- a ---._ 2.9 * -10.5 
-,--- ----- 1.2 ----- 

.Z 7.5 12.7 1.0 * -33.2 ----- * ----- 3.5 -20.5 ----- ----- -,--- a ----- 3.2 

i : i  1 I---- 

7.3 * 10.0 2.6 * -37.4 -- 0----  r---- ----- * ----- 5.8 * -27.5 
-,--- ----- 5.2 ----- 

- 9  5.1 * 7.6 3.6 -29.4 8.0 * -21.8 -- I ----- a ,,,-- ----- a ----- -,--- a ----- 5.9 ----- 
.7 ' 7.0 * 4 . 6  
-0 ' ----- * ----- 3.5 -1B.3 ----- a ----- 7.4 -13.7 ----- a ----- 4.8 ----- 

4 4.5 * 2.2 2.3 * -12.4 3.4 * -10.2 -- ----- a ----- - -  * ----, - a ----- 2.1 ----- 
- 0  2.4 * .8 e 9  * -9.4 1.1 : -8.6 

-em-- ----- a ----- ----.. * --..-- -_--- ----- 1.1 
900 ----- 

.1 I 1.5 a .2 .4 a -8.6 .S . -8.4 ----- a .,..--- ----- * --..-- ----- 4 ----- .6 

itfn, *--- ----- 
.3 1 .5 * . O  ----- * ----I . O  -4.1 1012 -.--- ----- *O * * ----- - 4 * 1  ----- * ----- .O ----- 

a a a 





-- .- -12L--- p- 

PRESSURE CLOUD TOP RAUIATIVE CONVERGENCE (+) / DIVERGENCE (-) 
(~sl, J DISTRIBlITION ( X )  (watts per square 1rtctr.r per layer, Ap) 

SlIORTWAVE -. - - - - .- pt<yAV& TOTAI. .- -- 
Mean 3 1 S L ~ .  Dcv. Mean S l d .  Ilcv. Me.] II Urv. SLd. Mean Dev. S L ~ .  

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t op  pressure d i  s t r i  bu- 
t i o n  t o r  t he  Southern sec to r  o f  the LATE B-sca le  a r ray  f o r  September 
13, 1974 ( J u l ~ a n  Day 256). Standdrd dev ia t i ons  rep resen t  the v a n -  
d b i l i t y  i n  space o f  t he  24 hour medns troln one 1/L degree l a t i t u d e  by 
1/L degree l o r i g i t ude  area t o  anothcr .  

i n n  ---- 
.?no ---- 
SO0 ---- 
400 --I- 

500 ---- 
10.2 

600 ---- 
10.3 

700 --.- 
11 

ROO ---- 
14.3 

90 0 --.- 
10.1 

l o n o  ---- 
CLEAR 21.1 
1n12 ---- 

--- 
PK1;SSURE RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 

(mb) (watts per square meter per laver.  AD) 

Mjan Std. 

3.1 

5.2 

6.3 

8.1 

14 

. . .. 
SHORTWAVE -- - I ~ N G W A V E  TOTAI. 

Mean S t d .  Mean S t d .  Elean S t d .  

?---- a ---ma ----- U ----- " ----- e m - - -  . 4.1 • 2 . 8  .1 * - 7 . 3  1.9 * -4.5 - -  a ----- 1.3  
0 W e - - -  P-3;; a ----- Y ----- ---..a 

5.6 .5 -17.0 1.4 -11.3 
-,--- a -r--- 

1.1 
p"-' a ----- ---r- a ----- ----- 
. 2.4 11.0 .3 * -25.3 1.6 -14.3 I . h  
c---- a ----- ----- a ----- -,--- a ----- ----- 

2.3 * 11.7 .4 * -27.3 2.0 -15.6 2.0 
k---- • ----- ----- a ----- - -  a ----- ----- . . 2.3 11.7 .8 a -29.8 2.3 a -18.1 2.3 - -  a ""' ----- a ----- - -  a ----- -*--- 

2.9 * 10.6 2.5 * -16.2 
,p---- a ----- ----- l * O  a a -26*R ----- -.._..- a ----- 2.2 ----- 

2.7 9.5 1.4 -26.8 3.1 * -17.3 2.3 
dm---- a ----- ----- a ---i- - -  a ----- -.--- . a 4.6 * 8 4 2.0 +a -22.1 3.2 -13.7 ----- a -.--- ----- a ----- 2 14 
I-----  a ----- ----- 
. 2 . 8  5.4 1.6 +a -11.9 2.2 -6.5 2.0 

, I"--- a ""- ..---- ----- -,--- a ----- ----- 
, . Y.5 4. .3 e l  * -3.8 l a - 4 *1  -_--- a ----- .1 

.me-- a r---- ----- . -r--, ----- 
a a a 

I ni?v. Dev. I)e\.. 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i  s t r i b u -  
t i o n  f o r  the Southern sec to r  o t  the GAlE B-scale a r ray  f o r  September 
14, 1974 ( J u l i a n  Day 257) .  Standard d e v i a t i o n s  represent  t he  v a r i -  
a b i l i t y  i r l  space o t  the 24  hour medns trom one 1 /2  degree l a t i t u d e  by 
1/Z degree l o n g i t u d e  area t o  another.  

I ~;n 

200 ---- 
300 

400 ---- 
14.7 ---- 500 

600 ---- 
700 ---- ---- R O O  

7 
900 ---- ---- ~ n o ~ )  

CI EAR 
11712 ---- 

TOTAL 

---- . - O ----- .,..--- 
7.0 8 .  * 3 . 6  1.2 ----- a ----- ----- 

10.8 10.6 7. il ---- ----- a ----- 2 15 ----- 
9.9 7 11.4 1.0 ----- a ----- ----- 

7.0 11.4 ----- a ----- 2.6 ----- 
15.5 4.5 0 10.6 3.5 ----- a ----- ----- 
13.9 6.8 4.2 8 * 1  ----- ----- a ----- 
11.4 8.0 5.6 ----- a ---I- 

4.2 
---*- . 0 5 .3  3.4 3.0 ----- +a ----- ..---- 

4.7 ----- 1.6 
4 * 7  : ----- 1.7 ----- 

4.1 6.9 .O ----- a ----- .O  ----- 
a 
a 

TROPOSPHERE 62.9 14.4 

M e m  S t d .  

PRESSURE 
(mb) 

srror<nd~v! I.ONGWAVE TOTAL - 
Mean S t d .  Mean S t d .  Mean S L d .  

CLOUD 'fOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 
DISTRIBUTION (2) (watts per square meter per layer, Ap) 

Average r a d i a t i v e  convergence p r o f  i l e s  and c l oud  top pressure d i  s t r i  bu- 
t i o n  f o r  the Southern sec to r  o f  t he  GATt B-scale a r ray  f o r  September 
15, 1974 ( J u l i a n  Day 258). Standard dev ia t i ons  rep resen t  t he  v a r i -  
a b i l i t y  i n  space o f  the 24 hour means from one 1/2 degree l a t i t u d e  by 
112 degree l o n g i t u d e  area t o  another.  

100 

PO0 

700 

400 

500 

Dev. Dcv. Dev. ~ P V .  ---- ----- Y --r-- ----- Q - -  a -*,-- ---*- 
.1 .3 a 2. r r O  +a -5.9 ---- m e - - -  a ----- ----- a --,-, 

e l  -3.1 . I  ----- a --,-- ----- 
.9 2.2 * 5.4 ----- 0 ----- . 1  0 -15.3 ---- ----- a ----- .9 a -9.9 ----- a ----- .8 ----- 

1.8 3.4 +a 10.7 . Z  * -23.7 ---- ----- • ----- ----- a ----- 1.8 a -13.0 - a ----- 1.7 ----- 
2.3 2.6 11.6 .3 -25.4 ---- ----- . ----- ----- a ----- -,--- a ----- 1.4 a -13.7 1.4 ----- 
5.8 4.1 11.8 .R * -29.7 3.3 * -17.9 2.7 



I'RESSURE CLOIID TOP 
(tj~b) n[STHTBUTION (2) 

RAI)JATI.VIS C0NVF:KGENCIS (+) I DIVERGENCE 
( w a t t s  p e r  sq t la re  Inc.ter p e r  l a y e r ,  Ap) 

SHOK'GJAVF - l,!)N( ;WAKE 
Mean S t d .  Mvan S L ~ .  

D1.v. T) I?v .  
U ----- -..--- U ----- - .--- a 
a 4.5 1.2 U -0.9 3.2 
a ,,--- ----- ----- -,,-- a 

12.3 3.4 a -84.17 3.3 a 
a ----- ----- a ----- -,,-- a 
* 10.8 2 .7  * -27.7  3 .4  * 
a ----- ----- a ----- -,--- a 

6.9  3.2 -76 .0  3.H 4 
4 ----- ----- * ----- -,,-- a 
41 4.5 2.H -22.7  3 .5  4. 

TOTAI. .- 
Mean S t d .  

I)(?v. ----- 
(3.9 ----- 
1 . 3  --- - - 
5.0 

---- 
9.4 - - - - 

23.2 ---- 
IT . .?  

TOTAL TROPOSPHERE 

Average r a d i a t i v e  convergence  p r o f i l e s  and c l o u d  t o p  p r e s s u r e  d i s t r i b u -  
t i o n  t o r  t h e  S o u t h e r n  s e c t o r  of t h e  GATE U - s c a l e  d r r a y  t o r  Septe l l~ber  
l b ,  1974 ( J u l i a n  Ddy 259) .  S tanddrd  d e v r a t i o r ~ s  r e p r e s e n t  t h e  v d r l -  
a b i l i t y  i n  s p a c e  o t  t h e  24 hour  niearrs fro111 one  112 d e g r e e  l a t i t u d e  by 
I li! d e g r e e  l o n g i t u d e  a r e a  t o  anot t le r .  

C T . O I I ~  'rnr RAIIIATTVE CONVKIW;EN(:E (.t) / UIVER(:RNCE (-) 
1)ISl'R LLIIITTON ( X )  ( w a t t s  p e r  nqlla1.c: nletcr p a r  l a y e r ,  Ap) 

S!!gKlWA-V 5, I !!Ni;11,4V I TOTAL .. . - . 
Mean S t d .  k t < ! ; i ~ ~  :; L L ~  . Elt.;~n S L ~ .  Elc,;ln 

I)C?V. I ) < * v .  I ) V V .  ---- ----- a ----- " u ----- ----- U --- - 
. 7  1 .2  3 . 0  . 3  a -,6.1 .4 - 3  I 

TOTAL TROPOSPHERE 

Average r a d i a t i v e  convergerice p r o f i l e s  arid c l o u d  t o p  p r e s s u r e  di  s t r i  bu- 
t i o n  f o r  t h e  S o u t h e r n  s e c t o r  o t  t h e  G A l E  B - s c a l e  a r r a y  f o r  S c l ~ t r ~ r l b e r  
1 7 ,  1974 ( J u l  idn  Day Zeu). S t a n d a r d  d e v i a t i o r i s  r e p r e s e n t  t h e  v a r i -  
a b i l i t y  i n  s p a c e  of t h e  24 hour  Illcans fro111 o n e  112 dttgree l a t i t u d e  by 
1/L d e g r e e  l o n g i t u d e  a r e a  t o  a n o t h e r .  

CONVERCKNCE (+) / I)IVER(:KNCIC (-) 
p e r  squart ,  mvter  per l a y e r ,  Ap) 

I .ONt?ANF -. 
!IL.~III S t d .  Fl~..ln 

I k v .  
U ----.. -,--- * --,,- 
u -5 .9  
0 ----, 

01 * -3 .1  ----- a ----- 
U -15.7  ----- .5 a -10.2  

-,--- a --,-- 
a -?5.? 1.0 a -14 .2  
0 ----- ----- * ----- 

- 2 6 . 6  * ----- 1.1 -14.8 ----- ----- 
a -29.Z 1.3 -11 .6  
a ----- ----- a --,,- * -30.R 
a ----- 1.8 a - 2 0 . 1  ----- a ----r 

4 -33.2  2.0 a -23.4  

TOTAL 
S r d  S t d .  

nev. ----- 

A v c r ~ g e  r d d i a t i v e  c o n v c r g c n c r  p r o f i l e s  and c l o u d  t o p  p r e s s u r e  d i s t r i b u -  
t i o n  t o r  t h e  S o u t h e r n  s e c t o r  of t h e  GATL 11-scale d r r a y  f o r  Septetaber 
l!i. 1914 ( J u l  i a n  Oay 2b1 ). S t a n d a r d  d c v i a t i o ~ i s  r e p r e s e n t  t h e  v a r i -  
z ' i t y  i n  s p a c e  of t h e  24 )lour rlieans f r w l  one  112 cti?gree l a t i t u d e  by 

t lcqree lo r l~ l i  t u d e  a r e a  t o  anottrev.  



3 . 9  DAI& 24 HOUR MEANS OVER THE NORTHEAST SECTOR OF THE GATE B ARRAY 
(ENCOMPASSES C-SCALE ARRAY) 

The f o l l c  20 t a b l e s ,  on pages 125 t o  131, g ive  v e r t i c a l  p r o f i l e s  

of t h e  d il, 24 a Ir means of t h e  cloud top  d i s t r i b u t i o n ,  shortwave, long- 

wave and t o t a l  r a d i a t i v e  divergence. The domain i s  t h e  no r theas t  s e c t o r  

of t h e  GATE B a r r a y  during Phase 111 and t h e  v e r t i c a l  r e s o l u t i o n  i s  100 mb. 

Standard d e v i a t i o n s  r ep re sen t  t h e  v a r i a b i l i t y  i n  space of t h e  24 hour means 

from ( degree l a t i t u d e  by 1 / 2  degree longi tude  a r e a  t o  another .  

OUU 7'"D 

S T R I  ON ( 
R A D I A T I V E  CONVERGENCE (+) / DIVERGENCE (-) 

(watts uer sauare meter per laver.  A D )  . . .  
SHORTWAVE LONGWAVE TOTAL -- 

~ ~ a n  ~ t d .  ~ e a r - -  ~ t d .  Mean 
L J ~ V  . D e v .  nev. 

100 ----- 9 ----- ---..- U ----, ----- a ----- 
2.9 - 1  * -6.9 7.0 * -4.0 

200  ----- a ----- ----- 9 ----- ----- a ----- 
7.2 a 5 . 8  .4 -18.7 3.0 * 113.0 

3 0 0  ----- a ----- ----- c ----- -,--- a ----- 
4.5 11.5 .6 -28.5 3.0 * -17.1 

S t d  
D e v .  ----- 

1.9 
I---- 

2.8 ----- 
3 . 2  

. - -  
ROO 

9 0 0  

i t t I 1 R  
1012  

Average radiative convergence profiles and  cloud top pressure di s t r i  bu- 
tion tor the Northeast sector of the GATt U-scale array for August 
30, 1974 (Julian Day 242) .  Standard deviations represent the vari- 
abi l I ty in spdce ot the 24 hour Illedns troni one 1/2 degree lat l tudc by 
112 degree longitude area to another. This area encompasses the C- 
scale array. 

- 
R A D I A T I V E  CONVERGENCE ($1 / DIVERGENCE (-) f 

(mb) JSTRIWJTION (2) (watts per square meter per layer,  A p )  J 

S t d .  
SHORTWAVE. 

Mean Std. 
I.ONCWAVE -- 

Mean Std. 
TOTAL 

Mean Std 

100 

200  

300 

400 

5 0 0  

6 0 0  

7 0 0  

8 0 0  

9 0 0  

1000  
CLEAR 
i n 1 2  

Dev. 

0.0 ---- 
0.0 ----- 

.7  ----- 
2.4 

? 

3.2 ----- 
3.6 ---- 
2 . 8  ----- 
5.5 ----- 

12.0 ----- 

Dev. -"..-- 
. O  ----- 
.1 ----- 
. 1  ----- 
.2 ..---- 
.5 ----- 

1.3 ----- . H ----- 
.a -- - - - 

1.3 .,---- 
.2  ----- 

Dcv. ----- 
. O  ----- 
. 1  ----- 
. 3  ----- 

1.4 ----- 
2 13 ----- 
2.4 ----- 
2.6 ----- 
2.2 ----- 
1.7 ----- 

- 1  ----- 

Dev. ----- 
.o ----- 
. 1  ----- 
. 3  ----- 

1.4 ----- 
2.2 ----- 
1 a6 ----- 
2 a 6 ----- 
1.8 ----- 
1.1 ----- 

. 1  ----- 
P 9 a a 

TOTAL TR POSPHERE 79.5 1.9 -213.7 1.6 -134 .2  2  6 

Average radiative convergence profiles and cloud top pressure distribu- 
tion tor the Northeast sector ot the G A T E  B-scale arrdy tor August 
31, 1914 (Jul lar~  bay 2431. Standard devidtions represent t l~e  vari- 
abi l i ty  in spdCe ol ttte 24 hour nledns trooi one 112 degree lat l tude by 
112 degree longitude area to  dnother. l h i s  area encompasses the C- 
scale array. 





- - - - - - - - 
YRI.SSIIRI'. 

(~nb I 

#earl 

1 0 0  

200 

700 

400 

500 

hno - 
700 

A00 

900 

C E i R  
11712 

TOTAL 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  t he  Nor theast  sec to r  o f  the GATE B-sca le  a r ray  f o r  September 
5, 1974 ( J u l i a n  Day 248). Standard d e v i a t i o n s  rep resen t  t he  v a r i -  
a b i l i t y  i n  space o f  t he  24 hour  Inearls fro111 one 1/2 degree l a t i t u d e  by 
1 /2  degree l o n g i t u d e  area t o  another.  Th is  area erlcompasses t h e  C -  
s ca le  array. 

-127- - -- - - - - -- -- --- - - - - - -- -- -- -- 
CI.OUI) ' TOP RADIATIVE CONVERCENCE (+) / DIVI,KGENCli (-) 
DISTRIBIITION (Z) ( w a t t s  p e r  s q u a r e  m e t e r  p e r  l a y e r ,  Ap) 

SHORTWAVE f.ON(.WAVE -- TOTAI. . 
S L d .  Mean S t d .  Mectn SLd. M e a n  S t d .  
D e v .  D e v .  D e v .  D c v .  -"-- ----- a ,,-,- -..-r- a ----- -..--- U I---- ----- 

8.2 1U.O a 4.9 2.5 a - 9 . R  4.9 * -4.9 ---- ----- a r---- ----- a ----- - -  a ----- 3.8 ----- 
14.3 7.0 * 9.5 2.9 0 -?0.4 2.9 a -10.9 1.3 ---- ----- a ----- ----- ----- ----- a ----- ----- 
9.4 2.1 9.4 2.2 0 -?5.0 3.8 -15.6 ---- ----- a ----- ----- a ----- ----- a ----- 2.9 ----- 
7.8 2.4 8.2 2.7 -23.8 3.8 -15.5 - a ----- 3.0 ---- ----- a ----- ----r ----- ----- 
6.7 2.5 a 7.7 2.7 -23.7 2.8 -16.1 3.0 -- ----- 0 ----- ----- a ---r- -,--- a r---- ----- 
7.6 2.0 6.7 2.6 0 -22.8 2.5 0 -16.2 

-,--- a ----- 1.7 ---- ----- ----- r---- a ----- ----- 
11.2 2.3 * 5 H 3.1 -24.4 315 -18.6 ---- ----- ----- ---..- a ----- - -  a ----- 2.1 

---*- 
10.4 2.9 a 3.8 2.8 * -18.8 4.9 0 -15.0 - -  a ----- 3.0 ---- ----- a ----- -,--- 0 ----- ----- 
10.0 4.6 a 2.2 a -10.2 3.2 0 -8.1 1.7 ---- .--..- a ----- 2*1 ----- a ----- ----- a ----- ----- 
14.3 10.9 a e l  .1 -3.9 a 1  -3.9 ----- a ----- .I ---- ----- a ----- ----- a ---r- ---- - 

a a 0 
a a 

TROPOSPHERE 0 58.1 12.9 a -1R2.R 15.2 -124.8 10.0 

- - -- - -- - -. 
PRLSSLIKE 

(mb) 

M e a n  

100 

200 - 
700 

400 

500 

600 

TOO 

B O O  

900 

1000 
CL €An 
1012 

TOTAL 

S t d .  
D e v .  ----- 
1.8 ----- 
3 a 8 ----- 
1.9 ----- 
2.9 ----- 
4.8 ----- 
3.3 ----- 
2.0 ----- 
1.0 ----- 

.B 
----* 

.1 ----- 

CI.OUI1 TOP 
DISTI~TBU'rION ( X )  

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i  s t r i  bu- 
t i o n  f o r  t he  Nor theast  sec to r  o f  t he  LATE B-scale a r ray  f o r  September 
4, 1974 ( J u l i a n  Day 247). Standard dev ia t i ons  rep resen t  the v a r i -  
a b i l i t y  i n  space o t  the 24 hour  llieans f r a u  one 112 degree l a t i t u d e  by 
112 degree l o n g i t u d e  area t o  another.  Th i s  area encompasses t he  C- 
sca le  ar ray .  -- ---- - 

CLOUD TOY R A D I A l I V E  C0KVERl:ENCE (+) / DIVERGPNCE (-) 
D I S T R I B U T l O N  (%) ( w a t t s  p e r  s q u a r e  m e t e r  p e r  l a y e r .  A p )  

M a n  S t d .  
D e v .  - -- ----- 

.7  - 1:: -- ----- 2.4 - -- ----- 
.5 3.3 

---.. 
19.2 -- 
23.3 ---- 
13.0 
-am- 

9.3 ---- 
9.9 ---- 
8.4 

L--- 

6.5 ---- 
4.3 ---- 
a.n ---- 
2.0 ---- 

T O T A L  ROPOSPHERE I 

StIORlWAVE LONCWAVE --- TOTAL .- 
. S t d .  M e a n  S t d .  M e a n  S t d .  M e a n  
D e v .  D e v .  D e v .  ----- a ----- --r-- C ----- - -  a ----- I 11.5 0 H.7 4.8 a -14.7 5.9 -6.0 ----- . ----a ----- a ----, ----- a ----- 
I 8.2 0 13.9 3.2 -25.1 
\--+-- a --..-- 4.2 0 -11.2 ----- a ----- -,--- o ----- 

5 8 
' 5*5 :: ----- 4.3 0 - 2 2 . 6  ----- 4.9 a -1b.7 ----- o ----- -,--- a --,-- 

2.5 2.9 3.3 a -19.7 4.0 -16.7 ----- 0 ----- ----- a ----- - -  a ----- 
3.7 0 2.6 0 -20.8 ----- a --r-- 2*1 ----- a ----- 5.1 a -18.6 ----- a ----- 
3.7 a 1.7 2.2 E -16.0 ----- a ----- ----- 3.9 -15.1 ----- -,--I a ----- 
3.p .9 1.4 -14.2 ----- . ----- ----- a ----- 2.7 -13.3 ----- a ----- 
2 . 5  0 . S ----- 0 ----- .9 a -10.6  ----- a ----- 1.3 +I -10.2 ----- a ----- 
1.2 .I .3 - 6 . 9  .t) -6.8 ----- a ----- ----- a ----, - -  a ----- 
1.7 * . 0 ----.. a ----- .O * -4.0 ----- a ..---, -,--- a ----- * 1  -4.0 

RADIATIVE CONVERGENCE (+) / DIVERGENCE 
( w a t t s  p e r  s q u a r e  m e t e r  p e r  l a y e r ,  A p )  

SHOR'IWAVE LONCWAVE 
M e a n  S t d .  M e a n  S t d .  

