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ABSTRACT 

An independent a n a l y s i s  of Nimbus 6 Ea r th  Radia t ion  Budget 

measurements is  presented f o r  J u l y  1975 t o  June 1977. Monthly mean 

maps of a lbedo,  emit ted ex i t ance  and n e t  r a d i a t i o n  were cons t ruc ted  

from t h e  i n d i v i d u a l  s a t e l l i t e  i r r a d i a n c e  measurements from t h e  wide 

f i e l d  of view sensors .  A r e c a l i b r a t i o n  w a s  performed wi th  r e f e rence  

t o  Nimbus 7 ERB, day-night comparisons, and removal of t h e  t rend  i n  

r e f l e c t e d  da ta .  Also, a r e s o l u t i o n  enhance scheme w a s  used t o  im-  

prove t h e  d e t a i l s  i n  t h e  maps, both on t h e  emit ted ex i t ance  and albedo 

es t imates .  The maps a r e  then d iscussed  i n  terms of zonal  averages,  

land averages,  ocean averages and va r i ance  emphasizing t h e  year  t o  

year  d i f f e r ences .  For i n s t ance ,  s u b s t a n t i a l  changes i n  emit ted and 

albedo appear around t h e  i n t e r t r o p i c a l  convergence zone f o r  t hese  

two years .  The l a r g e s t  va r i ance  i n  n e t  r a d i a t i o n  occurred along t h e  

n o r t h  coas t  of t h e  P a c i f i c .  





INTRODUCTION 

Variat ion over t h e  e a r t h  of the  net  r ad ia t ion  is t h e  fundamental 

driving fo rce  of the  atmosphere. It is  a manifestat ion of the  l a t i t u d e  

v a r i a t i o n  of inc ident  f l u x  from t h e  sun with more incident  i n  the  equa- 

t o r i a l  regions than the  polar.  The other  fundamental f a c t  is t h a t  the  

atmosphere-ocean-earth system is not  i n  l o c a l  r a d i a t i v e  equilibrium 

e i t h e r  i n  space o r  time. The system's c i r c u l a t i o n  is  such t h a t  l a rge  

t r anspor t s  of energy occur giving the  weather we  see  around us. Near 

balance between t h e  thermal emission and t h e  absorbed energy occurs 

only on an annual and global  average, r e s u l t i n g  i n  t h e  s t rong s i m i l a r i t y  

between one year ' s  weather and the  next. 

Early est imates were made 3f the  r a d i a t i o n  terms (London, 1954) but 

only i n  the  e r a  of a r t i f i c i a l  s a t e l l i t e s  have moderately accurate mea- 

surements been made by various systems (Table l ) .  Vonder Haar and E l l i s  

(1974) have summarized the  measurements of the  1960's i n  At las  of Radia- 

t i o n  Budget Measurements from S a t e l l i t e s .  The companion repor t ,  Clima- 

tology of Radiation Budget Measurements by S a t e l l i t e s  by Campbell and 

Vonder Haar (1980) and Stephens e t  a l .  (1980) d iscuss  t h i s  i n  some d e t a i l .  

Figure 1 shows t h e  climatology of the  annual cyc le  of t h e  zonal average 

emitted and n e t  f luxes  and the  albedo. 

A small seasonal v a r i a t i o n  appears i n  t h e  albedo caused p a r t l y  by 

the  sun-earth geometry and by changes i n  cloudiness, E l l i s  (1978). 

The emitted exitance matches.thetemperature changes except near t h e  

equator where clouds produce the  dip. Final ly  the  n e t  r ad ia t ion  leads  

t h e  temperature cycle, an ind ica t ion  of the  heat  capacity of t h e  atmo- 
L 

sphere-ocean system. 



The major d i f f i c u l t i e s  wi th  t h e  measurements i n  t h i s  climatology 

r e s u l t  from t h e  many changes of instruments  and non-continuity of t h e  

time s e r i e s .  Few overlaps i n  t i m e  a r e  a v a i l a b l e  t o  check t h e  sensor 
.I 

c a l i b r a t i o n s  and s tandardize  t h e  measurements. The v a r i a t i o n  i n  t h e  

r e so lu t ion  has smoothed ou t  some fea tu res .  Also t h e  l o c a l  time of 

measurement changed improving t h e  representa t iveness  of t h e  mean but  
Y 

making comparisons d i f f i c u l t .  