U c v .  D c v .  ----- ----- a ----- -,--- a 
2.9 ~4 -6.0 ----- ----- a ----- .4 a 

-,,-- a 
5.8 .8 -15.9 ----- ----- a ----r 

.9 -,--- a 
11.1 .5 . -24.7 1.6 ----- ----- 0 ----- ----- a 
11 .8 .9 a -27.3 

-r--- a ----- 2.6 ----- -,,-- a 
1 1  -9 1.3 -31.7 1.8 ----- ----- a ----- -,--- a 
11.1 2.0 a -32.1 2.6 0 ----- ----- a ----- -,--- a 
8. fl 1.7 * -71.3 4.5 

0 a a 
a a 

TROPOSPHERE 36.7 8.7 -155.4 12.1 -118.7 

T O E  
M e a n  

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  t he  Nor theast  sec to r  o f  the GATE 0-sca le  a r ray  f o r  September 
6, 1974 ( J u l i a n  Day 249). Standard dev ia t i ons  rep resen t  the v a r i -  
a b i l i t y  i n  space o t  t he  24 hour  means from one 112 degree l a t i t u d e  by 
112 degree l o n g i t u d e  area t o  another.  Thib area encompasses the C- 
sca le  a r ray .  

S t d .  
D e v .  
-I--- 

.1 
I---- 

* 4 ----- 
1.3 ---- - 
2.4 ----- 
1.7 ----- 
1.3 ----- 
3.1 



PRESSURE C1,OLm TOY 
(mb) DISTRIBUTION (X) 

1600 
CLEAR 
1312 

Mean Std. 
Dev. ---- ----- . H 1.4 ---- ----- 

2.6 ---- 2.3 ----- 
4.7 ---- 1 .R ----- 
9.9 ---- 5.5 -.--- 

23.9 7.3 ---- ---..- 
23.4 ---- 4.1 ----- 
14.3, ---- 2.9 ----- 
11.9 4.8 ---- ----- 

7.5 ---- 5.1 ----- 
1.0 ---- 1.2 ----- 

RADIATIVE 
(watts 

SHORTWAVE 
Mean Std. 

Drv. ----- ----- 
2. R . O  

CONVERGENCE (+) / DIVERGENCE (- 
per square meter per layer, Ap) 

LONGWAVE -- I TOTAL Mean std. I an - S td. 
Dev. Dev . 

0 * 
TOTAL TROPOSPHERE 0 75.9 2.7 0 -199.4 3.4 

Average r a d i a t i v e  convergence p r o f  i 1 es and c l oud  t op  pressure d i  s t r i  bu- 
t i o n  t o r  t he  Nor theast  sec to r  o f  the GATE B-scdle a r ray  f o r  September 
7, 1974 ( J u l i a n  Day 25U).  Standard d e v i a t i o n s  rep resen t  the v a r i -  
a b i l i t y  i n  space o t  the 24 hour  means tronl one 112 degree l a t i t u d e  by 
112 degree l o n g i t u d e  area t o  another.  Th i s  area encompasses t he  C- 
sca le  ar ray .  

-. - -- i PRESSURE CLOUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE ( -  
(mb) DISTRIBUTION (X) (watts per square meter per layer, Ap) 

Mean Std. 
Dev. 

TOTAL TROPOSPHERE 

SHOR'TWAVE 
Mean Std. 

1,ONGWAVE TOTAI, 
Mean Std. 

Dev. 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  top pressure d i  s t r i b u -  
t i o n  f o r  The Nor theast  s e c t o r  o f  the GATE B-scale a r ray  f o r  September 
8, 1974 ( J u l i a n  Day 251 ). Standard d e v i a t i o n s  rep resen t  the v a r i -  
a b i l i t y  i n  space o f  the 24 hour  means from one 112 degree l a t i t u d e  by 
1 /2  degree l o n g i t u d e  area t o  another.  Th i s  area encompasses t he  C- 
sca le  ar ray .  

Dev. ----- 
1.6 ----- 
3.2 ----- 
2.9 ----- 
5 . 6  

PRESSURE CI.OUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE ( ) 
(nth) q DISTRIBU'I'ION (X) (watts per square meter per layer, Ap) i 

Mean Std. 
SHORTWAVE 

Mean Std 
1,ONGWAVE 1 TOTAL 

Mean Std. ean S td 
Dev. Dev. 

100 ---- ----- 0 ----- ----- U ----- 
2.1 2.0 * 

200 ---- 3.5 .6 - 6 . 9  ----- ----- ----- U ----- 
13.A ---- 6.3 * 8.4 ----- 0 ----- 2.3 * -20.5 

300 ----- a ----- 
27.5 ---- 11.7 * 12.3 

400 ----- * ----- 1.1 * -37.1 ----- 0 ----- 
22.7 5.9 0 10.5 

500 ---- ----- 4 ----- ----- * ----- 2.4 -33.7 

14.0 5.4 * 
600 ---- 9.0 4.3 0 -24.5 ----- ----- ----- 0 ----- 

11.0 -"-- 7.5 * 
100 

6.1 ----- * -,--- 
4.7 * -16.8 ----- * ----- 

6 a 4 6.7 
80 0 ---- 3.4 3.5 * -12.4 ----- ----r ----- 0 ----- 

2.0 ---- 1.8 0 1.2 ----- 0 ----- 1.2 0 -9.2 
900 ----- a ----- 

.4 ---- .S * 2  ----- 0 ----- .3  * -H.5 
lIa.00 ----r 0 ----- 
Fhf9" .1 ---- r l  * . 0 ----- * ----- . O  0 -4.1 ----- 0 ----, 

0 * 
0 0 

TOTAL TROPOSPHERE 54.6 12.1 * -173.7 

Dav. ----- 
.4 ----- 

1.4 ----- 
6.1 ----- 
3.6 ----- 
5.4 ----- 
3.9 ----- 
2.0 .---- 
1.8 ----- 
1.0 ----- 

. O  ----- 

Dev. ----- 0 

.H * ----- 0 
2.3 * 
-,--- * 

6.5 0 ----- * 
5.2 ----- 0 
8.4 ----- 0 
7.7 0 ----- 0 
4.5 0 ----- * 

.H ----- * 

.7 a ----- * 

.O * ----- * 
0 
Q 

1102 * 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  t he  Nor theast  s e c t o r  o f  t he  GATE 0-sca le  ar ray  f o r  September 
Y ,  1974 ( J u l i d n  Day 252). Stdndacd dev ia t i ons  rep resen t  the v a r i -  
a b i l i t y  i n  space o t  t he  24 hour  means from one 112 degree l a t i t u d e  by 

'2 degree l o n g i t u d e  area t o  another.  Th i s  area encompasses t he  C- 
, ~ d l e  a r ray .  

1 

I.-,-- 

-3.4 .---- 
-#12.0 
.,---- 
-24.8 
r,---- 

-23.2 .---- 
0.15.5 
I---- 

-10.7 
I-,-- 

-9.0 .-,-- 
-0.0 .---- 
-6.3 
I-,-- 

-4.1 .---- 
-119.1 



Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  t he  Nor theast  sec to r  o f  the GATE 0-sca le  a r ray  f o r  September 
l b ,  1974 ( J u l i a n  Day 253). Standard d e v i a t i o n s  rep resen t  the v a r i -  
a b i l i t y  i n  space of t h e  24 hour  means trom orle 112 degree l a t i t u d e  by 
1 /L  degree l o n g i t u o e  area t o  another.  T h i s  area encompasses t he  C- 
sca le  array. -- - .- 

PRESSLIRE CLOUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 
(mb) D I S T R I B U T I O N  (%) (wnt~s p e r  s q u a r e  m e t e r  p e r  l a y e r ,  Ap)  

SHORTWAVE 1.ONGWAVE -- TOTAL 
M o a n  S t d .  M e a n  S t d .  M e a n  S t d .  M e a n  S t d .  

D e v .  D e v .  D e v  . D e v .  ----  ----- a ----- ---me a ----- - -  0 ----- ----- 
2.9 .4 * -7.5 2.8 -4.5 2.4 * ----- -- -- .---- ----- 4 ----- - a --..-- ----- 

7.0 5.7 0 5.9 0 7  * 2.4 -11.8 
' ----- 0 ----- ,,--- a :!I:" ----- ----- 2.0 ---- ----- 

8.5 4.2 0 11.2 .5 -26.1 2.3 : -14.9 2.2 -- -- ----- a ----- ----- ----- ----- ----- ----- 
10.0 3.9 * 11.6 .6 0 028.0 3.1 0 -16.4 ----- ----- ----- a -.--- om--. a ----- 2.8 ---- ----* 

H.5 2.1 0 11.1 1.1 -27.8 3.1 * -16.7 2.5 

- . 

100 

200 

g o o  
400 

5 0 0  

- -129- -- -- - 
( I,OIID TOP RADIATIVE ( 0NVl.KGI:NCI. (+) / DTVEHGI:N(,E (-) 
U I S I N I B U T I O N  (2)  ( w a t t s  per b q u a r c  nlrSLer p e r  l a y e r ,  Ap) 

h 00 -- -- 
13.5 

700  ---- 
13.6 

A00 ---- 
11.5 

900 --.I- 

12.9 

A ? ~ ! R  Ti:; 
l o l l  ---- 

T O T A L  T R O P O  

SIiOR1 WAVE 1,ONCWAVL -- -- - TOTAl. 
M c ~ l i  S t d .  M e a n  S t d .  Me.tn S t d .  Mt a n  5 t d .  

D e v .  D c v .  D e v .  LILV. ---- ----- U -me-- - -  0 ----- " "  0 ..---- ----- 
0.0 0.0 0 1.7 a0 0 -5.4 .O -3.1 m O  ---- ----- ----- ----- ----- - -  a ----- ----- 

* 7  1.2 * 5.3 00 * -15.3 .4 0 -9.9 .4 ---- - -  0 ----- ----- a ----- - -  ----- ----- 
2.6 1.4 * 10.7 01 -24.2 a 8  -13.5 r 8  

----: ----- a ----- ----- a ----- - -  0 ----- ----- 
4.0 2.3 -!!:? .2 0 -26.7 1.5 0 -15.1 1.5 ---- ----- ----- ----- -,--- 0 ----- ----- 
5.2 11 05 .4 a -28.9 1.6 0 -17.4 1.4 ---- ----- 2 * 5  : ----- ----- 0 ----r - -  * ----- ----- 
7 . R  10.7 .9 0 -29.7 2.3 : -19.1 1.6 ---- ----- 3 * 5  : ----- ----- 0 ----, ----- ----- ----- 
8 .5 3.8 1.0 -31.9 2.7 0 -22.6 2.1 ---- ----- u ----- 9 9 3  -__-- a ----, -,--- 0 ----- ----- 

11.6 6.6 0 8.6 1.2 0 -28.2 2.9 -19.6 
0 ----- 2.0 ---- r---- a ----- ----- 0 ----- ----- 

10.9 5 .8  0 7.4 1 1  * -16.6 2 . 5  -9.1 1.9 ---- - -  0 ----- ----- a ----- - -  0 ----- ----- 
42.3 11.7 .S .2 0 -4.0 .2 0 -3.5 .1 ---- ----- 0 ----- ----- om--, - 0 ----- ----- 

a 0 

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  top pressure d i  s t r i  bu- 
t i o n  f o r  t he  Elortheast sec to r  o f  t he  GATE 0-sca le  a r r a y  f o r  September 
11, 1974 ( J u l i a n  Day 254). Standard d e v i a t i o n s  rep resen t  the v a r i -  
d b i l  i t y  i n  space o f  the 24 hour  means from one 1 /2  degree l a t i  t ~ d e  by 
112 degree l ong i t ude  area t o  another.  Th is  area encompasses this C- 
sca le  ar ray .  

SHORTWAVE -- LONGWAVE TOTAL 
M e a n  S t d .  M c a n  S t d .  M e a n  S t d  

- 
PRESSURE 

(mb) 

D e v .  
" u ---..- 

10.2 0 9.6 

CLOUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 
D I S T R I B U T I O N  ( X )  ( w a t t s  p e r  s q u a r e  m e t e r  p e r  layer,  Ap) 

D e v .  ----- * --r-, 

4.9 0 -13.4 ----- a ----- 
2.3 0 -20.1 ----- 0 ----- 
3.7 a -23.h ----- a ----, 
3.3 0 -2P.O - -  ---a- 

2.7 * -21.4 
-r--- a ----, 

D e v  . - -  U ----- 
5 . 2  6 -Jet4 - -  a ----- 
1.9 a -8.1 

0 -  * ----- 
1.9 0 -17.9 
-,--- a ----- 

2.6 0 -18.3 
-,--- 0 ----- 
3.6 -18.5 
-,--- a ----- 

D e v .  ----- 
.9 ----- 

1.7 ----- 
2.2 

7 0 0  

ROO 

900  

1000 
C L E A R  
10 1 2  

t 
* 0 
0 it * 

T O T A L  R O P O S P H E R E  * 40.5 10.0 0 -172.9 15.8 -132.4 7.9 

verage r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t op  pressure d i  s t r i  bu- 
i.on f o r  t he  No r theas t  sec to r  o f  t he  GXTE B-sca le  a r ray  f o r  September 
2, 1974 ( J u l i a n  Day 2551. Standard d e v i a t i o n s  rep resen t  the v a r i -  
b i l i  t y  i n  space o f  the 24 hour  rneans f r m  one 112 degree l a t i t u d e  by 
12 degree l o n g i t u d e  area t o  another.  Th is  area encompasses t he  C- 
c a l e  ar ray .  



PRESSURE 
(n~b) 

CLOUD TOP 
DISTRIBUTION (%) 

Mean Std. 
Dev. ----- ?iG 17.4 ---- ----- 

18.2 6.0 ---- ----- 
10.6 ---- 3.5 .---- 
8.3 ---- 2 9 9 ----- 
6.k 4.0 ---- ----- 
6.2 ---- 4.1 ----- 
6.1 3.5 ---- ----- 
7.5 2.8 

RADIATIVE CONVERGENCE (+) / DIVERGENCE 
(watts per square meter per layfr, 

SHORTWAVE 1.ONGWAVE 
Mean Std. Mean Std. 

Dev. Dev. ----- ----- a ----- 
r 

-,,-- a 
6.5 3.e -15.0 8.6 * ----- ----- a ----- -,,-- a 
10.7 2.2 -22.0 2.5 0 ----- -em-- 0 ----.. -,,-- a 
8.6 3.2 -22.3 6.0 * ----- ----- a ----- -,,-- . 
6.6 3.2 -20.5 5.9 ----- ----- * ----- -,,-- * 
5.6 3.5 * -19.9 6.2 * 

TOTAL 
S t d .  

a a a 
TOTAL TROPOSPYERE 46.9 10.5 a -163.9 77 .5  -117.0 14.2 

--- 

Average r a d i a t i v e  convergence p r o f i  1 es and c l oud  top pressure d i  s t r i  bu- 
t i o n  f o r  t he  No r theas t  sec to r  o f  t he  GATE B-sca le  ar ray  f o r  September 
13, 1974 ( J u l i a n  Day 256).  Standard d e v i a t i o n s  rep resen t  the v a r i -  
a b i l i t y  i n  space o f  t he  24 hour  means tronl  one 112 degree l a t i t u d e  by 
1/2 degree l o n g i t u d e  area t o  another.  Th i s  area encolllpasses the C- 
sca le  ar ray .  - -- ---.- 

PHESSllRE CLOUD TOP RhDIATIVE CONVERGENCE (+) 1 DIVERGENCE 

Dev. ----- ----- 
-8.4 ----- 5.4 ----- 
-11.3 ----- 2.0 ----- 
-13.7 - - 3.9 ----- 
-13.9 ----- 3.7 ----- 
-14.4 ----- 3.3 ----- 
-14.1 2.6 

. .  . 
jTRIBUTION ( X )  (watts ver souare mrtcr ~ e r  laver. A D )  

Dev. ----- 
8.8 ----- 
8.4 ----- 
4 .8 ----- 
3.1 ----- 
3.2 

Dev. ----- Q ----- 
. I  * - Y e 4  ----- * ----- 

2.2 a -22.n ----- a ----- 
1.4 a -27.h ----- 0 ----- 
1.9 a -27.6 

----r a ----- 
2.2 * -25.7 

Dev. I ----- 1 

4.4 
-,--- a 
3.5 a 
-,,-- 0 

3.4 a ----- a 
3.7 * ----- U 
5.8 

TOTAI. 
Std. 
Dev. ----- 
3. Y ----- 
2.9 ----- 
2.9 ----- 
2.5 

.I---- 

4.3 

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t op  pressure d i s t r i b u -  
t i o n  f o r  the No r theas t  sec to r  o f  the GATE B-scale ar ray  f o r  September 
14. 1974 ( J u l i a n  Day 257). Standard d e v i a t i o n s  rep resen t  the v a r i -  
a b i l i t y  i n  space o f  the 24 hour  illearls f r a n  one 1/2 degree l a t i t u d e  by 
112 degree l o n g i t u d e  area t o  another.  Th is  area encompasses the C- 
sca le  ar ray .  