A new r a d i a t i o n  budget experiment began i n  J u l y  1975 with t h e  
u 

Nimbus 6 Ear th  Radiation Budget experiment (Smith e t  a l . ,  1977). Here we 

present  an a n a l y s i s  of two years  of these  measurements (7/75-6/77). T h i ~  

i s  t h e  f i r s t  continuous record over more than one year from one ins t ru -  

ment. Measurements have been recorded up t o  October 1978 from Nimbus 6 

followed by a s i m i l a r  experiment on Nimb~~s 7 continuing t o  t h e  present .  

These two experiments and t h e i r  successors ,  Ear th  Radiat ion Budget Experi- 

ment, promise long term observat ions which w i l l  monitor the  mean weather 

and perhaps d e t e c t  systematic  c l imate  changes. 

Our primary purpose he re  is  t o  d i scuss  the  a n a l y s i s  scheme used 

i n  t h e  production of the  Nimbus 6 r a d i a t i o n  budget est imates.  The flow 

c h a r t  summarizes t h e  s t e p s  discussed below. Only a few i n t e r p r e t a t i o n s  

w i l l  be presented. We a r e  p resen t ly  involved wi th  comparing these  maps 

wi th  mean weather f o r  t h e  concurrent times (Campbell, 1980). 

ERB INSTRWNT 

The Ear th  Radiat ion Budget experiment of Nimbus 6 (and Nimbus 7) 

conta ins  t h r e e  p r i n c i p l e  components: 1 )  a mul t i - spect ra l  s o l a r  observinb 

instrument t o  monitor t h e  sun, 2) a mult i -axis  scanning device t o  measure 

t h e  angular  r e f l e c t i o n  and emission c h a r a c t e r i s t i c s  of t h e  e a r t h  radiance 

f i e l d s  and ob ta in  a medium reso lu t ion  (500 km) budget and 3) wide f i e l d  of 
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Figure La. Figure zb. 

Contour I n t e r v a l  10 w/mL 

Heavy l i n e  a t  250 ~ / m  
2 TIME VARIATION 

Contour I n t e r v a l  2.5% 

Heavy l i n e  a t  25% 

The time v a r i a t i o n  of t h e  zonal means shows the  seasonal  change following 
the  s o l a r  dec l ina t ion .  1 8  months a r e  shown, 13-18 being a r e p e t i t i o n  
of 1-6. 
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view (WFOV) i n t e g r a t i n g  senso r s  t o  measure low r e s o l u t i o n ,  200 km, f l u x e s  

and the  g l o b a l  i n t e g r a l  budgets. We w i l l  d i s c u s s  r e s u l t s  from t h e  WFOV 

d e t e c t o r s  of t h e  e a r t h  f luxes .  Resu l t s  from t h e  o t h e r  systems have been 

d iscussed  elsewhere (Hickey e t  al., 1977; Jacobowitz e t  a l e ,  1979). Per- 

haps t h e  most i n t e r e s t i n g  r e s u l t  i s  t h e  s t a b i l i t y  of t h e  s o l a r  cons tan t  

w i th  no v a r i a t i o n s  de t ec t ed  t o  t h e  instrument  accuracy (+ .5%) over 4 - 

y e a r s  (Hickey, 1980). 

Instrument  measurements by t h e  WFOV sensors  were made by f l a t  p l a t e  

thermopile  de t ec to r s .  The instruments  have been descr ibed  by Hickey et 

a l .  (1974) bu t  h e r e  w e  d i s c u s s  them b r i e f l y  as i t  w i l l  expla in  t h e  c a l i -  

b r a t i o n  procedure used. The t o t a l  channel (#12) was a b lack  pa in ted  de- 

t e c t o r  w i th  a f i e l d  of view s t o p  s l i g h t l y  bigger  than t h e  e a r t h ' s  d i s c  

as seen a t  1100 lun a l t i t u d e .  This  d e t e c t o r  responded t o  a l l  r a d i a t i o n ,  

bo th  emit ted and r e f l e c t e d  from t h e  e a r t h  ( a s  w e l l  as t h e  sun when i t  is  

near  t h e  e a r t h ' s  edge). The thermopile  vo l t age  w a s  converted t o  i r r a d i a n c e  

by equat ion 1. 