PRESSURE CLOUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (- 
(mb) ' DISTRIBUTION ( X )  (watts per square meter per layer, Ap) 

SHORTWAVE LONGWAVE 
Mean Std. Mean Std. Mean Std. E 

Dev. Dev. Dev. _--- ----- a ----- ----- a ----. - -  * -I 

. 3  .6 6 2.7 .O a -6.0 .2 . ---- ----- a ----- ----- a ----- -,--- a -I 

202 2.8 5.4 .1 a -16.0 1.2 -1 ---- -r--- a ----- ----- a ----- - -  a -I 

2.3 1.8 10.9 -2 -24.0 m7 -1 ---- ----- a ----- ----- a ----- - -  * -. 
5.1 3.2 11.9 .2 -27.6 1.9 -1 ---- r---- a ----- ----- a ----- ----- a -. 
21.8 7.0 12.3 .5 * -41.0 4.5 - 2  ---- Om--- . ----- ----- a ----- - -  a -I 

19.5 5.5 a 12.8 1.5 -32.R 5.6 - 2  ---- ----- * ----- ----- a ----- -,--- a -. 
14.7 4.6 9.9 .7 -24.9 4.9 -1 ---- ----- a ----- ----- a ----- -,--- a -I 

12.3 3.5 7 .a .Y * -17.8 3.0 -1 ---- ----- a ----- ----- a ----- - a -I 

13.5 4.3 a 5.4 1.4 * -10.1 1.4 * - ---- ----- a ----- ----- * ----, - * -I 

8.4 b.4 a .2 .1 -3.9 - 1  . _--- ----- P ----- ----- a ----- - -  a -. 
a a a 
a a a 

TOTAL TROPOSPHERE * 79.3 1.3 * -204.2 5.5 * - 1 2  

600 ---- ----- a ----- ----- a ----- ----- a --I-- 
----- 

11.0 4.4 4.7 2.9 * -19.2 6.2 -14.5 ---- ----- a ----- ----- a ----- ----- * --I-- 

5.3 
700 ----- 

6.8 4.4 a 2.5 2.5 -15.0 4.9 -12.5 ---- ----- * ----- ----- a ----- -,--- a ----- 4.3 
800 ----- 

5.2 4.7 * 1.2 1.4 -11.8 2.9 -1C.6 2.7 
900 ---- - -  * ,,,-, ----- U ----- -,--- a --,-- me--- 

3.0 2.4 .5 e6 * -8.2 1.3 -7.7 ---- ----- a ----- ---r- * ----, -,--- a ----- 1.5 ----- 
3.4 5.5 * . 0 .O * -4.0 . O  -4.0 ----- ----- .1 

0 12 ---- ----- a ----- ----- a ----- ----- 

TOTAL 
nn Std. 

DfV. - .. ----- 
.2 . Z - - --- - - . b 1.2 -- ----- 
.1 . 7  - - ----- 
.7 -- 1.8 ----- 
.7 4.5 - - ----- 
.1 4.9 - - ----- 
.O 4.7 - - ----- 
.o - - 2.4 ----. 
.8 . d - - ---- - 
8.7 
,-- 

.1 ----- 

a a a 
0 a a 

TOTAL TROPOSPHERE * 5n.4 8.6 * -171.4 16.8 * -12:nO 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i  s t r i  bu- 
t i o n  f o r  t he  No r theas t  s e c t o r  o f  t he  GATE B-sca le  a r ray  f o r  September 
15 1974 ( J u l i a n  Day 258). Standard dev ia t i ons  rep resen t  the v a r i -  
, i t y  i n  space o f  t he  24 hour  means from one 1 / 2  degree l a t i t u d e  by 
I degree l o n g i t u d e  area t o  another.  Th i s  area encompasses the C- 
sca le  ar ray .  

13.5 



-131- -- -- - -- 
RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 

(watts per square metel per layer, Cp) 
SHORTWAVE LONGWAVE T B  

Std. Mean Std. M e ~ n  Std. Mean Sld. 
DPV. Dev. Dev. DPV. 

t a * .  a 
TOTAL ROPOSPHERE 50.3 9.6 4 -159.6 11.6 * -109.3 10.5 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t o p  pressure d i s t r i  bu- 
t i o n  f o r  the Nor theast  sec to r  o f  t he  GATE B-scale a r ray  f o r  September 
16, 1974 ( J u l i a n  Day 259). Standard dev ia t i ons  rep resen t  the v a r i -  
a b i l i t y  i n  space o f  the 24 hour means froln one 1 /2  degree l a t i t u d e  by * 

1 /2  degree l o n g i t u d e  drea t o  another.  Th i s  area encompdsses the C- 
s c a l e  d l r dy .  

PRESSURE CLOUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 
(mb) DISTRIBUTION (X) (watts per square meter per layer, hp) 

SHORTWAVE LONGWAVE -- TOTAL 
Mean Std. Mean Std. Mean Std. 

1 I Drv. Dev. .,---- 
1.0 

3---- 

1.9 ----- 
1.8 ----- 
2.5 ----- 
3.5 ----- 
2.6 ----- 
2.1 ----- 
1.3 ----- 
.4 ----- 
.O ----- 

8.7 

Dev. -"--- 
4.7 ----- 
1 *5 ----- 
4 .2  ----- 
5.8 ----- 
5.9 ----- 
3.5 ----- 
2.7 ----- 
1.0 ----- 

.9 ----- 

.1  ----- 
9.5 

Dev. 
----I 

3.9 ----- 
2.2 

I---- 

3.0 
I---- 

4.6 ----- 
3.1 

I---- 

2.0 ----- 
1.5 ----- 

.7 ----- 
1.1 ----- 

.1  ----- 
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i:EBR 
l n 1 2  

TOTAL ROPOSPHERE I 
Average r a d i a t i v e  convergence p r o f  i 1 es and c l o u d  t o p  pressure d i  s t r i b u -  
t i o n  f o r  t he  Nor theast  sec to r  o f  t h e  GATE B-sca le  a r ray  f o r  September 
17, 1974 ( J u l i a n  Day 260). Standard d e v i a t i o n s  rep resen t  t he  v a r i -  
a b i l i t y  i n  space o f  t he  24 hour  means from one 1/2 degree l a t i t u d e  by 
1/2 degree l o n g i t u d e  area t o  another.  Th i s  area encompasses t he  C- 
sca le  ar ray .  

a n  I st,. 
Dev. 

1 

SIIORTWAVE -- 
Mean Std. 

Dev. ----- -em-.. 

2.8 .3 ----- ----- 
5.6 . S ----- *---- 

10.7 ----- . 3 
----* 

11.4 ----- 05 ----- 
11.3 - 7  ----- ----- 
10.2 .8 

PRESSURE 
(mb) 

LONGWAVE - 
Mean Std. 

-- 
CLOUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 
DISTRIBUTION (X) (watts per square meter per laver. AD) 

TOTAL 
Mean Std. 

DPV. ----- 
2 . 7  ----- 
1.5 

o---- 

1.9 ----- 
1.h ----- 
2.5 ----- 
3.9 ----- 
5.5 ----- 
4 . 9  ----- 
1.8 ----- 

.1  ----- 
10.9 

nev . 
".a_-- -"--- 

-7 .4  3.0 ----- ----- 
-16.7 ----- 1 7 ----- 
-24.5 2.1 

100 

700 

300 

400 

500 

600 

700 

ROO 

900 

i L g J 1 R  
101.2 

T O T A L  ROPOSPHERE t 
Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  t he  Nor theast  sec to r  o f  t h e  GATE 0-sca le  a r ray  f o r  September 
16, 1974 ( J u l i a n  Day 261 ). Standard d e v i a t i o n s  rep resen t  the v a r i -  
a b i l i t y  i n  space of t he  L4 hour  means f rom one 1/2 degree l a t i t u d e  by 
1 /2  degree l o n g i t u d e  area t o  another.  Th is  area erlcolripdsses the C- 
sca le  a r ray .  



3.10 DAILY 24 HOUR MEANS OVER THE SOUTHEAST SECTOR OF TH GATE B ARRAY d 
The fol lowing 20 t a b l e s ,  on pages 132 t o  138, g ive  

wave and t o t a l  r a d i a t i v e  divergence. The domain is  t h e  so t h e a s t  s e c t o r  iU 

v e r t i c a l  p r o f i l e s  

of t h e  d a i l y  24 hour means of t h e  cloud top  d i s t r i b u t i o n ,  

of t h e  GATE B a r r a y  during Phase I11 and t h e  v e r t i c a l  r e s o  u t i o n  i s  100 mb. I 

shortwave, long- 

Standard dev ia t ions  r ep re sen t  t h e  v a r i a b i l i t y  i n  space of he 24 hour means If 
from one 1 /2  degree l a t i t u d e  by 1 /2  degree longi tude  a r e a  o another .  lr 

PRESSURE CLOUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 
(mb) DISTRIBUTION ( X )  (wa t t s  per eouare  meter  ~ e r  l a v e r .  AD) 

100 

200 

30 0 

roo 
500 

Mean 
SNORTWAVE 

Mean S t d .  
Dev. ----- ----- 

.2 :j*l ----- ----- 
6.2 ----- . S ----- 

12.8 ----- 1.7 ----- 
13.2 ----- 1.0 ----- 

. , 

LONGWAVE - -- 
Mean Btd. ' 

D e v .  ----- ----- 
1.2 

- 6 * 6  ----- ----- 
-17.9 2.1 ----- ----- 
-33.9 5.3 
----* ----- 
-40.5 ----- 6.1 ----- 

'600 
22.5 ---- 8.5 * 12.0 ----- a ----- 4.6 * -33.2 ----- * 9.4 ----- 
11.1 5.9 * 8.2 5.4 -16.5 i o o  ---1 I---- * ----- ----- * ----I ----.I 

6.8 

5.6 5.7 O 4.0 4.5 * -10.7 ---- 4.4 
B O O  ----- ----- ----- I ---.- ----- 

2.1 3.3 * 1.5 2.4 a -8.7 - - - - ----- a ----- ----- a ----r 
1.6 

boo ----- 
- 3  *7  * r 3  .7 * -8.7 .6 

1 hO0 ---- ----- a ----- --r-- Q ----r ----- 
CLEAR 
1012 

0 1  .3 * . 0 .O * - 4 . 2  . 0 ----- * ----- -c-- ----- * ----- ----- 
0 a * 

TOTAL TROPOSPHERE * 61.3 

S t d .  
Dev. 

Average r a d i a t i v e  convergence p r o f  i 1 es and c l o u d  t op  pressure d i  s t r i  bu- 
t i o n  f o r  t he  Southeast s e c t o r  o f  t he  GATE B-sca le  a r ray  f o r  August 
30, 1974 ( J u l i a n  Day 242). Standard d e v i a t i o n s  rep resen t  the v a r i -  
a b i l i t y  i n  space o f  t he  24 hour  means f r a n  one 1/2 degree l a t i t u d e  by 
112 degree l o n g i t u d e  area t o  another.  

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  t he  Southeast s e c t o r  o f  t he  GATE B-sca le  a r ray  f o r  August 
31, 1974 ( J u l i a n  Day 243).  Standard d e v i a t i o n s  rep resen t  the v a r i -  
a b i l i t y  i n  space o f  t he  24 hour  means froln one 112 degree l a t i t u d e  by 
' ' 3  degree l o n g i t u d e  area t o  another.  

----- 

TOTAI. -- 
S L ~ .  
DPV. 

r---- 

-3.1 .o ----- 
- Y e 6  .1 ----- 

1.0 
c---- 

. 3  1.2 ----- 
2.2 ----- 
1 m6 

c---- 

2.2 ----- 
1.1 ----- . H ---- - 

-3.7 . 1  ----- 
. 2.1 

-. 
PRESSURE CI.OUI) TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 

(mb) DISTRIBUTION ( X )  ( w a t t s  per squa re  meter  p e r  l a y e r ,  Ap) 
SHORTWAVE 1,ONCWAVE 

Mean S t d .  Mean Std .  Mean S td .  Mear~ 
Dev. D c v .  Dev . 

100 - - - - ----- * ----- ----- U ---..- ----- 6 --,-- 
0.0 0.0 Q 2.7 a0 * -5.R ---- ----- * ----- . O  * 

200 ----- 9 ----- ----- * ----- 
.o ---- .O  5.4 . I  * -15.0 .O * ----- * ----- ----- 9 ----- ----- tb ----- 300 

1.1 1.9 10.7 r l  * -23.4 1.0 -12.6 
400 ---- - a ----- ----- ---,, me---  0 ----- 

3.0 2.0 * 11.7 .2 * -25.9 
50 0 ---- ----- * ----- ----- a ----- l o 2  * -1 ----- . ----- 

71 1 2.8 * 11.9 .S * -31.0 2.5 * -19.1 
r---- * --,-- 600 ---- ----- * ----- ----- * --,-- 

9.4 ---- 3.0 11.5 
700 ----- * ----- r---- ----- ----- --i-- 

0 9  -31.0 2.1 * -19.5 

9.2 2.4 * 9.8 0 6  -32.0 ---- ----- * ----- --r-- ----- 2.1 -22.1 
A00 ----- * ----- 

10.1 2.7 8 5 1.1 * -27.4 ---- ----- * ----- 1.7 * -18.9 
900 ----r • ----- -,--- a ----- 

20.9 2.7 * 8.2 - - - - 1.1 * -17.4 ----- * ----- ----- a ----- 1.2 ----- * ----- 
E,?811R 3 9 . 3  5.2 * l 3 a1 
in12  ---- ----- * ----- ----- * * ----, -4*1  ----- * ----- 

0 * * 
a 0 * 

T O T I C  TROPOSPHERE * 80.8 1.1 * -212.9 1.4 * -132.1 

-9.2 



TOTAL ~ROPOSPHERE 
4 I) 4 
4 78.6 1.7 4 -215.2 2.3 4 -136.6 1.1 

- 
P I ( E S ~ U R E  
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Average radiative convergence profiles and cloud top pressure distribu- 
tion for the Southeast sector of the GATE B-scale array for September 
1 ,  1974 (Julian Day 244). Standard deviations represent the vari- 
abi l i ty  in space ot the 24 hour means from one 1/2 degree lat i tude by 

' 

1/2 deyree longitude area to another. 

-133- 
c1.ou0 TOP RADIATIVE CONVLKGENCE (+) / DIVEKGENCL (-) 
DISTR18UTION (%) (watts per square inetcr per I'lyar, Ap) 

SHORTWAVE L_9"WfAJli -- TOTAI. 
Meail Std. Mean Std. Fle'in Std. Medn S L ~ .  

Dev. Dev. Ibv. 1)ev. ---- ----- * ----- ----- a ----- . .  a ----- --em- 

.O .0 * 2.7 .O * -5.F! . t l  -3.1 . 0 ---- ----- 4 ----- ----- a ----- -,--- 4 ----- ----- 

.1 .2 5.4 .1 * -14.9 - 1  -9 .5  .1 ---- ----- 4 ----- ----- 4 ----- - -  a ----- ----- 

.7 1 10.8 02 * -23.1 06 * -12.3 .4 ---- ----- ----- ----- a ----- -,--- a ----- ----- 
1.3 1.6 1: 11.7 .2 -24.R 1.1 -13.1 _ _ _ _ _  1 .O ---- ----- ----- ----- * ----- -,--- a ----- 
a.3 2.0 a 11.6 .S 4 -27.6 1.3 * -16.0 ___-_ 1.1 ---- - t ----- ----- a ----, -,--- m ----- 
4.9 3.5 10.6 07 4 -79.8 1.5 * -13.2 1.1 ---- ----- a ----- ----- a ----- - -  a ----- ----- 
8.9 4.1 4 9.7 09 * -75.1 1.3 -25.4 .8 -- ----- * ----- ----- 0 ----- -,--- 4 ----- ----- 
13.0 3.0 a 8.7 1.2 -31.7 3.5 * -23.0 2.4 ---- ----- a ----- ----- 4 -r--- - -  t ----- ----- 

6.4 * 1.8 * -18.4 2.2 -11.3 1.4 
i n o o  7 0 1  ----- a ----I ----- 4 ----- - -  a ----- ----- 
CLEAR e4 0 1  * -4.0 - 1  * -306 .2 
1012 --- * - - : ----- --..-- a ----- - -  a ----- ----- 

4 a 4 

700 ----- 0 ----- ----- a ----- -,--- a ----- ---_- 
2.7 a 2.6 1.9 a -16.5 4.7 -13.8 ----- * ----- ----- 4 ----- ----- a ----- 3.1 

R O O  ----- 
1 .8 1.5 0 -14.2 3.7 4 -12.4 ----- a ----- ----- Q ----, ----- a ----- 2 a 5 

9no --___ 
6.7 4 1.4 1.5 * -8.A .H * -7.4 

ln o n  ----- * ---,- ----- 4 ----- -,--- 4 ----- 1.0 ----- 
CLEAR 4.6 * . O 00 4 -3.9 
1012 ----- * ----- ----- 4 ----- .1 -3.9 __--_ - -  4 ----- . 2 

-- 
I'KESSU2I: 

(olb) 

100 - 
1 - 200 
1 - 700 
2 - 400 
1 

500 - - 600 

I -- . -- 
CLOUD TOP RAoIATIVE CONVERGENCE (+) / DIVERGENCE (-) 
DISTRIBUTION (Z) (watts per square meter per layer,  Ap) 

SIIORTWAVC -- 1,ONCWAVE TOTAL -. 
ean Std. Mean Std. Mean Std. Mean Std. 

Vev. Dcv. Ikv. Dev. -- ----- Y ---..- " * ----, . m ----- ----- 
.5 '1.4 44 6.9 1.9 -12.4 2.5) a -5.4 -- ----- a ----- ----- u ----- ----- 0 ----- 2 .  h ---- - 
-6 6.7 0 10.9 2.6 4 -22.5 3.2 -11.6 -- ----- ----- ----- 4 ----- em,-- a r---- 

2.5 ----- 
.4 10.4 0 8.7 2.4 4 -29.4 6.6 4 -20.8 -- ----- a ----- ----- 0 --,-, ----- a ----- 5.7 ----- 
m6 6.1 * 5.9 2.1 * -23.7 4.2 * -17.8 ----- a ----- ----- 4 ----- ----- 0 ----- 5.0 -- ----- 
.3 1.9 * 4.6 2.2 -17.2 3.6 * -12.6 -- ----- a ----- ----- a ----- ----- 4 ----- 2.4 ----- . 0 1.8 3.4 1.9 * -15.9 4.2 4 -12.5 2.6 

PKESSIIPE: CLOUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 
(mh) DISTRIBUTION (2)  (watts per square meter per layer,  Ap) 

I 
I 
I 

&an Std. 

Average radiative convergence profiles and cloud top pressure distribu- 
tion for the Southeast sector of the GATE B-scale array for September 
2, 1974 (Julian Day 245). Standard deviations represent the vari- 
abi l i ty  in space of the 24 hour means from one 1/2 degree lat i tude by 
1 / E  degree longitude area t o  another. 

SllORTWAVE LONCWAVE TOTAL 
~ e a r -  

- 
Std. Mean Std. Mean Std 

Dev. Dev. Dev . Dev. 
100 ----- Y ----- ----- P ----- ..---- a ----- ---_- 

5.0 * 3.0 .1 * -8.0 2.9 4 -5.1 ----- a ----- ----- ----- -,--- a ----- 2.9 
200 ----- 

a 6 1.6 * 5.9 .2 -15.5 - 8  * -9.6 .A 300 ----- a ----- ----- a ----- 
1.1 * 11.6 .3 * -23.5 

400 o---- u ----- ----- a ----- 
6.3 4 13.1 -5 * -38.4 

500 ----- a ----- ----- I ----- 
3.9 4 15.7 ----- 4 ----- 1.3 * -39.0 

600 ----- a ----- 
2.9 a 10.5 2.7 -25.R 

TOO ----- 4 ,,-,- ----- 4 ---r- 

3.1 * 5.6 2.6 * -19.8 
400 - -- ----- a ----- 

.O  4.0 a - -- 2.2 
900 ----- a ----- 

.R 

E(1Bh ----- * ----- 
.1 112 a . 0 

1n12 - -- ----- 4 ,-,-- ]I:: 4 * 4 1  
1 OTAL )POSPHERE 68.5 

Average radiative convergence profiles and cloud top pressure distribu- 
tion for the Southeast sector of the GATE B-scale drrdy tor September 
3, 1974 (Julian Day 246). Standard deviations represent the vari- 
abi l i ty  in space of the 24 hour means tro~n one 1/2 degree lat i tude by 
112 degree 1 ongi tude area to another. 



PRESSURE CLOUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 
(mb) DISTRILIUTION (X) (watts per square meter per layer, Ap) 

SHORTWAVI! . ISINGWAVI.: - ... - 
Mean Std. Mean Std. Mea Std Mean Std. 

Dev. - -  a ----- 
5.2 a -14.1 
-,--- * ----- 

3.5 a -11.4 
-,--- a ----- 

2.2 * -12.1 
-,--- a ----- 

314 * -11.9 
-,--- * ----- 

4.3 a ----- :A!:: 
5.0 -10.8 -,--- ----- 
5.1 -11.4 - -  a ----- 
2.5 * -d.9 ----- - I---- 

.8 * -5.2 
-,--- a ----- 

.O a -3.9 
-,--- a ----- 

a 

15.3 -101.2 

100 - - - - 
33.2 

200 ---- 
22.3 

300 ---- 
11.8 

400 ---- 
8.4 

500 ---- 
600 

5 . R  ---- 
5.4 

700 ---- 
6.2 

A00 ---- 
4.0 

900 ---- 
1.7 

l n o o  ---- 
CLEAR 1.2 
l n i ~  ---- 

Dev. ----- a ----- 
d.7 * 818 ----- Q ----- 
7.2 * 11.0 ----- * ----- 
3.4 7.4 ----- ----- 
1.6 a 4.9 ----- a ----- 
1.7 a 3.8 ---*- * ----- 
2.9 2.8 ----- a r---- 

5.0 1.9 ----- ----- 
317 . A ----- ----- ----- .2 
2*1 : ----- ----- .0 2-3 : ----- 

Dev. ----- a ----- 
2.7 a -72.9 ----- * ----- 
2.1 a -22.5 ----- ----- 
1.9 a -19.4 ----- a -..--- 
2.1 * -16.8 ----- a ----- 
2.4 0 -15.3 ----- a ----I 

2.3 -13.6 ----- a ----- 
2.2 * -13.3 ----- -0--- 

1.2 -9.7 ----- Q ----- 
.4 a -5.4 ----- a ----- 
00 a -3.9 ----- a ----- 

a * 
8.5 -142.8 TOTAL THOPOSPliEHE 

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t op  pressure d i s t r i b u -  
t i o n  f o r  the Southeast sec to r  o f  t he  GATE 0-sca le  a r ray  f o r  September 
4, 1974 ( J u l i a n  Day 247). Standard d e v i a t i o n s  rep resen t  the v a n -  
a b i l i t y  i n  space o f  t he  24 hour means f rom one 112 degree l a t i t u d e  by 
112 degree l o n g i t u d e  area t o  another.  