, I.' 
. t 

A ( I r r ad i ance )  = E (a ,  B) cosadcosadB . fij 
angle  subtended by e a r t h  

V = thermopile  vo l t age  

Vo = o f f s e t  v o l t a g e  

s = s e n s i t i v i t y  

E = source  rad iance  f i e l d  (space c o n t r i b u t e s  zero) 

E [l-F ] T ~  = r a d i a t i o n  emit ted by t h e  f i e l d  s t o p  t o  t h e  d e t e c t o r  
s D s  

( c l o s e  t o  zero)  



E~CJT; = emitted f l u x  from detector  

D 
= detector  emissivi ty = .977 

TD = de tec to r  temperature (changed very l i t t l e  during o r b i t )  

2 ED(l-ES) T ~ [ ~ - F ~ ]  = radiance re f l ec ted  from f i e l d  s top 

FD = s i z e  of the  whole i n  f i e l d  s top 

Es = the  polished aluminum f i e l d  s top re f l ec ted  a l l  r ad ia t ion  so 
t h i s  is  e s s e n t i a l l y  zero. 

A c a l i b r a t i o n  w a s  used t o  measure t h e  s e n s i t i v i t y ,  s. The e n t i r e  
I 

f i e l d  of view w a s  f i l l e d  with a constant temperature black body and V 

4 was recorded f o r  severa l  temperatures. Essen t i a l ly  E = uTBB/n f o r  a l l  

angles and so equation 1 becomes 2. 

This c a l i b r a t i o n  i s  not  a measure of s but  r e a l l y  a measure of s t i m e s  

FD. Original ly  F w a s  calculated from the  geometry. 
D 

This problem w a s  discovered when disagreement was found between the  

t o t a l  channel and t h e  long wave scan channel measurements i n  space. For 

the  Nimbus 7 experiment t h e  f i e l d  of view, FD, was measured i n  the  pre- 

f l i g h t  c a l i b r a t i o n  and has been confirmed by comparisons between the  

systems on Nimbus 7. We have chosen t o  use  t h e  measured Nimbus 7 f i e l d  

of view i n  our ana lys i s  of the  Nimbus 6 da ta  s ince  t h e  instruments were 

b u i l t  t o  be iden t i ca l .  This r e s u l t s  i n  t h e  fac to r ,  F = 1.068, which is  

the r a t i o  of measured t o  ca lcula ted  f i e l d s  of view, eq. 4. 

A separa te  shuttered channel with t h e  same design a s  the  t o t a l  

channel was included t o  measure the  time change of s e n s i t i v i t y  of #12. 

This channel w a s  open approximately once a month and, t o  t h e  measurement 



accuracy, i t  showed no change i n  t h e  s e n s i t i v i t y  of 812 f o r  two years  
.... " - a  .,. ,. 8 .  I . . c r ,  $,r 5 .  - 

(Jacobowitz, 1979). 

The re f l ec ted  WFOV detector  was a s imi lar  thermopile with two 

Supers i l  W dome f i l t e r s  outs ide  the  f i e l d  s top t o  absorb in f ra red  radia- 

t i o n  and transmit  the  s o l a r  spectrum. Figure 2 shows the  transmission 
I 

curve. Figure 3 shows a sample time s e r i e s  of raw da ta  covering more 

than two o r b i t s .  The rapid  changes a r e  the  sun b l i p  caused by d i r e c t  

s o l a r  i l lumination.  During t h e  ascending p a r t  of t h e  o r b i t ,  channel 12 

responds t o  changes i n  re f l ec ted  a s  we l l  a s  emitted exitance.  Similarly,  

channel 13 follows the  re f l ec ted  term. On t h e  descending p a r t  of t h e  o r b i t  