PRESSURE CLOUD TOP RADIATIVE CONVERGENCE (+) / IIIVERCENCE (-) 
(mh) DISTRIBUTION ( X )  (watts oer square meter ner laver. Ao) t 

SHORlWAVE LONGWAVE 
Mean Std. ~e&r-- Std. Mriln Std. Mea Std --- 

100 
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300 
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600 

700 

60 0 

o n n  

Dcv. Dev. ----- 
4.1 ----- 
3.6 ----- 
3.5 ----- 
4.2 ----- 
4.7 ----- 
4.7 ----- 
3.7 ----- 
2.3 ----- 
1.2 

*---- 
.1 ----- 

Dcv. ----- 
I .? -..--- 
3.4 ----- 
I .h ---- - 
3.5 .---- 
4.5 ----- 
4.3 ----- 
3.7 ----- 
1 .Y ----- 
1.0 ----- 
.I ----- 

11.2 
" 

TOTAL TROPOSPHERE a 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  the Southeast sec to r  o f  t he  GATE 0-sca le  a r rdy  t o r  September 
5, 1974 ( J u l i a n  Day 246). Standard a e v i a t i o n s  rep resen t  the v a r i -  
a b i l i t y  i n  space o f  t he  24 hour  means from one 112 degree l a t i t u d e  by 
1/2 degree l o n g i t u d e  area t o  another.  I - I 

PRLSSIJRE CLOUD TOP RADIATIVE C~NVERGENCE (+) / DIVERGENCE (-) 
(mb) DISTRIBUTION (X) (watts per square meter per layer, AP) 

SHORTWAVE 
~ e a 7  std. 

1.ONGWAVE 
~e a%-- Std. Mca Std Mean S td. 

Dev. ----- * 
9.0 ----- a 
8.2 : ----- 
4.8 ----- a 
3.0 ----- * 
2.4 0 ----- + 
3.9 ----- a 
4.3 * ----- a 
6.7 * ----- a 
3.1 ----- 
1.1 ; ----- 

a 

Dev. Dev. ----- 
3.6 ----- 

TOTAL TROPOSPHERE 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t o p  pressure d i  s t r i b u -  
t i o n  t o r  t he  Southeast s e c t o r  o f  t he  GATE 0-sca le  a r ray  t o r  September 
6, 1974 ( J u l i a n  Day 249). Standard dev ia t i ons  rep resen t  the v a r i -  
a b i l i t y  i n  space o f  t he  24 hour  means from one 112 degree l a t i t u d e  by 
112 degree l o n g i t u d e  area t o  another.  



-135- 
. . .- I--------..--.---" - 
i'KE:;SlIRE CLOUD TOY RADIATIVE CONVERGENCE (+) / DlVEI<(:KNCE (-1 

(mb) D I S T R I B U T I O N  (X) (watts per square mcrrr  ythr layer.  Ap) 
SHORTWAVE 1 . z W & V &  '!.('E?L 

S L d .  S t d .  Mean S t d .  M i e . 1 1 1  S l k l  

~ P V .  D e v .  1)ev. Il5.V. 

TOTAL TROPOSPHERE 

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t op  pressure d i s t r i b u -  
t i o n  f o r  t he  Southeast sec to r  o f  t he  GATE B-scale a r ray  t o r  September 
7. 1974 ( J u l i a n  Day Z5U). Standard dev ia t i ons  rep resen t  t he  v a r i -  
a b i l i t y  i n  space o t  t he  24 hour  means from one 1/2 degree l a t i t u d e  by 
1 /2  aegree l o n g i t u d e  area t o  another.  

----- - t -- - . .- --- . -- 
PRESSUKI; C18011D TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 

(nib) D I S T R I B U T I O N  ( X )  (watts uer sauare meter per laver. An) . . 

dean s t d .  

. . .  
SHOUlWAVq . 1SJNC;WAVE . - - - - - . TOTAI. 

Mean S L ~ .  Mean S L d .  Heun S t d .  
D e v .  ----- * ----- 

2.6 a 3.0 ----- a ----- 
4.8 * 5.9 

D e v .  
--r-- * r,..,, 

e l  -6.6 ----- a ----- 
03 -19.1 ----- a ----, 
.5 * -28.8 ----- a ----- 
.5 -34.5 

r---. a ----, 
2.4 -38.9 ----- a ----, 
3.6 -20.0 ----- * ----- 
3 .3  * -13.3 ----- a ----- 
2.5 * -10.4 ----- a ----, 
2.0 * -8.9 ----- ----- 
.I a -4.1 ----- * ----- 

Dev. ----- a ----- 
1.0 * -3.b ----- a ----- 
2 r l  a -13.2 
-,--- a ----- 

2 . 6  * -17.1 ----- ----- 
4.6 -21.7 
-,--- 0 ----- 

4.5 * -22.4 ----- * ----- 
6.5 -10.6 ----- * ----- 
4.0 -6.6 -,--- a --,-- 
3.0 a -7.9 ----- * ----- 
1.1 * -7.2 ----- a ----- 
.I a -4.1 ----- * ----- 

0 
a 

8.2 6 -116.5 

D e v .  
-..I-- 

1.0 

i n o n  
CLEAR 
1012 

TOTAL TROPOSPHERE 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i  s t r i b u -  
t i 0 1 1  f o r  t he  Southeast sec to r  o f  the GATE B-scale a r ray  f o r  September 
8, 1974 ( J u l i a n  Day 251 1. Standard dev ia t i ons  rep resen t  the v a r i -  
a b i l i t y  i n  space o f  t he  24 hour means from one 1 /2  degree l a t i t u d e  by 
1 /2  degree l o n g i t u d e  area t o  another.  

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  the Southeast sec to r  o f  t h e  GATE B-scale a r ray  f o r  September 
9, 1974 ( J u l i a n  Day Z 5 L ) .  Standard dev ia t i ons  rep resen t  the v a r i -  
a b i l i t y  i n  space o f  the 24 hour  means f r ' o l ~ ~  one 1 /2  degree l a t i t u d e  by 
1 /2  degree l o n g i t u d e  area t o  another.  

- -- 
YKESSllRE 

(mb) 

100 

200 

300 

-- ----.- --.--. --.-- 

CLOUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 
D I S T R I B U T l O N  (2) (watts per square meter per layer,  hp) 

SRORIWAVE .- I.ON(;IJAVE TOTAL 
Mean S t d .  Mean S t d .  Mean S t d .  Mean S t d .  

D e v .  D e v .  Dev. D e v .  
,.--- - -  a ----- ---..- a ----- -,--- 0 ----- ----- 

1.8 1.7 3.6 .5 0 -6.4 a 6  * -3.2 a3 
am--- ----- * ----- ----- a ----- -,--- * ----- ----- 
.5.6 7.0 * 9.6 2.6 -11.6 2 * 3  - 2 1 * 1  ----- a ----- 1.4 ----- * ----- ----- . ----- ----- 

9.7 * 12.7 e9 * -35.4 5.4 * -22.7 5.0 
400 ----- a ----- ----- ---I- - a ----- ----- 

5.4 a 2.7 * -3H.3 6.0 a -28.7 - -  a ----- 4.7 
500 q - 6  ----- a - ---- -em-- a ----- ----- 

5.1 6.6 3.5 * -23.7 7.4 * -17.0 
-,--- * ----- 5.6 

600 

700 

600 

900 

E t2 l lw  
1012 

TOTAL 

----- * ----- ----- a ----- ----- 
8.0 4.8 * 3.4 3.0 -13.5 --- - - 2.9 

-,--- a .---- 5.1 1 ___-_ .--- ----- * ----- ----- 
3.7 3.3 0 1.6 1.9 -10.6 2.7 * -9 .1 

0 -  * ----- 1.6 ---- ----- * ----- - - - e m  ----r ----- 
1.9 2.4 - 6  . Y  -9.5 1.1 : -Me9 .9 .--- ----- a ----- ----- ----- ----- ----- ----- 
e6 1.6 r Z  .4 • -0.9 - 4  -Me? .6 .--- -*--- * ----- ----- * ----, -,--- * ----- ----- 
- 2  .5 .O .O a -4.1 .O * -4.1 .O 

I.--- ----- a ----- ----- a ----- - -  . ----- ----- 
a a 
a a 

TROPOSPHERE 47.9 9.3 * -172.0 10.2 -124.1 3.8 



- - -. 
-136- 

PRESSURE CLOUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 
(mb) DISTRIBllTION (%) (watts per square meter per layer, hp) 

SIiOK'lWAVE I.ONCWAVE 
Mean Std. Nean Std. Mean Mean Std. 

Dcv. - -  * ----.. 
4 - 3 . a  

-,,-- a ---- 
1.4 * -10. 

-,--- a ---- 
2.8 0 - -IS. 

" a ---- 
2.3 a -17. ----- a ---- 
2.0 * . -1d. 

-,--- a r--- 

2 1  -17. ----- ---- 
5.1 * -18. 

-,--- a ---- 
5.2 a -16. 
-,--- a I---- 

3.H * -9. 
-,--- a ---- 

.1 a -3. 
-,--- a ---- 

a 

Dev. ----- 
.a ----- 

3.6 --.-- 
5.1 ----- 
4.9 

I---- 

4.3 ----- 
3.2 ----- 
1.8 ----- 
2.9 ----- 
4.6 ----- 

19.7 ----- 

Dev. ----- 
2 ----- 

1.1 ----- 
1.2 ----- 

0 7  ----- 
1.4 ----- 
1.9 ----- 
2.1 ----- 
2.2 ----- 
2.4 ----- 

. 3  ----- 

Dev. ----- 
.4  

500 

600 

700 

ROO 

900 

(I a a 
TOTAL TRIIP'OSPHEHE 0 71.8 8.1 * -202.1 9.0 b l3O.  4.6 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i  s t r i b u -  
t i o n  f o r  t he  Southeast sec to r  o f  the GATE R-scale a r ray  f o r  September 
10 1974 ( J u l i a n  Day 253). Standard dev ia t i ons  rep resen t  the v a r i -  
a b i l i t y  i n  space o f  the 24 hour  means from one 1/2 degree l a t i t u d e  by 
1 /2  degree l o n g i t u d e  area t o  another.  

CLOUD TOP 
DISTRIBUTION ( X )  

PRESSURE 
(mb) 

RADIATIVE CONVERGENCE (+) / DIVERGENCE 
( w a ~ t s  per square meter per layer, Ap) 

SHORTWAVE -- . I.ONI;WAVE 
Mean Std. Mean Std. Mea 4 Std. Mean Std. 

Dev. ---- ----- 
10.6 ---- b.3 ----- 
11 e 9  ---- 4.1 ----- 

7.A ---- 3.2 ----- 
8.4 ---- 3.4 ----- 
6.9 2.3 ----- 
Y .9 2.0 

100 

ZOO 

300 

400 

SO0 

(500 

700 

800 

900 

Dev. ----- 
.5 ----- 

1.6 ----- 
.7 ----- 

1.2 ----- 
1.6 ----- 
1.6 -..--- 
1 . 7 

Dcv. ----- 
3.5 --- - - 
1.9 -..--- 
2.3 ----- 
3.4 ----- 
2.7 

1000 
CLEAR 
1 0 12 

----.- 
-H *4  ---- 

-12.7 ---- 
-12.5 ----- 
-13.2 ----- 
-13.8 ----- - 14.6 ----- 
-19.0 ----- 
-12.0 ----- 

-5.7 ----- 
-3.7 ----- 

a 0 a 
a a a 

TOTAL TROPOSPHERE 6 71.1 7.7 * -1112.6 10.0 -111.5 1 4.1 

Dcv. ----- 
3.1 ----- - - 1.7 ----- 
2.0 ----- 
2.8 ----- 
1 . f l  ----- 
1.9 ----- 
2.0  ----- 
1.3 ----- 

.8 ----- 

.1 ----- 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i  s t r i b u -  
t i o n  f o r  t he  Southeast sec to r  o f  t he  GATE B-scale a r ray  f o r  September 
11 1974 ( J u l i a n  Day 254). Standard dev ia t i ons  rep resen t  t he  v a r i -  
a b i l i t y  i n  space o f  t he  24 hour means trom one 112 degree l a t i t u d e  by 
112 degree l o n g i t u d e  area t o  another.  

-- --- 
PRESSURE CI.OUD TOP 

(mb) . DISTRIBUTION I 

-- 
RADIATTVE CONVERGENCE (+) / DIVERGENCE (-) 

(watts per square meter per i>. .r ,  Ap) 
SHORTWAVE. 

Mean Std. 
I.0NCWAVE 

Mean 5 L \  
Mean Sl.8. 

Dev. Dev. ----- 
5.1 ----- 
2.3 ----- 
4.2 ----- 
3.8 ----- 
3.5 ----- 
3.1 ----- 
2.1 ----- 
2.0 ----- 
1 .5 ----- 

.1 ----- 

Dev. ----- 
5 .0  ----- 
3.1 ----- 
4.0 ----- 
3.4 ----- 
3.2 ----- 
3.5 ----- 
4.2 ----- 
5.0 ----- 
2.9 ----- 

. 1  ----- 

Dev. --..-- 
1.4 ----- 
2.4 ----- 
1.6 ----- 
2.6 ----- 
2.7 ----- 
2 .  Y ----- 
3.9 ----- 
4.1 ----- 
2.0 ----- 

.1  ----- 
a a 

TOTAL TROPOSPHERE 48.7 13.0 -171.5 

Average r a d i a t i v e  convergence p r o f  i 1 es and c l oud  t op  pressure d i  s t r i b u -  
t i o n  f o r  t he  Southeast sec to r  o f  t he  GATE 8-sca le  a r ray  f o r  September 
12 1974 ( J u l i a n  Day 255). Standard d e v i a t i o n s  represent  the v a r i -  
ab- ry i n  space of t he  24 hour  means trom one 1/2 degree l a t i t u d e  t,y 
1. egree l o n g i t u d e  area t o  another.  



- - - -- - . 
PRbSSUKE 

(at>) DTSTRIRUTION (X) 

S L ~ .  
Drv. -..--- 

16.7 --- - - 
7.8 ----- 
2.4 ----- 
2.0 ----- 
2.7 

-Lk!z- ---- - . - -- 
RADIAl'IVl. LONVERGBNCE (t) / IIIVEKGENCE (-) 

(watts per square meter per layer,  Ap) 
SHOKlWAVE -- I .!lN_GOkV& -- TOTQ 

Me411 Std. Mean btd. Mean btd. 
Uev. Dcv. Dcv. 

a ----- - a -,,,, - -  a --,-- ----- 
a 4.0 2.5 a -11.4 7.3 -7.4 
a ----- ----- a ----, - -  a ---,- 

5.0 ----- 
a 7.0  2.4 -18.9 
a ----- ----- a ----- - -  2.9 a a -11.9 ----- 1.5 

- - m e -  

* 10.5 1.8 -23.1 ----- ----- ----- 4.1 a -12.7 ----- a ----- 2.7 ----- 
a 10.3 2.6 a -24.3 
a ----- ----- a ----- 5.1 a -14.0 ----- a ----- 3.0 ----- 
* 10.0 3.2 + -26.5 6.3 -16.6 3.7 

TOTAL 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  t he  Southeast sec to r  o f  t he  GATE B-sca le  a r ray  f o r  September 
13, 1974 ( J u l i a n  Day 256). Standard d e v i a t i o n s  rep resen t  the v a r i -  
a b i l i t y  i n  space o f  the 24  hour  means f r m  one 1 /2  degree l a t i t u d e  by* 
1 /2  degree l o n g i t u d e  area t o  another.  

-- 
PRESSURE CLOUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 

DISTRIBUTION (2) (watts per square meter per layer,  Ap) 
SHORTWAVE -- I.ON(XJilVE TOTAL 

Std. Mean Std. Mean Std. Mean Std. 
Dev. Dev. Dev. ~ P V  

I no ---- ---__ 
6.9 ---- 9 ? 

200 ----- 
8.4 

300 w--- 
8 . 3 ----- 

7.5 
400 ---- 5 .5  ----- 
500 

12.5 ---- 5.9 ----- 
16.6 

600 ---- 3.6 ----- 
700 

150: --- 6.1 ----- 
12.9 

800 ---- 7.6 ----- 
900 

7.8 ---- 5.1 ----- 
5.5  

I--- 
4.4 

EC& ----- 
1012 

6.3 -- -- 7.4 ----- 
TOTAL TWJPOSPHERE 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t o p  pressure d i  s t r i  bu- 
t i o n  f o r  the Southeast sec to r  of the GATE 8-sca le  a r ray  f o r  September 
14, 1974 ( J u l i a n  Day 257). Standard dev ia t i ons  rep resen t  the v a r i -  
, d b i l i t y  i n  space o f  the 24 hour means froin one 1/2 degree l a t i t u d e  by 
1  /2 degree l ong i t ude  area t o  another.  

PRESSURE 
(mb) 

CLOUD TOP 
DISTRIBUTION (X) 

ean Std. 
Dev. ----- 

.O ----- 

.5 ----- 
0 3 .6 

RADIATIVE CONVERGENCE (+) / DIVERGENCE 
(watts per square meter per layer,  Ap) 

SHORTWAVE 1.ONGWAVE 
Mean Std. Mcan Std. 

Dev. Dev. ----- ----- U ----- ----- a 
2.7 .I) -5 .8  .O ----- ----- U ----- -,,-- a 
5.4 e l  0 -15.0 ----- ----- a ----, 

. 3  
--,-- a 

10.8 e.2 -23.0 4 ----- ----- a ----- -,,-- 
11.8 0 3  -24.8 .7 ----- ----. a ----- -,--- a 
12.1 .7 -32.6 4.2 ----- ----- a ----- -,--- • 
12.3 1.7 * -34.6 4.2 0 ----- ----- a ----- -,--- a 
9.6 1.0 -32.4 2.5 

TOTAL 
Mean Std. 

Dev. ----- 
.O ----- 
03 ----- 
.4 

w---- 

.6 
I---- 

3.7 
----.I 

2.7 ----- 
2.1 

a a a 
TOTAL TROPOSPHERE * 79.0 2.0 -212.9 2.7 * -133.8 3.0  

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t o p  pressure d i  s t r i b u -  
t i o n  f o r  t he  Southeast s e c t o r  o f  t he  GATE 8-sca le  a r ray  f o r  September 
15, 1974 ( J u l i a n  Day 258). Standard d e v i a t i o n s  rep resen t  the v a r i -  
a b i l i t y  i n  space o f  t he  24 hour  means from one 1/2 degree l a t i t u d e  by 
1/2 degree l o n g i t u d e  area t o  another.  



Average r a l i a t l v e  cor,vcrgence p r c f i l e s  an0 C!G!J'I top  pressure O i s t r i ~ u -  
t i c r ,  f s r  tr!e ',b;l?tsei;? sector  ~t V,e L:Tt 5 - r r a l e  a r r i j  f c ~ r  :e~t4r ->er  
16, 1374 ( J u l i a n  Lay i f i t .  5tar1airra aev i i r r io r15 represent  UI€ v a r l -  
a u i l i t y  i n  space cf the  24 hcur weans t r u n  at 112 degree l a t i  tude by 
I 1 2  rlegrrc l o r q l t u r l ~  area t o  another .  

- -- 
-138- -- 

> :;, I~ :. RZ '.UlCir :LP P X L I X T l j l E  V.li;'II"nGENC!: ' + j  ! L!Si?"T;IOCC (-j 
(GDI 5 1 5 T P Z 3 : , ' T I ~  121 fw::rts per square uc:er :er l a y e r .  by) 

SHr)?.Tr'A';t -- ~,c,! i ( , i  &,YE 
.. . . Keb:. ! ? r : j . .  5rC. Me s r. , ~.,. !'d2 z;. St;. 

*).:..* . 5:. i. , I. : . -. 
1 5 5  - - - -  - - - - -  . ----- - - r - -  ' - - - - -  - -  ---..- 

2.; 1.6 - 5 . 7  2 . 5  * - 5 . 3  5 .  ? 6 .  * 
7 ; ---- ----- ----- - - - - -  - - - - -  - -  ---..- 

- 
WkSSURE C.ZOI?U 7'0P RAUIATIYE COhiLRtENCE (+) / LIVLkCENCE ( - j  

(mb) IIISTRIHUTIOR ( 2 )  (untrs per square r a r i e r  per l a y e r ,  Lp) ".., ",- .,.. & - .  ' ' ! ' f  '#? ' . .  , t>  ,. A r v : . . .  -- - .- -- I , . I  ,nr . .  L --- - -- - 
!!e:, r> !; t .! . !<c:>:. I't:,.: s t t  

-- 

-- ?r i7 l i  
. . - -... 
I...: . - - - - -  

2 . 9  ----- 

T O T A L  TROPOSPHERE 65.2 15.1 -1a6.6 16.9 -121 5 f 
bverdge r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i c n  f o r  the 5outheast  sector  o f  the GCTk B-sca le  dr ra f  f c r  September 
17, 1474 ( J u l i d n  [JOY 260). Starlndra aev ia t i ons  rcpreser l t  t t ~ e  v a n -  
a b i l i t /  i n  space o f  the 24 hour  nleans f r m  one 1/L degree l d t l t u d e  by 
I/L rl(:gree l u n y l  tuck area t o  nnothr.r. 

2 5 . 6  6.7 12.4 3 . 3  . - 2 5 . 1  c . ;  , - 1 3  - -  --- ? 0 'J ---- ----- ----- ----- . ----- 
i9.3 5 . 0  10.5 3.0 - 7 7 . 2  3.6 -la - -  --- 4e') ---- ----- ----- ----- * ----I 

15.6 a.5 6.4 3.3 -75.5 4,6 -14 
r---- --- 5 r, 0 ---- r---- ----- ----- -----  

9.5 2.7 3.7 d . 1  -15.2 3.3 -15 
h ?  O ---- ----- ----- ----- ----- - -  --- 

7 ,  'I 3.5 1.6 1.9 -1Sa'I 5.0 -13 
7 7 0  - - - - ----- -,--- ----- ----- - -  --- 

5 . 9  S . ?  .9  1.2 - 1 3 . L  4.0 -1.2 
P 'J 0 - - - - ----- ----- ----- . ----- - -  r-- 

2.5 2.C - 3  .5 -lo,& 1.5 -10 --_-- " --- 90') ---- ----- ----- ----- ----- 
2 . 5  3.2 a - 1  a 1  -5.1 .5 - d  - -  --- l n n n  ---- ----- ----- ----- ----- 

.- - 
I'RESSIIRK CWUI I  TOP 

(mt) .bISTRIBUTION (%) 

? 6 .  ----- 
6 2.3 ----- 
! 4.4 ----- 
6 5.1 - ----- 
4 5.1 - ----- 
6 4.2 - ----- 
1 - 1.4 ----- 
0 - , Y - -__-  

Mean S L ~ .  
lJ'?V. ---- ----- . -9 ---- .4 ----- 

1 98 ---- 1.4 ----- 

T O T A L  TROPOSPHEHE 

- 
RADIATIVE CDWERCENCE (+) / DIVERGENCE -7- (-) 

(watts per  square meter per layer, b p )  
S R O R ~ k V E  -- I.O:;f;HA'IE -- TOTAI. 

Mean Std. idran S t d .  !,lea1 
Dev. "---- 

.0 ----- 

.O ----- 

. 1  ----- 
0 1  ----- 
. 3  ----- 
1s ----- 
.7 ----- 

1.3 ----. 
1 e 5  ----- 

.O ----- 

S t , ] .  
Dev. - - - - -  

.1 ----- 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  top pressure d i  s t r i b u -  
t i o n  f o r  the Southedst sec to r  o f  the LATE 8 -sca le  a r ray  f o r  September 
I%, 1974 ( J u l i a n  Uay 261 ). Stdndard d e v i a t i o n s  represent  the v a r i -  - I t y  i n  space o f  the 24 hour cneans from one 1/L degree l a t l  tude by' 

degree l o n y i  tude area t o  another.  



3.11 D 

Th 

of t h e  

wave an 

of t h e  

S tandar  

from on 

--- 
PKESSURE 
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TOTAL 

PRESSURE 
(mb) 

roo 

LY 24 HOUR MEANS OVER THE SOUTHWEST SECTOR OF THE GATE B ARRAY 

fol lowing 20 t a b l e s ,  on pages 139 t o  145, g ive  v e r t i c a l  p r o f i l e s  

i l y  24 hour means of t h e  cloud top  d i s t r i b u t i o n ,  shortwave, long- 

t o t a l  r a d i a t i v e  divergence. The domain i s  t h e  southwest s e c t o r  

.TE B a r r a y  dur ing  Phase III and t h e  v e r t i c a l  r e s o l u t i o n  i s  100 mb. 

dev ia t ions  r ep re sen t  t h e  v a r i a b i l i t y  i n  space of t h e  24 hour means 

1 /2  degree l a t i t u d e  by 112 degree longi tude  a r e a  t o  another .  

CLOLII) TOP 
DISTKIBUTION ( X )  

S t d .  

RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 

( w a t t s  p e r  s q u a r e  l n e t a r  p e r  l a y e r ,  Ap) 
SHORTWAVE I.ONCWAVE TOTAL 

M e a n  S t d .  M e a n  S t d .  M e a n  S t d .  
D e v .  ----- a ----- 

.1 a -10.0 ----- a ----- 
0 6  a ,,,,, a :2:: 

1.6 * -38.2 
r---- a ----- 

1 * 1  j -34.7 ----- ----- 
4.0 4 -22.1 

-r--- a ----- 
3.3 * -9.9 

----r a ----- 
' 9  * -8.3 ----- a ----- 
- 2  a -8.7 -,--- a ----- 
.o  * - 8 * 5  ----- a ----- 
.O a -4.1 

r---- ----- 

D e v .  
-,--- a ----- 

5.2  +I -6.8 ----- a ----- 
3.0 a -1218 
-,--- 4 ----- 

7.3 a -24.0 
r---- a ----- 

5.5 -22.4 
-,--- . ----- 

7.0 a -1310 
r---- ----- 

3.1 -6.3 - -  a ----- 
1.3 * 97.7 
-,--- 4 r---- 

- 9  4 -8.6 
a ----- 

1.0 a -8.5 
I---- . ----r 

.1 4 -4.1 
-,--- a 9-m-m 

a 

Average r a d i a t i v e  convergence p r o f i l e s  and c loud top pressure d i s t r i b u -  
. t i o n  f o r  the Southwest sector  o f  the GATE 0-scale array f o r  August 

30, 1974 ( J u l i a n  Day 242). Standard deviat ions represent the v a r i -  
a b i l i t y  i n  space of  the 24 hour tileans trom one 1/2 degree l a t i t u d e  by 
1/2 degree longi tude area t o  another. 

- -- 
CLOUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 
P I S T R I B U T I O N  ( X )  ( w a t t s  p e r  s q u a r e  m e t e r  p e r  l a y e r ,  Ap) 

S t d .  
SHORTWAVE 1.ONr.WAVE TOTAL 

M e a n  
- 

~ t d .   eon--- S L ~ .  M e a n  ~ t d  
Dev. ----.. . % ----- 
1.5 ----- 

.5 
----I 

.9 ----- 
1.4 ----- 
2.0 ----- 
2.5 ----- 
2.9 ----- 
3.2 ----- 

.1  ----- 
9.8 

D e v .  ----- 
.2 ----- 

1.3 ----- 
1.2 ----- 
1.7 ----- 
2 7 ----- 
2.3 ----- 
4.1 ----- 
3.6 ----- 
2.5 ----- 

.1 ----- 
6.2 

Average r a d i a t i v e  convergence p r o f i l e s  and c loud top pressure d i s t r i b u -  
t i o n  f o r  the Southwest sector  o f  the GATE B-scale array f o r  August 
31, 1974 ( J u l i a n  Day 2 4 3 ) .  Standard deviat ions represent the v a r i -  
a b i l i t y  i n  space o f  the 24 hour means trom one 1/2 degree l a t i t u d e  by 
1 /2 degree 1 ongi tude area t o  another. 

D e v .  ----- ----. 
-3.1 ----- .1 ----- 

.4 - Y * 3  ----- ----- 
-13.4 ----- 1.1 ----- 
- 1 6 * 1  ----- 2.0 

--o-- 

-20.5 ----- 3.1 ----- 
919.4 ----- 1.9 

-I--- 

-22.2 ----- 3.0 ----- 
-17,7 ----- 2.2 ----- 

-9.5 ----- 1.6 ----- 
-3.9 ----- .1  -.--- 



Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  the Southwest sec to r  o f  t he  GATE B-scale a r ray  f o r  September 
1, 1974 ( J u l i a n  Day 244). Standard dev ia t i ons  rep resen t  the v a r i -  
a b i l i t y  i n  space o f  t he  24 hour means from one 112 degree l a t i t u d e  by 
1/2 degree l o n g i t u d e  area t o  another.  

-. - -- 
-140- -- 

PRESSURE CLOIIU 10P RADIATIVE CONVERGENCE (+) / DIVERGENCE (-1 
(mb) DISTRIBUTION (2)  (watts per square meter per layer,  Ap) 

SHOKTWAVE 1.ONGWAVE 
Mean Std. Mean Std. Mean Std. b a n  

Dev. Dev. Ilev. 
100 - - - - ----- a ----- " a -I--.. . a ----- 

0.0 0.0 $3 2.7 .O - 5 . 8  ---- ----- a ----- ----- a ----- . o  a -3.1 
POU - -  a '--,-- 

m0 . O  * 5.3 01 -14.9 
300 ---- ----- a -,--- --r-- a ----, . O  -9.5 - -  a ,---- 

r 2  ---- 4 * 10.7 ----- . ----- e l  * -22.R . 2  + -12.1 ----- + ----- 400 ----- . ----- 
.7 ---- 1.1 a 11.5 ----- . -,,-- .2 * -24.3 

500 ----- a ----- .8 + -12.8 
-,--I + ----- 

2.3 2.0 * 11.3 .2 a -37.7 ---- ----- * ----- 1.5 a -16.4 
600 ----- ----- -,--- + ----- 

3 a 6 2.4 10.1 .S * -29.n 
700 _--- ----- a ----- ----- a --..-- -,--- a ----- 1.1 * -1tl.9 

5.5 2.5 9.3 - 8  -34.3 
800 ---- ----- a ----- ----- + ----- ----- 1.2 ; -25.1 ----- 

9.5 ?.a + ---- 8.6 ----- + ----- .8 * -32.6 900 ----- + ----, 1.8 '24.0 
-,--- . ----- 

21.0 2.8 a~ 7.8 1.0 -20.4 ---- ----- + ----- ----- a ----- 1.7 * -12.6 
-,--- a ----- E ~ E P R  57.4 8.9 a 

10 12 ---- ----- + ----- ----- a ----- 0 5  e l  a -3. - 4 8 1  ----- . *___$ 
a a * . + a 

TOTAL TROP0SPHERE * 77.8 1.5 -215.9 1.2 * -138.1 

- -- -- - - - -- - . - . . 
PPKSSURE CI.OUD TOP RADIATIVE CONVERGENCE (+) / I)TVEKGEN(:F. (-) 

(mb) DISTRIBUTION ( X )  (watts per square meter per layer,  hp) 
SHORTWAVE LONGWAVE --- TOTAL 

Mean Dev. Std. Mean Dov. Std. Mean Dev. Std. Mot. I_--- n S L ~ .  Dev . 

-- TOTAL 
Std. 
Dcv. ----- 

. o  ----- . 0 
- -me-  

.1 ----- 
- 6  

I---- 

1.6 ----- 
1 .o ----- ----- . 7  

1.4 ----- 
1 I* 

--I-- 

.1  ----- 
1.3 

- 
a 0 

TOTAL TROPOSPHERE + 50.9 7.5 -160.1 7.7 : -109.2 

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  top pressure d i s t r i b u  
t i o n  f o r  t he  Southwest sec to r  o f  t he  GATE B-sca le  a r ray  f o r  September 
2, 1974 ( J u l i a n  Day 245). Standard d e v i a t i o n s  rep resen t  the v a r i -  
ab i  1 i t y  i n  space o f  t he  24 hour  means frail one 112 degree l a t i t u d e  by 
11L degree l o n g i t u d e  area t o  another.  

- 
PRESSURE CLOIJD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 

(etb) DISTRIBUTION ( X )  (watts per square meLer per layer,  Ap) 
- - .  

SHORTWAVE LONGWAVE TOTAL 
Mean Std. Mean Std. Mr.. S t d .  Mean Std. 

Dev. Dev. Dev . Dev. - u ---..- 
.7 * - 3 , , 2  - -  a ..--..- 

TOTAL 

04 . - 9 6  -,--- --- 
2.1 * - 1 3 5  
-,--- a --- 

7.8 + - 2 9 5  ----- + --- 
4.4 -24 ----- . --- 
6.2 4 -16 ----- 4 --- 
5.7 + -14 ----- 0 --- 
3.0 * -9 
-,--- * r-- 

95 

. TROPOSPHERE 

- - - 
8 - 
2 - 
2 
r 

0 - 

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t op  pressure d i s t r i b u -  
t i o n  f o r  the Southwest sec to r  o f  the GATE B-scale a r ray  f o r  September 
3, 1974 ( J u l i a n  bay 24b). Standard dev ia t i ons  rep resen t  the v a r i -  
a b i l i t y  i n  space o f  t he  24 hour m a n s  from one 112 degree l a t i t u d e  by 
1 / 2  degree l ong i t ude  area t o  another.  

----- a -:I..! 
.1 4 - 4 , l  ----- * *--.,- 

a 
0 

4.2 * -131a3 
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I'HESSIIKE R A D I A T I V E  CONVERGENCE (+) / DIVERGENCE (-) 

DISTRIRLITION ( X )  ' (watts per square meter per layer,  Ap) 
SHORTWAVE LONCWAVE 'I'OTAL 

S t d .  Mean S t d .  Mvan S L ~ .  
D e v .  Dev. D e v .  - -  o ----- -,--- a ----- - -  a ----- ----- 

13.1 0 4.8 1.5 -ZJ.h 717 -1d.8 ----- 0 ----- - -  * r---r 
6 . 8  ----- ----- ----- 

8.R a 10.8 3.2 0 -20.6 3.8 * -9.8 3.4 ----- ----- ----- 0 ----- - -  a ----- ----- 
1.0 -19.5 3.0 -9.4 ----- * ----- - -  a ----- 2.2 ----- 
3.0 * -16.2 4 4  a -9.0 2.1 ----- a ----- - ----- ----- 
3.4 -15.7 5.6 * -9.9 ----- 4 ----- - -  a ----- 2 7 

--I-- 

3.0 * -14.9 6.0 * -10.4 
r---- 0 ----- - -  a ----- 3.1 ----- 

3.7 2.8 -15.2 6.4 -11.5 ----- ----- 3.7 
4 * 3  :: ----- ---- - ----- * ----- -.--- 
4.1 2.4 2.0 * -11.8 4.5 a -9.4 - -  ----r 

2 s 6 
a ----- ----- a ----- ----- 

3.9 * 1.3 1.3 -6.1 2.4 * -4.8 ----- t ----- - a ----- 1.3 ----- a ----- I---- 

7.4 a .1 .I -3.9 .1 * -3.8 .1 ----- * ----- ----- a ----- - -  a ----- ----- 
a . 

100 

200 

300 

400 

500 

h00 

700 

ROO 

900 

l n o o  
CLEAR 
i n 1 2  

t a a a 
TOTAL HOPOSPHERE 0 50.8 12.3 0 -147.5 22.3 * -96.7 10.8 

Average rad ia t ive  convergence p r o f i l e s  and cloud top pressure di s t r ibu-  
t i g n  f o r  the Southwest sec to r  of the  GATE B-scale array f o r  September 
4, 1974 ( Ju l i an  Day 247). Standard deviat ions represent  the vari-  
a b i l i t y  i n  space of the 24 hour means from one 1/2 degree l a t i t u d e  by , 
1/2 degree longitude area t o  another. 

CLOUD T O P  
D I S T R I B U T I O N  (X) 

R A D I A T I V E  CONVERGENCE (+) / DIVERGENCE (-) 
per square meter per layer,  Ap) (watts 

, SHORTWAVE -- 
Me2n S t d .  

1.ONC.WAVE TOTAL -- 
Mean Std. Meo n Std. Mean S t d .  

Oev. ---- ----- 
16.4 16.2 ---- ----- 
20.8 8.0 ---- ----- 
16.R 5.4 
--p- ----- 
15.7 4.7 ---- ----- 
12.5 ---- 5.9 ----- 

0 a 6 4.6 

D r v .  .---- ----- 
5.6 5.5 ----- ----- 
9.3 ----- 4.3 ----- 
9.7 4.4 ----- ----- 
8.3 ----- 5 .  1 ----- 
7.9 ----- 5.5 ----- 
6.3 ----- 5.5 ----- 
3.8 ----- 4.4 ----- 
1.5 ----- 2.1 ----- 
.5 .9 .---- ----- 
.O .O ----- ----- 

100 

700 

300 

400 

500 

600 

700 

ROO 

900 

TOTAL T OPOSPHEHE 1 
Average rad ia t ive  convergence p r o f i l e s  and cloud top pressure d i s t r ibu-  
t ion  f o r  the Southwest sector  of the GATE B-scale array f o r  Septenlber 
5 ,  1974 ( J u l i a n  Day 240) .  Standard deviat ions represent  the va r i -  
a b i l i t y  i n  space of the 24 hour llieans t ro~n one 1/2 degree l a t i t u d e  by 
1/2 degree longitude area to  another. 

SHORTWAVE 
~eao-'- S t d .  

- I 

To_T& 
M ~ X I I I  S t d  

PRESSLIRE 
(mb) 

D c v  . ----- 
2.4 ----- 
1.2 ----- 
2.1 

--- 
CLOUD T O P  R A D I A T I V E  CONVERGENCE (+) / DIVERGENCE (-) 
D I S T R I B U T I O N  (X) (watts per square meter per layer,  Ap) 

Average rad ia t ive  convergence p r o f i l e s  and cloud top pressure d i s t r ibu-  
t ion  f o r  the Southwest sec to r  of the GATE B-scale array f o r  September 
6 ,  1974 ( Ju l i an  Day 249). Standard deviat ions represent  the vari-  
a b i l i t y  i n  space of the 24 hour means from one 1/2 degree l a t i t u d e  by 
1/2 degree longitude area t o  another. 
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YRESSURE CI.OIJD TOP RADIATTVE CONVERGENCE (+) / DIVERGENCE ( - I  

(mb) DIS'I'RIHUTION (2) (watts per square meter per layer,  Ap) 
SHOI<TWAVI: LONCWAVE - 

Mean S t d .  Mean S t d .  Mean S t d .  Mua 
D e v .  D e v .  D e v .  

100 ---- ----- 41 ----- ----- a ----- -,--- e ---..- 
0.0 0.0 a 2.8 .1 * -5.R 

200 ---- ----- * ----- ----- * ----- *O a - 3 0 1  - -  * - -ma . -  

.? .5 505 .3 * -15.2 e2 - 9 7  

- 

TOTAL 
i S r d .  

D e v .  ----- 
e l  ----- 
e l  

- - - -- -- - - - - . 
PRESSURE C1,OUD TOP RAIIIATIVE CONVERGFNCE (+) / DIVERGENCE (-) 

(mb) D I S T R I B U T I O N  (%) ( w d t ~ s  per square meter per layer,  Ap) 
SHORTWAVE -- LONCIJAV-E 

Mean S t d .  Mean S t d .  Ilean S L ~ .  Mvan 
D e v .  D c v .  D e v .  

100 ---- ----- * ----- ----- * ----, -,--- a --.-- 

. 

TO1 AL 
S t d .  
D e v .  ----- 

- 
PRESSURE CLOUD TOP RADIATIVE CONVERCENCE (+) / DIVERGENCE (-) 

(mb) ' D I S T R I B U T I O N  (%) (watts per square meter per layer,  Ap) 
SHORTWAVE I.ON(:WAVE 

Mean S t d .  Me.tn S t d .  Mc.ln S L ~ .  
D e v  . D c v .  D t v .  