/I12 responds only t o  t h e  emitted and i d e a l l y  /I13 should read zero. I n  

t h e  o r i g i n a l  NOAA ana lys i s  a constant o f f s e t  was added t o  t h e  /I13 r e s u l t s  

t o  el iminate negative reading a t  night .  This appeared because the  

f i l t e r  dome temperatures were lower i n  space than i n  the  ground cal ibra-  

t ion .  Basical ly t h i s  means t h e  Vo f o r  13 s-hougd be changed. Also t h e  

exponential change i n  t h e  /I13 reading a f t e r  t h e  sun b l i p  may imply that 

t h e  o f f s e t  v a r i e s  i n  time. House and Giannola have discussed t h i s  ex- 

tens ively  i n  various Nimbus 7 ERB NET p ro jec t  repor ts .  We experimented 

with t h e  inc lus ion of t h i s  e f f e c t  but  s ince  i t  is  s t i l l  unsubstantiated 

we have not  included t h i s  p o t e n t i a l  correc t ion i n  t h e  analys is .  A de- 

t a i l e d  conlparison of in tegra ted  scanning channel emitted measurements 

with the  colocated WFOV measurements might s u b s t a n t i a t e  these  r e s u l t s .  

During t h e  sun b l ip ,  the  d i f fe rence  between 12 and 13 should be t h e  

emitted radiance exitance. Because t h e  angular response of the  two 

channels is  not  t h e  same near the  f i e l d  of view l i m i t e r s ,  t h i s  is not  

t rue.  We have discarded a l l  t h e  da ta  f o r  these  periods i n  the  construction 

of t h e  maps. This has resu l t ed  i n  s u b s t a n t i a l  missing da ta  regions i n  



SW PASSBAND 

10.0 

WAVELENGTH (MICROMETERS ) 

F i g .  2 .  Transmittance of Supersi l  W fused quartz f i l t e r s ,  channel 13. 
Nimbus 6 User's Guide, 1975. 



TYPICAL MEASUREMENTS OF RAW EX ITANCES 
UNCALIBRATED w/m2 AT SATELLITE 

1000. - ASCENDING DECENDING - 
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H 1 
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DIRECT SOLAR 
000.- EARTHS SHADOW 

100. - 
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/. 

Fig. 3.  Sample p l o t  of t i m e  s e r i e s  of measurements f o r  two o r b i t s .  



t h e  analyzed f i e l d s  especia l ly  on the  n ight  o r  descending half  of the  

o r b i t .  The peak of the  sun b l i p  can provide an  es t iamte  of t h e  so la r  

constant i f  t h e  exact angular response of the  detec tor  were accura te ly  

known. More importantly, though, i t  provides a measure of the  time 

v a r i a t i o n  of the  s e n s i t i v i t y  which can be changed by degradation of 

f i l t e r  transmission o r  change i n  absorb t iv i ty  of the  detec tor  thermopile. 

Several inconsis tent  r e s u l t s  have been found from the  measurements 

of t h i s  de tec tor .  F i r s t  albedo ca lcu la t ions  showed r e s u l t s  much lower 

than t h e  climatology. The s o l a r  f l u x  est imates when t h e  sun was a t  the  

edge of the  f i e l d  of view was cor rec t  ( i n  comparison t o  the  s o l a r  chan- 

nels). The emitted f l u x  a t  night  ( t h e  t o t a l  measurement) was l a rge r  than 

t h e  daytime ( t o t a l  minus re f l ec ted)  over oceanic regions, an unl ikely  

s i tua t ion .  The re f l ec ted  measurements on t h e  dark s i d e  of the  e a r t h  

were negative. The s o l a r  f l u x  estimate shows a l i n e a r  decrease of 6%/year 

from t h i s  channel on day to  n ight  and O%/year change on night  t o  day 

b l i p  indicat ing a decrease i n  t ransmiss iv i ty  of t h e  domes (Jacobowitz, 

1978) .  