100 ---- ----.. . ----- ..---- * ----- -,--- * 

300 ---- ----- a ----- ----. . ----- - .-- 
• 6 1.0 * 11.0 04 * -23.4 16 a -12 

400 ---- ----- . e m - - -  ---r- • ----- -,--- * --- 
2.R 3.1 12.0 0 2  * -26.1 ----- ----- --- ----- * r---- 

1.8 : -14 
500  ---- ----- 

13.9 4.1 12.3 .4 a -36.8 3.0 * - 2 4 3  
600 ---- ----- ----- ----- * ----- I,--- --- 

17.1 4.5 12.1 1.5 -34.9 2.7 * - 2 2 8  
700 ---- ----- ----- ----- * ----- om--- 0-- 

16.9 4.7 10.3 1 * -30.9 3.9 . -20 
-,,-- . --- ROO ---- ----- . ----- ----- . r---, 

14.4 3.1 7.9 1.9 * -22.6 3.3 # -14 ----- I --- 900 - - - - ----- a ----- ----- . ----- 
19.3 5.3 a 5.4 1.9 * -10.9 1.5 * -5 ----- a ---.- 1000 ---- ----- 0 ----- ----- ----- 

TOTAL 
Moan S t d .  

D c v .  
-I--* --..-- 

- ----- 
4 14 - I---- - 1 * 6  
1 _ _ _ _ _  

2.n - ----- 
2.8 - ----- 

5 - 2.9 ----- 
7 - 1.9 ----- 
6 1.1 ----- 

e l  e l  * 2.9 .1 * -5.9 * 1  - i I .1 e l  
200 ---- I---- ----- ----- . ----- ----- 

2.9 5.9 
3 *5  : ----- - 6  * -16.2 ----- ----- ----- .9 

I 0 0  ---- ----- 
9.6 4.9 * 11.5 .7 a -28.4 2.3 

400 ---- ----- . ----- ----- a ----- ----- 
20.8 12.2 .4 -37.4 ---- ----- a * ?  : ----- 3.9 

500 ----- a ----- ----- 
21.7 5.3 13.1 2.2 * -36.9 ----- . ----- ----- . ----- ----- 0 - - I - -  

3.3 
600 ---- ----- 

15.6 4.6 * 10.5 2.4 * -25.0 6.5 -14.5 - . --,,- 4.9 
700 ---- ----- * ----- ----- a ----- I---- 

10.8 4.2 : 7 6 3.1 -10.3 5.4 - L C - 7  2.9 
A00 ---- --- - - -- - - - ----- . ----- ----- 

6.8 3.2 * 4.8 2.5 a -13.0 ----- me- - -  ----- • ----- 1.2 
900 ---- -em-- 

7.4 5.0 * 3.5 2.3 * -9.7 1.3 

e,n!!R 
---- ----- * ----- ----- 0 ----- ----- 

4.2 4.7 .I * - 4 * 1  -_--- ----- .2 
1n12 ---- ----- . ----- ----- . ----- * a 0 

a * a 
TOTAL TROPOSPHERE 4 72.1 1.6 -194.9 8.1 * -12a.8 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  t he  Southwest sec to r  o f  t he  GATE B-sca le  a r ray  f o r  Septel~lber 
8. 1914 ( J u l i a n  Day 251). Standdrd dev ia t i ons  rep resen t  the v a r l -  
a b i l i t y  i n  space o f  t he  24 hour means from one 1/2 degree l a t i t u d e  by 
1 /2 degree l o n g i t u d e  area t o  another.  

1.2 2.0 3.5 .S . - h . 5  .I3 -3.0 . 3 
200 ---- ----- . ----- ----- a ----- - -  a -I--- ----- 

10.5 be2 : 9.4 2.6 -19.2 1.1 
300 ---- ----- ----.I ----- * ----- ----- 

22.9 11.2 f 12.8 1.1 -35.4 6.1 
400 ---- I---- ----- ----- . ----- ----- 

21.4 ----- 9.3 5 e 1  : ----- 2.I  -33.6 3.1 
500 ---- ----- ----- ----- 

CLEAR 12.6 5.4 • .I 0 1  -3.8 -3 
1012 ---- ----- a ----- ----- . ----- ! : ,--r- 

a . . . 
TOTAL TROPOSPHERE * 79.4 5.1 -210.3 2.9 @ -130 ,~Y 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  top pressure d i s t r i b u -  
t i o n  f o r  the Southwest sec to r  o f  t he  GATE U-scale a r ray  f o r  September 
7 .  19/4 ( J u l i a n  Day Z ' J U ) .  Stdndard deviations represer l t  t t te v a r i -  
a b i l i t y  i n  space o t  t l i e  24 tlour rlleans tronl one 1 /2  degree l a t i t u d e  by 
1 /2 degree 1 ongi tude drea t o  another.  

----- 
4.5 

18.6 5.6 * 7.2 3.9 * -30.4 ---- ----- * ----- ----- * -r--- ----- . 600 
14.3 7.1 * 4.5 3.7 * -19.8 7.4 * ---- ----- * r---- ----- 0 ----- -,--- . 700 

7.1 4.8 * 2.1 2.4 0 -12.8 3.5 * ---- r---- * ----- ----I ----- -,--- a 800 
2 • 6 2.6 : .7 - 9  * -9.1 1.0 * ----- -,--- * 900 ---- ----- ----- ----- 
1.0 - 2  0 4  * -8.5 .4 ----- -,--- . 1000 ---- : ----- 0 . ----- 

CLEAR a i! .3 0 .O .O * -4.1 .O * ----- . ----- ----- ----- 1012 ---- - . 
a a *. 

a a 
TOTAL TROPOSPHERE = 49.8 10.6 a -179.4 11.4 a 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oua  t o p  pressure '  d i  s t r i b u -  
t i o n  f o r  t h e  Southwest s e c t o r  o f  t he  GATE B-sca le  a r ray  t o r  September 
9, 1974 ( J u l i a n  Day 252). Standard d e v ~ a t i o n s  rep resen t  the v a r i -  
a b i l i t y  i n  space o t  t he  24 hour  means from one 1/2 degree l a t i t u d e  by 
112 degree l o n g i t u d e  area t o  another.  

7 .1 _ 
3.1 

-I--- 

5.6 ----- 
-15.3 -..--- 4.5 ----- 
-10.7 -.--- 2.1 ----- 

-8.4 ----- .9 ----- 
-8.3 -.--- .6 ----- . 0 -.--- - 4 * 1  --__- 

-129.6 4.0 
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CLOUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 
DISTRIBUTION (%) ( w a t t s  pe r  squa re  meter  p e r  Layer,  Ap) 

SHORTWAVE -- LONGWAVE -- TOTAL 
Medn Std .  Me.111 

Drv. Drv. 

S td .  
Drv. ----- 

.3 ----- 

.I 

Average rad ia t ive  convergence p r o f i l e s  and cloud top pressure d i s t r ibu-  
t i o n  f o r  the Southwest sector  of the GATE 0-scale  array fo r  September 

,1U 1974 ( Ju l i an  Ddy 253). Standard deviat ions represent  the vari-  
a b i l i t y  i n  space of the 24 hour means from one 112 degree l a t i t u d e  by 
112 degree longitude area to  another. 

- ---- 
PRESSURE ---I (mb) CLOUD DISTRIBUTION TOP (2) ( w a t t s  pe r  sqirare nieter p e r  l a y e r ,  Ap) 

RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 

Std .  
Dev. 

SHORTWAVE 1.ONCWAVE TOTAL M~~;T----- -- 
Mean Std .  S td .  Mci~n  S td 

Dcv. Dcv. Dev. 

SHORTWAVE. LONGWAVE --- TOTAL -- 
Std .  Mean S td .  Mean Std .  Mean 

100 

200 

300 

400 

500 

600 

700 

R O O  

- - ---- .---- a ----- ----- a ----.. - -  a ----- 
4.7 5.4 * 2.7 r O  a - 8 . 4  3.2 a -5.7 ---- . a -I--- -,--- 9 ---a- - -  ----- 
5.0 5.4 -16.5 1.5 * -11.1 ---- 3*5 :: ----- ----- : : - ---, ----- a ----- 
4.9 2.4 a 10.7 .3 -23.9 1.6 -13.2 ---- ----- a ----- ----- ----- - -  a ----- 
5.8 3.1 * 11.5 02 -25.4 1.6 -13.9 

c--- ----- a ----- ----- a ----- - -  a ----- 
s.0 2.0 11.2 1.2 -15.1 ---- ----- a ----- : : -2h03 ----, ----- ----- 
8.9 2.9 10.0 .4 -27.3 lr9 * -17.3 ---- ----- a ----- ----- a ----- -,--- a ----- 
9.1 2.2 9.0 .5 -28.5 3.9 -19.5 ---- ----- a ----- ----- * ----- - a ----- 

Std .  
Dev. ----- 
3.5 ----- 
1.9 ----- 
3.4 ----- 
3.7 ----- 
3.0 

100 ---- 
18.6 ---- 100 
26.3 ---- 100 
17.2 

400 ---- 
12.0 

500 ---- 
7.7 ---- 600 
7.1 

700 ---- 
5.4 

R O O  ---- 
3.3 

900 ---I 

I .2 
1000 ---- 
C1 EAR 1.4 
1012 ---. 

TOTAL 

3.4 8.5 m9 -24.6 4.7 -16.1 
qn o  ----- a ----- ----- a ----- - -  a ----- 

3.3 a 7 . 9  1.2 -14.5 2.8 a -b.6 
i n o o  ----- ----- ----- a ----- - -  a ----- 
CLEAR 11.9 * .5 .1 a -3.5 
1n12 ----- a ----- ----- .I a a ----- - 4 g 1  ----- a ----- . a a 

a 0 a 

Dev. Dev. Dev. ----.. U ----- ----.. * --,,, ----- a ----- 
11.7 7.7 4.2 -14.9 ----- a ----- ----- a ----, 6 1  4 -7.2 - -  a --,-- 
4.3 a 10.2 ----- . ----- 2.2 a -74.7 ----- . ----, 1.8 * -14.5 ----- a ----- 
3.1 i t  8.2 ----- a ----- 3.1 a -25.5 ----- a ---r- 

4.4 -17.3 ----- . ----- 
3.2 6 0 0 ----- a ----- 3.4 r ----- a :ti:! 4.6 -14.9 ----- 0 ----- 

5.0 
2*4 : ----- 3.4 a -17.4 4.0 a -12.5 ----- ----- a ----, ----- a ----- 
2.9 * 3.7 ----- a ----- 301 * -14.8 ----- 4 r-,,, 

3.4 -11.1 ----- 0 ----r 

2.2 2.7 2.4 -12.9 ----- ,,-,, ----- a ----- 2.3 -10.3 
-,--- a --,,- 

1.8 * 1.7 1.7 * -10.2 1.7 . -8.5 ----- . ----- ----- a ----, ----- a ----- 
1.3 .7 .9 -7.0 ----- a ----- ----- • ----, 

1.2 * - b e 3  ----- a ----- ----- . 0 
* : ----- .O a -4.0 ----- a ----- 6 1  -4.0 

r---- a ----- 
a a 

a a 
TR3POSPHEHE 

a 
46.0 11.9 -152.5 13.8 -106.5 

Average rad ia t ive  convergence p r o f i l e s  and cloud top pressure d i s t r ibu-  
t lon  fo r  the Soutl~west sec to r  of the GATE 0-scale array f o r  September 
12 1914 ( J u l i a n  Day 255). Standard deviat ions represent  the vari-  
a b i l i t y  i n  space of the 24 hour means from one 112 degree l a t i t u d e  by 
1/2 degree longitude area to  another. 

TOTAL 

--*  .- 
PRESSURE 
(eb) 

TROPOSPHERE * 77.3 1.0 1199.4 10.2 * -122rl 

Average rad ia t ive  convergence p r o f i l e s  and cloud top pressure d i s t r ibu-  
t i o n  fo r  the  Southwest sector  of the GATE 0-scale array f o r  September 
11 1974 ( Ju l i an  Day 254). Standard deviat ions represent  the vari-  
a b i l i t y  in  space of the 24 hour means trom one 112 degree l a t i t u d e  by 
1 /2 degree 1 ongi tude area t o  another. 

-- 
CLOU1) TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 
DISTHTBllTlON ( X )  (wa t t s  pe r  s q u a r e  meter  pe r  l a y e r ,  Ap) 
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PRESSURE CLOUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-1 

(mb DISTRIBUTION ( X )  (watts per square meter per layer, Ap) 
SllORTWAVE --- 1.ONCWAVE - 

Mean Std. Mean Std. Mean Std. Mean 
Dev. Dev. Dev. 

0 

TOTAL TROPOSPHERE 71.5 13.9 '+ -191.6 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t o p  pressure d i s t r i b u -  
t i o n  f o r  the Southwest sec to r  o f  t l i e  GATE 8-sca le  a r ray  f o r  September 
13, 1974 ( J u l i a n  Day 256). Standard dev ia t i ons  rep resen t  the v a r i -  
a b i l i t y  i n  space o f  the 24 hour  medns from one 112 degree l a t i t u d e  by 
112 degree l o n g i t u d e  area t o  another.  

-- 
PRESSURE CLOlJD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE ( - )  

(mi)) DISTRIBUTION (x) (watts per square meter per layer, ~ p )  I----- 
LONGVAVE ----- 

blean Std. Mc !n Std Mean Std. 
SHORTWAVE 

~ean--- Std. 
Dev. Dev. 

-*--- 
1.2 ----- 
2.5 ----- 
1.1 ----- 
2.9 ----- 
3.5 ----- 
3.4 ----- 
2 .8  ----- 
1.7 ----- 
.7 ----- 
rO ----- 

Dev. -..--- 
7 a 2 ----- 
3.6 ----- 
4.2 ----- 
7.3 ----- 
8.6 

Dev. ----- 
6.6 ----- 
2.2 -..--- 
3.8  ----- 
6.0 ----- 
6.9 

-a,--- 

5.0 ----- 
3 a 6 ----- 
1.7 ----- 
1.2 ---- - 
.1 ----- 

100 

200 

300 

400 

500 

600 

700 

A00 

900 

ln n o  
CI  F A R  
ioiz 

TOTAL TROPOSPHERE 54.0 11.4 * -160.2 22.0 : -106.l2 
Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i  s t r i b u -  
t i o n  f o r  t he  Southwest sec to r  o f  the GATE B-scdle a r ray  f o r  September 
14, 1974 ( J u l i a n  Day 257). Standard d e v i a t i o n s  rep resen t  the v a r i -  
a b i l i t y  i n  space o f  t he  24 hour  means from one 112 degree l a t i t u d e  by 
l / Z  degree long i tudeearea t o  another.  

PRESSURE CLOUD TOP RADIATIVE CONVER(;ENCE (+) / DIVERGENCE (-)  
(mb) DISTRIBUTION (2) (watts per square meter per layer, Ap) 

TOTAI. 
Sid. 
Dev. ----- . J ----- 
1.6 ----- 
1 .9 ----- 
1.5 ----- 
1.4 ----- 
3.4 ----- 
4.5 ----- 
5.0 ----- 

SHORTWAVE 
Mean Std. 

Dev. ----- ----- 
2.7 .O ..---- ----- 
5.4 .1 ----- ----- 
10.7 .2 ----- ----- 
11.6 .3  ----- ----- 
11.6 0 7 ----- ----- 
10.4 1.1 ----- ----- 

9.2 1.0 ----- ----- 
8.2 ----- 1.0 ----- 
7.6 1.2 ----- ----- 

05. .2 ----- ----I 

LON(;WAVE -. 
Mean Std. 

Dev. -..--- ----- 
-6.0 13 

---*- ----- ----- 1 e 7  ----- 
-24.7 2.1 ----- --*-- 
-26.3 ----- 1.6 ----- 
-28.4 1.6 ----- ----- 
-30.7 3 .8  ----- ----- 
-29.8 4.7 ----- ----- 
-25.2 ----- 5.3 ----- 
-15.7 ----- 4.6 ----- 
-4.0 . i! ----- ----- 

Mean Std. 
Dev. ----- a 

.a * 
- -em-  Q 

3.8 ----- . 
4.2 0 ----- 
3.6 ----- 0 
3.6 4 ----- 0 

6.1 ----- 
4.5 0 
---,- 0 

5.3 * 

100 

200 

-400 

400 

500 

600 

700 

R O O  

900 

lnoo 
CI E A R  
1012 

0 0 

TOTAL TROPOSPHERE 0 77.9 2.9 + -207.2 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t o p  pressure d i s t r i b u -  
t i o n  f o r  t he  Southwest sec to r  o f  t he  GATE 0-sca le  a r ray  f o r  September 
15, 1974 ( J u l i a n  Day 258). Standard dev ia t i ons  rep resen t  t he  v d r i -  
a b i l i t y  i n  space o f  t he  24 hour llleans f r o n  one 112 degree l a t i t u d e  by 
lL degree l o n g i t u d e  area t o  dnother.  





3.12 DAILY 24 HOUR MEANS OVER THE NORTHWEST SECTOR OF THE  ATE B ARRAY 

The fol lowing 20 t a b l e s ,  on pages 146 t o  152, g ive  v e r t i c a l  p r o f i l e s  

of t h e  d a i l y  24 hour means of t h e  cloud top d i s t r i b u t i o n ,  s ortwave, long- f 
wave and t o t a l  r a d i a t i v e  divergence. The domain i s  t h e  northwest s e c t o r  

of t h e  GATE B a r r a y  during Phase 111 and t h e  v e r t i c a l  r e s o l h t i o n  is  100 mb. 

Standard dev ia t ions  r ep re sen t  t h e  v a r i a b i l i t y  i n  space of t e 24 hour means t 
from one 112 degree l a t i t u d e  by 112 degree longi tude  a r e a  t another .  t 
- -- -- -- - -- -- 
PRESSURE CI.OUD TOY RADIATIVE CONVFKC.I<NCE (+) / 

(mb) D I S T K I B U T I O N  ( X )  ( w a t t s  p e r  s q u a r e  m e t e r  p e r  l ayer .  A p )  
SBORTWAI'E LONCWAVE 

Elean  S L ~ .  M e a n  S t d .  M e a n  SLd.  Elea S t d .  
D e v .  D e v .  D e v .  D e v .  

loo ---- ----- * ----- ----- U ---a- ----- 
14.p 8.7 * 3.1 2 -13.? 5.1 

700 ---- ----- a ----- ----- ----- ---_- 
13.2 4.3 * 6.4 .6 * -20.0 ---- ----- * ----- 3.1 

700 ----- a -..--- ----- 
16.2 5.4 0 12.3 .7 -27.5 1 .h 

400 ---- ----- ----- ----- +I ----- ----- 
19.3 6.6 13.0 .8 * -29.8 ---- ----- 0 ----- ----- 0 ----- 3.9 

500 ----- 
19.5 5.2 * 14.0 le9 * -29.4 ---- ----- ----- ----- a ----- 5.1 

600 --__- 
10.6 ---- 7.2 * 8.6 ----- * ----- 5.0 * -16.1 ----- * ----- 4.5 

700 ----- 
4.3 4.9 * 2.9 2.9 * -9.8 ---- ----- ----- ----- * ----- 1.8 

800 ----- 
2.2 3.2 * 1.2 1.7 * -8.4 .7 

900 ---- ----- c ----- ----- * ----- ----- 
a 5  1.1 * * 3  .5 0 -7.2 .6 

1000 ---- r---- * -,--- ----- * ----- ----- 
C L E A R  .O .O .O .O 0 -4.1 .O 
1n12 ---- ----- * ----- ----- * ----r ----- . . * 0 * 0 

TOTAL TROPOSPHERE * 61.8 13.9 * -165.5 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  , t i o n  f o r  the Northwest sec to r  o f  t he  GATE B-scale a r ray  f o r  August 

i 30, 1974 ( J u l i a n  Day 242). Standard d e v i a t i o n s  rep resen t  t he  v a r i -  
a b i l i t y  i n  space o f  t he  24 hour  means trm one 112 degree l a t i t u d e  by 
112 oegree l o n g i t u d e  area t o  another.  1 

PRESSURE CLOUD TOP 
(mb) , D I S T R I B U T I O N  ( X )  

M e a n  S t d .  
D e v .  

100 ---- ----- 
.0 . 1  

700 ---- ----- 
.5 ---- 1 *3 

100 ----- 
1.6 ---- 1 .A 

400 ---_- 
5.1 3.2 

500 ---- ----- 
9.6 ---- 3.2 

600 ---_- 
9.4 ---- 2.1 

TOO ----- 
1019 ---- 2.9 

800 ----- 
12.7 ---- 3.2 

900 ----- 
12.6 ---- 3.1 

E C T I I R  ----- 
37.6 11.0 

In12 ---- ----- 
T O T A L  TROPOSPHERE 

RADIATIVE CONVERGENCE (+) / DIVERGENCE 
( w a t t s  v e r  s a u a r e  m e t e r  D e r  l a v e r .  AD) . . .  

SHORTWAVE .- LONGWAVE - -. . - - 
M e a n  S t d .  M e a n  S t d .  

D e v .  D e v .  
Elea I 'OTAL S t d .  

D e v .  

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t op  pressure distr . ibu- 
t i o n  f o r  the Northwest sec to r  o f  the GATE U-sca le  a r ray  f o r  August 
31, 1974 ( J u l i a n  Day 243). Standard d e v i a t i o n s  rep resen t  t he  v a r i -  
a b i l i t y  i n  space o f  t he  24 hour  means from one 112 degree l a t i t u d e  by 
1 degree l o n a i t u d e  area t o  another.  