A l l  these  observations lead us t o  an i n f l i g h t  c a l i b r a t i o n  procedure. 

Equations 3 and 4 a r e  the  transformations from t h e  da ta  w e  received 

and those corrected exitances used i n  the  production of t h i s  a t l a s .  

Reflected = s*Rr* ( 1  + d( t - to ) )  = Rc 

Emitted c 
= Tr*f - Rc . . . day s i d e  

= Tr*f . . . night  s i d e  

R = Recorded re f l ec ted  rad ian t  exitance r 

Tr = Recorded t o t a l  exitance 



,- .? .. . 
f = f i e l d  of view adjustment = 1.068 = measuredl ca lcula ted  

s = scal ing of r e f l ec ted  = .97 *f(+ - .01*f) 

d = tl.me decay of tr, -lsmi:-;..-'o-.l 025/yc,r (+ - .002/year) 

t ,  = time of f i r s t  da ta  (7/76) - 
t = time 

The sca l ing  .2f the  re f l ec ted  f lux ,  s, w a s  estimated by requir ing t h a t  

;she emftced ~ ~ ~ ~ S U ~ ~ L I I C L L C  De C I ~ C  szzz < l n  the  l e a s t  s,,uares sense) day 

and night  over .:-'le mid P a c i f i c  (Fig. 4) f o r  t h e  region 1 8 0 ' ~  t o  225 '~  

&.id 2 7 ' ~  t o  3-7': 3i;y ren months of da ta  were ava i l ab le  f o r  t h i s  t e s t ,  

because of pausi ty of aeaauremelits a t  night  caused by a xezhar.i.-a1 

f a i l u r e  of t h e  s a t e l l i t e  cape recorder. The decay of dome t r a n s m i s ~ i o ~ ,  

d,  vas e s t i ~ i a t e d  by requiring rhe annclal cycle  ~f average emitted f?nx 

t o  be :he f o r  the  t w ~  years c? < ~ y t ; ~ f i p  ~ ? ? ~ u ~ p m e ~ r  s ' p ' i s ,  c' , 

Since ther?  was consistency ir. -the es t jmstes  qf 3 f o r  severai regi-nr .,e 

.?:el j u s t l . E i e ~  F2 usizg ic. It does not a g r w  with the 6% change i n  

s o l a r  measurement by t h e  W O V  c'nannels, but t h i s  could be evidence of 
1 

xon-uniform transmissio2 c h a ~ g e  over t h e  domes. A l l  of these aajustments 

d=stzoy a n j  absolute  zalibrati;: 3f ~ h e  r e s u l t s  5x2 r e l a t i v e  changes 

zre s t i l l  detected. Also, i t  removed any year t c  year change i n  the  
. < 

snz~ual  g lobal  ; ~ , ~ d n  f lxsrs. 

ERROR ESTIMATE 

A c i ~ a ~ c i t a t l i v e  e r r o r  estil1;ste i:. d i f f i c u l t  because only a few other  

measurements can be compared and some of ch_ese-are used i n  the  calibration 
" ' . , Y ; ' ,  ?. 

!'d'"*, , - *, 
adjustments. The i n i t i a l  measurement d ig i t iza ' t ion  e r r o r  i s  .l ~ 1 ~ 2 .  

The absolute e l e c t r i c a l  ca l ib ra t ions  of t h e  thermopiles is  - +2% (Hickey, 

e t  a l . ,  3978). The measurement of the  f i e l d  of view, Fv, i s  accurate t o  51%. 
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The l a r g e s t  uncre ta in ty  appears i n  t h e  sca l ing adjustments, @2%) , *+I  ., 
because a complete physical  explanation i s  not  avai lable .  

THE ANALYSIS PROCEDURE 

The o r i g i n a l  da ta  was rgco,rqed ,ac. 4 s_econd i n t e r v a l s ,  but  t h e  da ta  

we processed were 16 second averages. A l l  the  second da ta  values were 

mapped onto 2070 equal a rea  regions over t h e  ear th .  Theseeareas a r e  

approximately 4.50 by 4.50 g r e a t  c i r c l e  a rc .  Maps w e r e  made f o r  the  

emitted exitance,  Ec, and re f l ec ted ,  Rc, and maximum d i f f u s e  r e f l e c t e d  

exitance f o r  ascending and descending halves of t h e  o r b i t s  (6 maps). 

Data was re jec ted  f o r  those t i m e s  when t h e  sun shone i n t o  t h e  detec tors ,  

0 
about 15% of each o r b i t ,  sun zeni th  angles from 96 t o  123'. These maps 

of t h e  rad ian t  exitance through the  sphere with rad ius  7478 km a t  near 

l o c a l  noon o r  midnight. 

A zero order estimate of t h e  ea r th  albedo is  t h e  re f l ec ted  measure- 

ment divided by t h e  maximum. Similarly,  t h e  zero order emitted rad ian t  

exitance a t  the  top of t h e  atmosphere (TOAM) is  j u s t  t h e  d i s t ance  cor- 

rec ted  map ( o r b i t  r ad ius lea r th  radius)**2. A spher ica l  e a r t h  was assumed 

with a radius  6378 km. These est imates are subs tan t i a l ly  smoother than 

atmosphere f i e l d s .  A r e a l i s t i c  r e so lu t ion  is  t h e  s i z e  of t h e  half power 

2 2 1 
region, 1600 km or  a c i r c l e  15.8Oarc i n  diameter. Inc identa l ly ,  

these procedures were used i n  t h e  e a r l i e r  r a d i a t i o n  budget experiments 

except t h e  Nimbus 2 and 3 scanning analyses. We have chosen a more 

I: ..< . . . 

The half  power region is t h e  c i r c u l a r  cap on t h e  e a r t h  centered a t  the  
sub-sa te l l i t e  point  which contr ibutes  half t h e  t o t a l  power inc ident  on 
t h e  detec tor .  For t h i s  one assumes a u n i t  source function and thus 

2 t o t a l  power on t h e  f l a t p l a t e  de tec to r  is rg/rs or  0.727. The t o t a l  
power a rea  has a diameter of h3O c i r c u l a r  arc .  A s  an i n t e r e s t i n g  side- 
l i g h t ,  t h e  edge of t h e  half  power a rea  occurs a t  t h e  observation zeni th  
angle of 45O. 



complex approach which removes some of t h e  smoothing and includes t h e  

systematic d iu rna l  e f fec t s .  

RESOLUTION ENHANCEMENT 

A measurement a t  s a t e l l i t e  a l t i t u d e  is  an i n t e g r a l  over t h e  f i e l d  

of view of the  radiance leaving t h e  TOAM toward the  detec tor  (Eq. 5). 

s = source radiance dependent on posi t ion ,  view point  and time 

g = weighting dependent on sensor geometry 

.-.. . 
f o r  f l a t  p l a t e  detec tor  

-t 
re = vector t o  source point  a t  TOAM 

-t 
r = s a t e l l i t e  pos i t ion  s 
3 3 3 
r = r - r = observation vector  s e 

(8 ,4)  = co la t i tude ,  longitude e a r t h  coordinates 

The weighting function,  g, depends on t h e  angular proper t ies  of t h e  source 

radiance and t h e  view posit ion.  I f  t h e  function g depends only on t h e  

r e l a t i v e  pos i t ion  of observer and source t h e  equation has a simple solut ion 

EMITTED FLUX 

For the m i t t e d  radiance, ? d i f f u s e  emission model is q u i t e  good 

a t  t h e  TOAM so Equation 5 becomes 6 f o r  t h e  f l a t  p l a t e  detec tors .  

s = E(re) = emitted radiant  exitance a t  TOAM 

I ' 

It can be shown t h a t  spher ica l  harmonics a r e  eigen functions of t h i s  



simplif ied equation with t h e  spher ica l  harmonic addi t ion  theorem (Smith 

e t  a l . ,  1975) Thus equation 7 f o l 1 0 w s : l ; ~ ~ ~  , - - f ~ ~ ~  s n ~  - , x p . J  