-- -- -- -- - 
llKL.:SSIJRE CI,OUD TOP RADIATIVE CONVERCENCE (+) / DIVERGENCE (-1 

DlSTHIBUTlON ( X )  ( w a t t s  p e r  s q u a r e  m e t e r  p e r  l a y e r ,  Ap) 
SHORTWAVE --- LONGWAVE --. ... -- TOTAL 

-7 

S t d .  Mean SLd. Mean S t d .  Mtsau S r d .  
l )ev.  1)ev. Ilev. Dev. 

l o o  

700 

70 0  

400  

500 

600 

700 

600 

900 

i n 0 0  
C l  EAR 
i d 1 2  

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t op  pressure d i  s t r i b u -  
t i o n  f o r  t he  Northwest sec to r  o f  t he  GATE B-sca le  a r ray  f o r  September i r  ' '  
1, 1974 ( J u l i a n  Day 244). Standard d e v i a t i o n s  rep resen t  the v a r i -  
a b i l i t y  i n  space o f  t he  24 hour means f rom one 112 degree l a t i t u d e  by 
112 degree l o n g i t u d e  area t o  another.  

-- 
I'KESSURE CLOUD TOP RADIATIVE CONVERGENCE (+) / DIVPRGENCE (-) 

DISTRIBUTION ( X )  ( w a t t s  p e r  s q u a r e  m e t e r  p e r  l a y e r ,  Ap) 
SHORTWAVE LONGWAVE .-- TOTAL 

Mean S t d .  Mean S t d .  
Dev. ----- 
2.9 ----- 
1  .4 ----- 
2.0 ----- 
1 .7  ----- 
1  e 7 ----- 
1.5 ----- 
1.3 ----- 
1.3 ----- 
1.1 ----- 

. O  ----- 
5.9 

Dev. ----- 
3.2 ----- 
2.4 ----- 
3.8 ----- 
3.8 ----- 
3.4 ----- 
1.5 ----- 
2.7 ----- 
3.4 ----- . 8 ----- 

.1 ----- 
4.4 

Dnv. 
---L- 

2.1 ----- 
1 .8 ----- 
3.3 ----- 
3.4 ----- 
3.6 ----- 
1  .S ----- 
1 . 9  

--c-- 

2.4 ----- 
.O ----- . I ----- 

5.1 

100 

200 

300 

400 

500 

600 

700 

ROO 

900 

ZL"P:R 
1012 

TOTAL TROPOSPHEHE 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  t he  Northwest sec to r  o f  t h e  GATE 0-sca le  a r ray  f o r  September d l  t r  

2, 1974 ( J u l i a n  Day 245). Standard dev ia t i ons  rep resen t  the v a r i -  
a b i l i t y  i n  space of the 24 hour  means f rom one 1/2 degree l a t i t u d e  by 
1 /2  degree l ong i t ude  area t o  another.  

.- --- 
PRESSURE (:I.OUD TOP RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 

DISTRIBUTION (2') 0- ( w a t t s  p e r  s q u a r e  m e t e r  p e r  l a y e r ,  ~ y )  

1 Mean S L ~ .  
SHORTWAVE LONGWAVE TOTAL 

~ e a n  
- 

s t d .  ~ein----'- s t d .  Mean s t d  
1 Dev. Dev. ----- 

.1 ----- 

.9 ----- 
2.0 ----- 
7.5 ----- 
4.1 ----- 
4.0 

a 
a 

TROPOSPHERE ' a 57 .8  

Average r a d i a t i v e  convergence p r o f  i 1 es and c l o u d  top pressure d i  s t r i  bu- 
t i o n  f o r  the Northwest sec to r  o f  t he  GATE B-sca le  a r ray  f o r  September 
3, 1974 ( J u l i a n  Day 246). Standard d e v i a t i o n s  rep resen t  the v a r i -  
a b i l i t y  i n  space o f  t he  24 hour  means from one 1/2 degree l a t i t u d e  by 
1/2 degree l o n g i t u d e  area t o  another.  



PRESSURE CI.OD1) TOP RADIATTVE CONVERGENCE (+) / DIVERGENCE (-\ 
(mb ) DISTRIBlJTION (%) (wa t t s  p e r  squa re  meter  pe r  l a y e r ,  Ap) 

SHORlWAVE 1.ONGWAVE TOTAI. 
Mean S td .  Mean Std .  Mean Std .  ~ e a d  -- s ~ d .  

Dev. Dev. ----- a ----- 
.J a -8.3 ----- a ----- 

1 -17.3 
-c--- ----- 

- 4  -25.7 ----- a ----- 
.I 4 -26.4 ----- 4 -r--- 

1.0 * -26.7 ----- . ----- 
1.4 * -26.4 ----- a ----- 
1.9 a -27.7 ----- a ----- 
1.6 -20.5 ----- . ----- 
1.8 * -17.0 ----- a ----- 

.1 I, -4.0 ----- a ----- 
a 
4 

5.7 4 -194.9 

Dev. Dev. ----- 
4.0 

" 
TOTAL TROPOSPHERE 73.6 

Average rad ia t ive  convergence p r o f i l e s  and cloud top pressure d i s t r ibu-  
t ion  f o r  the Northwest sec to r  of the GATE 0-scale array f o r  September 
4 ,  1974 ( J u l i a n  Day 247). Standard deviat ions represent  the vari-  
a b i l i t y  in  space of the 24 llour means troca one 112 degree l a t i t u d e  by 
1/2 deyree lonyitude area t o  another. 

-- 
PRESSURE CLOIJD TOP RADIATIVE CONVI!RGENCE (+) / DIVERGENCE (-) 

(mb) DISTRIBIJTION (2)  ( w a t t s  ~ e r  soua re  meter  o e r  l a v e r .  Au) , . a ,  

SHORTWAVE -- 1,ONGWAVE 
Mean Std .  Mean Std .  Mean Std .  Mea O T A  Std. 

Dev. Dev. Dev. Dev. 
I---- 

3.6 ----- 
Z . h  ----- 
3. J ----- 
3.6 ----- 
3.1 

I---.. 

3.4 ----- 
2.6 ----- 
1.5 ---- - 
1 . 6 '  ----- 

. 1  ----- 
a a 

TOTAL TROPOSPHERE 34.8 8.6 * -145.5 16.3 -110 7 10.8 

Average rad ia t ive  convergence p r o f i l e s  and cloud top pressure di s t r ibu-  
t ion  f o r  the Northwest sec to r  of the GATE 0-scale array f o r  September 
5, 1974 ( J u l i a n  Day 248). Standard deviat ions represent  the vari-  
a b i l i t y  i n  space ot the 24 hour means from one 112 degree l a t i t u d e  by 
1/2 degree longitude area t o  another. 

-- 
PRESSURE CLOUD TOP RADIATIVE CONVERCENCE (+) / DIVERGENCE (-) 

(mb) .DISTRIBUTION ( X )  ( w a t t s  per  squa re  ~ n e t r r  p e r  l a y e r ,  A P )  . . .  
SIIORTWAVK I , ~ N ( ; ~ . \ ~  TOTAL 

Mean S td .  Mean S t d .  Mea 1 -- Std .  Mean Std .  
Dev. Dev. Dev. 1 Dev. 

a 4 

TOTAL TROPOSPHERE 76.5 4.7 4 -209.4 2.3 

Average rad ia t ive  convergence p r o f i l e s  and cloud top pressure d i s t r ibu-  
t ion  t o r  the Northwest sec to r  of the GATE 0-scale array f o r  September v- 

b ,  1974 ( J u l i a n  Day 249). Standard deviat ions represent  the vari-  .. :- -- - - -  *L.. - 4  L -..- a"--- 3 .-. >,* 2 ---.. >-.<a ..A- L.. 



& .- -- ---- - -- 
CI.OUD TOP RADIATIVE CONVERGENCE (+) / IIlVI..KGI.NCE: (-) 
D I S T R I B U T 1 O N  (%) (watts per square lneter per ldyer,  Ap) 

SHORTWAVI: --- gNr ,WAlE_  -- TOTAI. 
e m  S L d .  Mean S t d .  Medn $ i d .  Mr>al~ 

100 

200 

300 

400 

500 

600 

700 

ROO 

900 

Dev. ----- 0 ." Q 

Dev. ----- 
.1 ----- 
. 3  ----- 
04 ----- . 3 

----I 

r 6  ----- 
1.6 ----- 
1.9 

Dev. ----- 
.O  ----- . b ----- . 9 ----- 

1 .tl ----- 
2.1 ----- 
2.4 ----- 
3.2 

inoo 
CLEAR 
1012 

I 0 
TOTA . TROPOSPHERE Q 7 6 . 5  

, Average radiative convergence profiles and cloud t o p  pressure distribu- 
tion for the Northwest sector of the GATE B-scale array for September 
7, 1974 (Julian Day 250). Standard deviations represent the vari- 
abi l i ty  in space of ttie 24 hour means from one 112 degree lat i tude by " 
112 aegree longitude area t o  another. 

PKI'.SSIIRE CLO111) TOP RADIATIVE CONVERGENCE (+) / 1)IVERCENCO (-1 
(nib) 1 O 1 S T R I B U T I O N  (1) (watts per square n~eter per layer, Ap) 

I Mcm S t d .  
SHORTWAVE 

Mean S ~ r l .  
I:ON_G-W_A_V_E 

Mcar~ S t d .  
TOTAL -- 

Mean S t d  
Dcv. D e v .  U o v .  !lev. 

10" 1 ---- I---- v ----- ----- U ----- - -  Q ----- ----- 
3.1 3.6  * 3.7 a 7  0 - 1 . 1  1.3 0 -3.4 8 

TOT L TROPOSPHERE 1 
Average radiative convergence profiles and cloud top pressure distribu- 
tion tor  the Northwest sector of the GATE B-scdle array for Septen~ber 
8. 1974 (Julian Day 251).  Standard deviations represent the vari- 
abi 1 i ty in space of Ule 24 hour means fro111 one 112 degree lat i tude by 
1/2 degree longitude area to another. 

-. -- 
PRESSURE 

(mb) 
RADIATIVE CONVERCl2NCE (+) / DIVERGENCE 

(watts per square meter per layer,  Ap) 
SHORlWAVE 1,ONGWAVE 

Mean S t d .  Me;~n Std. 
TOTAL - 

Mean Std. Mean S t d .  
Dev. ---- ---- - 

4 0 3.4 ---- ----- 
15.7 2 .5  

D e v .  

1.3 ----- 
2.1 ----- 
2 .3  ..---- 
2.0 ----- 
2.7 ----- 
2.6 ----- 
2.0 

Dev. ----- 
1.6 ----- 
1.1 

----I 

5.1 ----- 
4.1 ----- 
4 .5  

.I---- 

3.4 ----- 
l . b  

1000 
CLEAR 
1012 

I Average radiative convergence profiles and cloud top pressure distribu- 
tion for the Northwest sector of the GATE B-scale array for September 
9 ,  1974 (Julian Day 252). Standard deviations represent the vari- 
ab i l i t y  in space ot the 24 hour means from one 1/2 degree lat i tude by 
1/2 degree longitude area to  another. 



PRESSl lRE CLOUD TOP 
(mb) D I S T R I B U T I O N  (X) 

Mean S t d .  
Dev. 

100 ---- ----- 
.o . 0 

200 ---- ----- 
.2 ---- .3 

300 ----- 
3.8 2.5 

400 ---- ----- 

-150- - - 
RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 

(watts per square meter per layer,  Ap) 
SHORTWAVI: -- I ONCWAVE 

Mean S t d .  Mean S t d .  Psean 
Dev. Dev. ----- ----- 0 ---,, ----- 0 - - - - a  

2.8 * I  * - 5 . 8  .0 * -3, ----- ----- a -,,,, -,--- o - - - -a  

5.5 2 0 -15.2 ----- ----- 0 ----- .2 4 -9.' - -  0 ----. 
10.9 0 4  -24.9 ----- ----- ----- l r 2  0 -14.1 ----- * - - - - a  

- 
12.3 3.4 2.0 0 -13.4 ---- ----- 0 ----- 6*1  ----- 0 ----- 2.8 -7.i 

if E I ~ R  -,--- 0 ----. 
26.4 ---- 14.2 0 

1012 
.4 

r---- 0 -,--- -A : -,,,, 01 -3.t 
- 4 * 0  --_-- ----. 

0 0 0 
0 

TOTAL TROPOSPHERE 75.9 2.7 -206.0 3.4 -130.1 

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t op  pressure d i  s t r i b u -  
t i o n  t o r  t he  Northwest sec to r  o f  the GATE D-scale a r ray  f o r  September 
10 1974 ( J u l i a n  Day 253). Standard dev ia t i ons  rep resen t  the v a r i -  
a b i l i t y  i n  space o f  t he  24 hour rneans from one 112 degree l a t i t u d e  by 
112 degree l o n g i t u d e  area t o  another.  

PRESSURE CI.OUD TOP 
(mb) D I S T R I B U T I O N  ( X )  

600 

700 

80 0 

900 ' 

1000 
CLEAR 
1 n t 2  

Mean 

---- 
.4 ---- 

1 .a ---- 
2.9 ---- 
4.8 ---- 
5.9 

S t d .  
Oev. ----- 

1.0 ---- - 
3.2 ----- 
2.9 ----- 
3.7 ----- 
2 . 5  

RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 
( w a t t s  per square meter per l ayer ,  Ap) 

SHORTWAVE 1.ONGWAVE 
Mean S t d .  Mean Std. MC.N 

Dcsv. I)Pv. ----- -,I-- 0 ----- -,--- 0 --- 
2.7 .0 0 -6.0 ,4 - 3  ----- --I-- a ----- - -  a --.. 
5.3 00 0 -15.7 1.3 0 -10 ----- ----- 0 ----- -,--- 0 --- 

10.7 .1 0 - ? b e ~  1.7 0 -13 ----- ----- 0 ----- - -  0 --- 
11.6 .2 -26.5 2.5 0 -14 ----- ----- 0 ----- - 0 --.. 
11.6 .4 0 -29.3 2.6 -17 

0 * 
TOTAL THOPOSPHERE 0 79.9 1.2 * -208.6 4.6 -128 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u  
t i o n  f o r  the Northwest s e c t o r  o f  t he  GATE B-sca le  a r ray  f o r  September 
11  1974 ( J u l i a n  Day 254). Standard dev ia t i ons  rep resen t  the v a r i -  
a b i l i t y  i n  space o f  t he  24 hour  means from one 112 degree l a t i t u d e  by 
112 degree l o n g i t u d e  area t o  another.  

-- - - 
PRESSIIRE CI.OUD TOP RADIATIVE CONVERGENCE (1-1 / DIVERGENCE ( ) 

4mb) * D I S T R I B U T I O N  (X) ( w a t t s  ver sauare mett.r uer laver. Au1 

1 00 

200 

300 

400 

500 

600 

700 

ROO 

900 

1000 
CLEAR 
1012 

Mean S t d .  

---- 
3.9 ---- 

12.7 ---- 
12.5 ---- 
10.9 ---- 

8.0 ---- 
9.7 ---- 
8.4 ---- 
7.6 ---- 
R e ?  ---- 

18.0 ---- 

D e v .  ----- 
h.2 ---..- 

10.2 ----- 
4.6 ----- 
2.7 ----- 
1.7 ----- 
1.9 ----- 
2.1 ----- 
2 6 ----- 
4.2 ---..- 

12.7 ----- 

, , .. 
SHORTWAVE LON(W.4yk- 

Mean Std. Mean S t d .  Eicar 
Dev. ----- 
2.2 ----- 
3.3 ----- 
2.5 ----- 
3.1 ----- 
3.1 ----- 
2.8 ----- 
2.5 ----- 
2.1 --.,-- 
1.9 ----- 

.1 
I---- 

Dev. ----- * ---- 
2.8 * -3. 

-,--- a ---- 
4.1 0 -11.' 

0 v * 
TOTAL TROPOSPHERE 61.8 12.0 0 -186.6 17.9 -124. 

Average r a d i a t i v e  convergence p r o f i l e s  and c l o u d  t o p  pressure d i  s t r i b u -  
t i o n  f o r  t he  Northwest sec to r  o f  t h e  GATE B-sca le  a r ray  f o r  September 
12 1974 ( J u l i a n  Day 255). Standard dev ia t i ons  rep resen t  the v a n -  
a b l l i t y  i n  space o t  the 24 hour means from one 112 degree l a t i t u d e  by 

1% (Ieart'P 1 0 1 1 0 l t 1 1 d ~  aroa  t n  annthar  

'OTAI. 
S t d .  
Dev. 
-I--.. 

.I ----- 

.1 ----- 
1.1 
----I 

3.8 ----- 
2.2 ---- - 
2.0 ----- 
2.5 ----- 
2.7 ----- 
1.7 ----- . Z ----- 

TOTAL 
S t d .  
Dev. - ----. 

3 .4 - ----- 
4 1.3 - ----- 
4 1.7 - ----- 
Y 2.4 - ----- 
7 2.4 - ----- 
0 2. d - ----- 
Y 2.9 - ----- 
8 3 2 - ----- 
5 1.6 - ----- 
7 .1 ----- 

TOTAL 
S t d .  
Dev. ----- 
1.1 



600 

TOO 

. A00 

900 

-- 
PKESSUKE 

(mb) 

100 

200 

300 

400 

500 

600 

700 

ROO 

900 

TOTAL 

-- . . - 

~ ~ 1 , O ~ I l ~  !rill' 
DISTRIBUTION (%) 

Year1 S t d .  
Dev. .--- ----- 

12.4 5 . 2  

THOPOSPHERE 

-151- 
RAl)f.A'rlVlC (~ONV~~IU~l~N(~K (3.) / I)lVl'~lG~~N(;l~ 

( w a t t s  per  square  mrLer per  l a y e r ,  Ap) 
SHORTWAVL l!~)N(;WAVc 

Mean S t d .  Meun Srd. 
Dev. Dev. * ----- .--..-- P ----- -,,-- + 

a 4.3 1.1 * -11.4 2.8 + 
a ----- ----- a ----- ----- 

11.0 2.9 * ----- ----- 3'2 : ! ----- 
* 10.3 1.5 * -24.7 2.2 + * ----- ----- * ----- -,--- * 
e 2.7 0 -22.4 3.2 0 

7 * 7  ----- * - --*- r-r-- I,--- 

a 6.5 3.4 it -20.7 5.8 * ----.I ----- * ----- -,--- 
0 2.0 * -17.0 1.7 * 

4 *1  ----- * - ---- ----- -,--- a 
6 2.6 1.6 * -18.3 2.9 * * ----- ----- ----- ----- 
a 2.0 1.4 * -16.9 3.6 
+ ----- ----- * r---- -,--- * 
+ 1.5 1.3 * -11.4 3.3 : 
0 ----- - -  + ----- ----- 
+ 0 1  -4.1 0 2  + ----- * - ---- rr--- -,,r- * 
a 0 a 

TO'PAI. 
Pltsan 5 ~ 1 1 .  

Dev. ----- ----* 
-7.1 2 . 3  

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t o p  pressure d i  s t r i  bu- 
t i o n  f o r  the kor thwest  sec to r  o f  t he  GATE B-sca le  a r ray  f o r  September 
13, 1974 ( J u l i a n  Day 256). Standard d e v i a t i o n s  rep resen t  the v a r i -  
ab i  1 i t y  i n  space o f  t he  24 hour  means from one 112 degree l a t i t u d e  b! 
112 degree l o n g i t u d e  area t o  another.  

Cl.OlJD TOP 
DISTRlBUTION (%) 

Mean S t d .  
1)ev. .--- *---- 

18.1 13.5 ---- ----- 
i O t 8  8.4 ---- ----- 
16.5 5.7 ---- --*-- 
15.6 5. R ---- ----- 
11.7 4.6 .--- ----- 
7.9 4.3 .--- ----- 
4.2 3.5 .--- ----- 
3.2 4.1 

RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 
( w a t t s  per  square  meter  per  l a y e r ,  Ap) 

SHOR'IWAVE I.ONi:WAVI! TOTAL - 
Mean S t d .  ~ e a n - .  S t d .  Mean Std  

Dev. ----- I t  ----- 
2.0 a -14.9 

---r- 0 ----- 
2.6 + -22.7 ----- 0 ----- 
2.2 -86.0 

----r * ----, 
3.0 -25.4 ----- * ----- 
3.4 0 -20.9 ----- * ----- 
3.3 0 -14.6 ----- * ----- 
2.6 -11.6 ----- * ----, 
1.9 * -9.6 

Dev. 

* * 
TROPOSPHERE + 5307 11.8 -156.5 20.1 * -102.9 13.4 

Average r a d i a t i v e  convergence p r o f  i 1 es and c l oud  t o p  pressure a i  s t r i  bu- 
t i o n  f o r  the Northwest sec to r  o f  t he  GATE B-scale a r ray  f o r  September 
14, 1974 ( J u l i a n  Day 257).  Standard d e v i a t i o n s  rep resen t  the v a r i -  
a b i l i t y  ill space o f  the 24 hour Itleans trom one 1/2 degree l d t i  tude by 
1 /2  deyree l o n g i t u d e  area t o  dnother.  

- 

CI.OUD TOT' 
DISTRIBUTION (%) 

can S t d .  
Dev. 

RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 
( w a t t s  per  square  meter per  l a y e r ,  Ap) 

SHORIWAVI?. LONGWAVE TOTAL 
Mean S t d .  Mean S t d .  Mean S t d .  

Dev. Dev. Dev. ----- " * ----- . * ----- ----- 
* 2.7 .O 0 -6.1 03 * -3.3 

----I ----- a ----- . r---- 
. 3  

---c- 
e 5.4 .1 * -16.4 1.4 + -11.0 1.4 

.-- -r--- * ----- ----- a ----- - -  * ----- 
' a  0 2.7 * 11.7 r 2  + -27.9 .-- ----- r---- ----- ----- 1.1 * -16.2 - -  * ----- 
'.3 7.1 11.8 0 6  * -37.2 ----- 6.1 * -25.3 . - - ----- ----- ----- - -  ----- 
1.3 4.9 11.0 - 9  * -29.9 5.2 -18.8 .-- r---- ----- ----- * ----, - -  ----- 
1.5 4.4 * 9.5 .I • -85.1 2.8 -15.6 .-- ----- -,--- - -  a ----- - + ----- 
1.5 3.8 * 8 2 .9 -20.4 1.2 -12.2 .-- ---r- ----- ----r * ----- -,--- ----- 
'.4 3.8 + 7.0 .9 * -12.3 1.4 -5.2 . - - ----- * ----- ----- * ----- - r---- 

1.7 8.6 * e4 .1 * -3.9 .1 -3.5 
,-- ----- ----- ----- 0 ----- - -  ----- 

0 * * u a 
'HOPOSPHEHE * 78.6 1.9 * -203.6 5.2 * -125.0 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  the Northwest sec to r  o f  t he  GATE 0-sca le  a r ray  f o r  September 
15, 1974 ( J u l i a n  Day 258). Standard d e v i a t i o r ~ s  rep resen t  the v a r i -  
d b i l  i t y  i n  space o f  t h e  24 hour  means from one 112 degree l a t i t u d e  by 
1 / 2  degree l ong i t ude  area t o  another.  
, I  1 



-15 7-- - --- - - -- - - 
P R E s s U n E  c L o u 1 )  Tot '  R A n r n ~ r v e  CONVSfi(:liNCE (+) : nIvEn(;EN(:E (-1 t- 

(mh)  D I S T R I B U T I O N  (%) 

Mean S t d .  

( w ~ t t s  p e r  s q u a r e  m e t e r  p e r  l a y e r ,  Ap) 
SHORI'WAVT LONCWhVc TOTAL 

Mean S t d .  Mean S t d .  Mea 1- S t d .  -- 
DPV.  n e v .  D e v .  I D e v  . 

0 0 

T O T A L  T R O P O S P H E R E  48.5 9.1 a -163.8 

Average r a d i a t i v e  convergence p r o t i l e s  and c l o u d  t op  pressure d i s t r i b u -  
t i 0 1 1  f o r  the Northwest sec to r  o t  t he  GATE U-scale a r ray  f o r  Septe~~lber  
l b ,  1974 ( J u l l a n  Day 259). Standard d e v i a t i o n s  rep resen t  t i le v a r i -  
a b i l i t y  i n  space o f  the 24 hour  means trom one 1/2 deyree l a t i t u d e  by 
1 / L  degree l o n g i t u d e  drea t o  al lother.  

PRESSURE CLOUD TOP 
(ml,) D I S T R I B U T I O N  (2) . , . . 

Mean S t d .  
D e v .  

RADIATIVE CONVERGENCE (+) / DIVERGENCE (-) 
( w a r t s  oer s a u a r e  m e t e r  o e r  l a v e r .  AD) 

SHORTWAVE 
M e a n  S t d .  

, , .. 
1,ONGWAVE 

Mean Std. M e a  S c d .  

40.1 15.4 * .5 
r---- a ----- 1 a -3.9 ---- ----- a ----, 

m l  * 
a a 
4 a a 

T O T A L  T R O P O S P H E R E  * 78.8 1.5 -212.9 

100 - - - - ----- O ----- ----- a r---, - -  a ---.- 
23.Q 5 .3  1.2 * -16.6 5 5  * -13.2 

200 ---- Hal c: ----- --- - - ----- a ----. - -  4 ---.- 
23.5 4.0 0 13.3 1.5 * -23.2  ----- a ----- 2.6 I: , : Y _ e p  

300 ---- ----- a ----- ----- 
16.0 5.6 * 10.6 1.9 * -23.6 3.7 * -12.9 

400 ---- ----- a ----- - a ----- - a ---I- 

12.R 4.5 * 4.8 1.4 * -22.1 4.5 * -17.3 
500 ---- ----- a ----- ---"- * ----- -,--- a ---I- 

6.9 1.9 * 1.8 1.0 4 -15.5 2.7 * -13.7 
600 ---- ----- a ----- -me-- * ----- -,--- , ----- 

5.1 1.7 * .A .6 * -13.2 2.9 -12.4 
700 ---- ----- a --I-- ----- a ----- - -  0 ---o- 

4.1 1.8 .3 .4 * -12.3 3.0 * -12.0 
800 ---- ----- a ----- --I-- a ----- - -  a ----- 

2.7 1.7 a1 2 * -10.0 2.0 -9.9 
900 _--- ----- 0 ----- " a ----- -,-"- a ----- 

1 . 4  1.5 a - 0  .1 * -6.6 1.0 * -6.6 ---- ----- a ----- a"--- 4 ----- - -  a ----- 
c ! X R  3.6 3.1 .O .o a -4.n .O a -4.0 
i n 1 2  _--- ----- ----- ----- a ----. " ---.- 

a a o 
a a a 

T O T A L  T R O P O S P H E R E  * 37.1 2.1 4 -149.1 8.1 a -112.0 

Average r a d i a t i v e  convergence p r o t i l e s  and c l oud  t op  pressure d i s t r i b u -  
t i o n  f o r  the I io r thwest  sec to r  o f  t he  LATE B-sca le  a r ray  f o r  September 
18, 1974 ( J u l i a r ~  Day Zbl 1 .  Standard d e v i a t i o n s  represent  the v a r i -  
a b i l i t y  i n  space of t he  24  hour  means trom one 112 degree l a t i t u d e  by 
1 I ; ,  40 n,. uo lr,nnr+,lrl', r r n *  e. .^..CL^.. 

Average r a d i a t i v e  convergence p r o f i l e s  and c l oud  t o p  pressure d i s t r i b u -  
t i o n  f o r  t he  Northwest sec to r  o t  t he  LATE B-scale a r ray  f o r  September 
17, 1974 ( J u l i a n  Day 260). Standdrd dev ia t i ons  rep resen t  the v a r i -  
a b i l i t y  i n  space o f  t he  24  hour means from one 1 / 2  degree l a t i t u d e  by 
1/2 aegrec l o n g i t u d e  area t o  anot l ier.  

,- 
-- - - 
PRESSURE CLOUD TOP RADIATIVE CONVERGFNCE (+) / DIVERGENCE (-) 

( m k ~ )  D I S T R I B U T I O N  (2) ( w a t ~ s  per s q i l n r f  nctcr  per l a y e r ,  A p )  
SIIORTWAVE -- -- - - 1,ONCWAVE 

Mean S t d .  Me.ln S L L I .  Elcon S t d .  Mean 
D c v .  D e v .  D e v .  

100 ---- ----- a ----- ----- a re-r- - -  a -,.,,, 
.3 .7  * 2.7 e0 -6.0 3 

200 ---- I---- a ----- --I-- a ----- - a -- 
S t l l .  
Dev. 

TOTAI, -- 

-5.3 -- 
e H  1.3 * 5.3 - 0  -15.4 ---- ----- a ----- .5 0 -1 

300 ----- a ----, -,,.I- a -- 
1.6 1.8 a 10.6 11  a -tJ.Fi .9 0 -1' 

400 ---- ----- a ----- ----- a ----- - a -- 
1.7 1.4 * 11.5 2 -24.9 ---- ----- a ----- ----- a ----- .7  * - 1  

500 -,--- a -- 
2.7 1.3 I 11.3 - 3  * -27.8 .B * -1 

600 _ - - - ----- ----- ----- a ----- - a -- 
5.0 2.4 10.0 .4 * -30.2 1.5 * -2 

700 ---- ----- 0 ----- ----- 0 ----- - -  a -- 
9.4 3.3 9.3 a 6  -35.0 1.6 * -2 

.1 -- 

.9 -- 

.4 -- 

.S -- 

.2 -- 
- 7  
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APPENDIX A 

RADIATIVE PROFILE MODELS 

The fol lowing t a b l e s  con ta in  t h e  r a d i a t i v e  p r o f i l e s  t l  

t o  cons t ruc t  t h e  GATE budgets.  They a r e  divided i n t o  catel  

on cloud top pressure .  There a r e  twenty-eight cloud top  c; 

t h e  shortwave p r o f i l e s  and e ighteen  f o r  t h e  longwave. A s  ( 

t h e  t e x t ,  t h e r e  were two b a s i c  groupings f o r  t h e  longwave ( 

f i l e s .  One i s  t h e  t h i n  cloud i n  which t h e  cloud Sase  occui 

same 100 mb l a y e r  a s  t h e  cloud top.  The o the r  i s  t h e  deep 

cloud base a t  950 mb rega rd l e s s  of cloud top pressure .  I n  

t h e r e  a r e  seven c l e a r  sky LW p r o f i l e s  f o r  va r ious  ranges ol 

content .  

The va lues  given a r e  i n  u n i t s  of w a t t s  per square met6 

p re s su re  i n t e r v a l ,  Ap. The p re s su re  i n t e r v a l  th ickness  i s  

a l l  l a y e r s  except t h e  su r f ace  l a y e r ,  which i s  12 mb t h i c k  

a t  were used 

o r i e s  based 

t e g o r i e s  f o r  

i scussed  i n  

loud pro- 

s i n  t h e  

cloud with 

add i t i on ,  

water  vapour 

r f o r  t h e  

100 mb f o r  

The numbers 

i n  (pos i t i ve )  given r ep resen t  t h e  average ins tan taneous  r a t e  of energy g 

o r  l o s s  (negat ive)  f o r  t h e  l a y e r .  For t h e  LW case  t h e  i n s  

va lue  i s  no t  a func t ion  of time. However, t h e  SW va lue  i s  

over a 12.0 hour i n t e r v a l  i n  which t h e  ins tan taneous  va lue  

due t o  changing s o l a r  z e n i t h  angle.  

antaneous 

an average 

a r e  changing 



/ CLEAR SKY 

LONGWAVE POWER DIVERGENCE (m-2  PER GIVEN PRESSURE INTERVAL) 

'i 1, 5 3 'i n l e  ' 5.8 5.- 5 .6  a s  * a.a &. -  4 .8  Q 

Water (cm) o r  t o  t o  t o  t o  t o  o r  
Standard P res .  Grea ter  5.6 5.4 5.2 5.0 4.8 Less  
Levels  (mb) .G 

Table A l .  C lea r  sky longwave d ivergence ,  w a t t s  pe r  sq 
f o r  d i f f e r e n t  va lues  of p r e c i p i t a b l e  w a t e r .  

n t  e r v a l  , 



THICK CLOUD 

LONGWAVE POWER DIVERGENCE ( W I R - ~  PER GIVEN PRESSURE INTERVAL) 
Divergence = Negative 

Convergence = P o s i t i v e  

Cloud top  
P r e s s u r e  (kb) -t 

Standard 100 192 289 38 7 
t o  t o  t o  t o  P re s .  Levels  + 

(mb 
192 289 387 484 

Table A2. Thick cloud longwave power divergence,  w a t t s  pe r  square  meter per  p re s su re  i n t e r v a l ,  a s  a 
func t ion  of cloud t o p  p re s su re .  



THIN CLOUD 

I LONGWAVE POWER DIVERGENCE ( w C L  PER GIVEN PRESSURE INTERVAL) 
Divergence = Negative 

1 
Ct: - 

Cloud t o p  
P r e s s u r e  (mb) -t 

Standard 
192 289 387 484 593 692 791 890 

t o  t o  t o  t o  t o  t o  t o  t o  t o  
P r e s . L e v e l s  f 192 289 387 484 593 692 791 890 975 

(mb 

Table A3. Thin cloud longwave power d ivergence ,  w a t t s  p e r  squa re  meter  p e r  p r e s s u r e  i n t e r v a l ,  as a func- 
t i o n  of cloud t o p  pressure .  



- -- - - 
- --2 - 

1 ,=\ L MEAN SHORTWAVE POWER CONVERGENCE (WIU PER GIVEN PRESSURE INTERVAL) 
' I  

Cloud t o p  
P re s su re  (mb) +- 

100 163 177 192 250 269 ' ' " '289 
> .  - . - , .  - -  > ,; 

Standard 
P r e s .  Leve ls  t o  t o  t o  t o  t o  t o  

163  
t o  + 17 7 192 250 269 289 337 

(mb) 

Table  A4.  Mean shortwave power convergence over  a 12.0 hour d a y l i g h t  p e r i o d ,  i n  w a t t s  per  square  meter  
pe r  p r e s s u r e  i n t e r v a l ,  a s  a f u n c t i o n  of cloud top p re s su re  (100 mb t o  337 mb). 



MEAN SHORTWAVE POWER CONVERGENCE (wm2 PER GIVEN PRESSURE INTERVAL) 

Cloud top 
Pressure (mb) -f 337 361 387 425 454 484 546 
Standard to to to to to to to 
Pres. Levels + 361 38 7 425 454 484 546 57 8 

(mb) 

Table A 5 .  Mean shortwave power convergence over a 12.0 hour daylight period, in watts per square meter 
per pressure interval, as a function of cloud top pressure (337 mb to 578 mb) 



3 3 s '  P 
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MEAN SHORTWAVE POWER CONVERGENCE ( ~ m - ~  PER GIVEN PRESSURE INTERVAL) 

Cloudtop , 
Pressure (mb) 791 824 869 890 919 966 975 

t 0 to tn  tn C r  4- Cb 

Standard 
Pres. Levels $ 

824 869 890 919 966 975 1012 

(mb (clear sky) 

0.68 
1012 

L - -. - - 
Table A7. Mean shortwave power convergence over a 12.0 hour daylight period, in watts per square meter 

per pressure interval, as a function of cloud top pressure (791 mb to 1012 mb [surface]). 



APPENDIX B 

RADIATIVE DIVERGENCE TO HEATING RATE CONVERSION FAC 

The conversion f a c t o r s  l i s t e d  i n  Table B 1  provide f o r  

t h e  r a d i a t i v e  hea t ing  r a t e  (OC per  u n i t  t ime) from t h e  r a d i  

divergence va lues  (wat t s  per  square meter per  p re s su re  imte v a l )  found 

i n  Tables A 1  through A7 according t o  t h i s  formulat ion:  r 
Heating r a t e  - Flux Div. Cqnv. Fa t o r  - 

(OC per  u n i t  t ime) (Tables A 1  - A7) (Table 11) 

This  is  a form of t h e  b a s i c  equat ion:  

where A T / A ~  r ep re sen t s  t h e  change i n  temperature per  u n i t  t 

g is  t h e  a c c e l e r a t i o n  due t o  g r a v i t y ,  Cp i s  t h e  s p e c i f i c  he 

a t  cons tan t  p re s su re ,  AH i s  t h e  r a d i a t i v e  divergence and Ap 

s u r e  i n t e r v a l .  A l l  of t h e  cons t an t s ,  inc luding  t h e  p re s su r  

Ap, have been compressed i n t o  t h e  conversion f a c t o r s  i n  Tab 

t h a t  t h e r e  a r e  two s e t s  of conversion f a c t o r s ,  The f i r s t ,  

t h e  24 hour i n t e g r a t e d  hea t ing  r a t e ,  accounting f o r  t h e  f a c  

a r e  only 12 hours of s o l a r  i n s o l a t i o n ,  Se t  I1 produces an 

r a t e  of hea t ing ,  i n  OC/day, t h a t  would be  a t t a i n e d  i f  t h e  c 

gence va lue  p e r s i s t e d  f o r  24 hours.  The only  d i f f e r e n c e  be  

s e t s  of numbers i s  i n  t h e  conversion of t h e  shortwave conve 

Oc/day. Otherwise, e i t h e r  t h e  process  cont inues over a l l  2 



(LW, O (  

t h e  phc 

TI 

t o  a  d: 

B 1  becz 

d a i l y  : 

t h e  101 

t o t a l  - : 

Set  I1 

t a b l e s  

day) o r  t h e  averaging period is s h o r t e r  than t h e  du ra t ion  of 

omenon (LW and SW, OC/h). 

t o t a l  r a d i a t i v e  divergence column cannot be  d i r e c t l y  converted 

l y  i n t eg ra t ed  hea t ing  r a t e  using t h e  f a c t o r s  i n  Se t  I of Table 

s e  t h e r e  a r e  two d i f f e r e n t  time s c a l e s  involved. The t o t a l  

t eg ra t ed  hea t ing  may be obtained by determining s e p a r a t e l y  

wave and shortwave components and then summing them. I f  t h e  

s tan taneous  r a t e  of hea t ing  i s  requi red ,  then t h e  f a c t o r s  i n  

f Table B 1  may be appl ied  d i r e c t l y  t o  t h e  t o t a l s  c o l u p , o f  the  

n P a r t  3 .  



SET '1 SET I1 

Table B 1 .  Conversion f a c t o r s  u s e f u l  f o r  ob ta in ing  hea t ing  r a t e s  from va lues  
of r a d i a t i v e  f l u x  convergence o r  divergence i n  Tables  A 1  through 
A7. Se t  I f a c t o r s  provide  a  d a i l y  i n t e g r a t e d  h e a t i n g  r a t e ,  
accounting f o r  12.0 hours  of i n s o l a t i o n .  S e t  I1 f a c t o r s  provide  
an  in s t an t aneous  h e a t i n g  r a t e .  The u n i t s  of t h e s e  conversion 
f a c t o r s  a r e  (OC/Day) per  ~ m - ~ [ ~ ~ ] - l  f o r  OC/day o r  (OC/hour) pe r  
~ m - ~  [Ap]-1 f o r  OC/hour. See t e x t  f o r  f u r t h e r  explana t ion .  

Longwave 
OCIday 

Longwave 
OC/hour 

Shortwave 
OC/day 

Shortwave 
OC/hour 

100 mb l a y e r  12  mb l a y e r  

.08428 .70234 

.00351 ,02926 

.04214 

.00351 .02926 

100 mb l a y e r  12 mb l a y e r  

.08428 .7 0234 

.00351 

.70234 

.00351 .02926 
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6. .?cstr;crs 

The model d iverg  
t i o n a l  r o u t i n e s  with 
GATE experiment. The 
twenty-five longwave 
t i c  d a t a .  Tables of 
:hecloud top pressure  

Analysis of t h e  
upper t r ~ p o s p h e r i c  d i  
es t imates .  The conve 
longwave divergence a  
convect ively suppress  
zon ta l  g rad ien t s  i n  t 
some 'of t h e  d i u r n a l  v  

nce p r o f i l e s  were derived from s e v e r a l  r a d i a t i v e  t r a n s f e r  computa- 
i jus tments  t o  accommodate t h e  observa t iona l  d a t a  c o l l e c t e d  during t h  
technique involves t h e  compositing of twenty-eight shortwave and 
z r t i c a l  divergence p r o f i l e s  based on SMS-1 s a t e l l i t e  d a t a  and synop- 
ne longwave, shortwave and t o t a l  r a d i a t i v e  divergence p r o f i l e s  and 
i i s t r i b u t i o n  a r e  given f o r  a  v a r i e t y  of space and time s c a l e s .  
4TE Phase 111 r a d i a t i v e  divergence p r o f i l e s  general ly .shows l e s s -  
zrgence and more middle l e v e l  divergence than previous c l imato logica  
t i v e l y  d is turbed  days show s i g n i f i c a n t l y  more upper t ropospher ic  
i daytime shortwave convergence than e i t h e r  t h e  Phase I11 mean o r  t h  
ii sample. The magnitudes of t h e  d i u r n a l  v a r i a b i l i t y  of t h e  ho r i -  
2 r a d i a t i v e  divergence f i e l d s  appear adequate t o  expla in  a t  l e a s t  
r i a t i o n s  i n  cloud cover and p r e c i p i t a t i o n  repor ted  by o t h e r  au thors .  
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