N n 

Thus 

where 

Y = spher ica l  harmonics 

(8e,$e) = co la t i tude ,  longitude of e a r t h  point  

(8s,)s) = co la t i tude  and longitude of observation point  

The eigen values,  A, depend only on the  order of the  term, n. Table 2 

shows the  values of A f o r  the  Nimbus 6 o rb i t .  Since h decreases with 

increasing resolut ion ( increasing n) noise w i l l  be amplified a s  one 

extends the  se r i es .  The c o e f f i c i e n t s  a t  s a t e l l i t e  a l t i t u d e  were de- 

termined by numerically in tegra t ing  the  maps times t h e  spher ica l  har- 

monics and using t h e  orthonormal proper t ies  of these functions. 

The series was truncated a t  order 15. Also, terms with 1 grea te r  

than 13 were set t o  zero because these terms were excited by t h e  o r b i t  

sampling. Approximately 13 o r b i t s  occurred each day leading t o  an ar-  

t i f i c i a l  east-west wave number about 13. Truncating the  s e r i e s  and 

dele t ing terms set the  resolut ion of the  f i n a l  maps without introducing 

excessive amounts of noise. 



Table 2. Eigen values of measurement operator, h , ,  

Order Order 

10 

11 

12 

13 

14 

15 



The f i n a l  resolut ion should de l inea te  about (n+l)**2 regions giving 

2 2 a s i z e  of 1000 km o r  10a a r c  diameter half  power areas.2 We f e e l  t h a t  
d l . !  I .,: r . .  ' 

t h i s  procedure improves t h e  s p e c i f i c i t y  of t h e  r e s u l t s  and makes t h e  

s i z e  of t h e  highs and lows more representa t ive  of t h e  rad ia t ion  budget 

a t  t h e  top of t h e  atmosphere. This resolut ion means t h a t  points  separated 

by 1100 lan are s t i l l  highly corre la ted .  Independence is not obtained 

u n t i l  about 1500 km (42 x 1100 km). This same statement is t r u e  of t h e  
l i  . 

conventional ana lys i s  except t h e  respect ive  s i z e s  a r e  1700 km and about 

2400 km. One should then be very cautious when discussing small s c a l e  

fea tures .  

. - 
REFLECTED EXITANCE; ALBEDO 

Calculat ion of d a i l y  average albedo from any measurement o r  a group 
~ . .  

of meakufementi re(iuiies severa l  assumptions. F i r s t  foconver t  a s e t  of 

radiance measurements i n t o  f l u x  ( t h e  i n t e g r a l  of radiance of a l l  up angles)  
1) 

one must assume some form of the  angular pa t t e rn  of r e f l ec t ion .  In- 

c ident ly  t h e  prime purpose of t h e  scanning component of the  Nimbus ERB 

experiment systmes is t o  measure t h i s  function. From a small s e t  of 

scanner measurements from Nimbus 6 ,  Campbell and Vonder Haar (1978) showed 

t h a t  a d i f f u s e  r e f l e c t i o n  pa t t e rn  is reasonably accura te  f o r  l a r g e  s c a l e  

wide f i e l d  of view measurements. One can then est imate a zero order a l -  

bedo a t  t h e  time of measurement by ca lcula t ing the  maximum re f l ec ted  

d i f f u s e  f lux ,  Rmax, a t  the  sensor, Eq. 8. 

I n  analogy with t h e  half power region ca lcula ted  above, t h e  250 
coef f i c ien t s  [(15+1) 2-61 speci fy  250 regions. Half the  a rea  of 
these  correspond t o  the  half  power resolut ion of t h e  enhanced reso- 
l u t i o n  analysis .  



+ n A 

Rmax ; sun = I r e  sun g dn 

where the  in tegra t ion  is ca r r i ed  ou t  over a l l  points  i n  t h e  
f i e l d  of view. 

" b 

I = s o l a r  constant adjusted f o r  e a r t h  sun distance. 

Thus a. = Rc/R- 

R depends on the  satell i te a l t i t u d e  ( t h e  g function) and t h e  sun 
max 

zeni th  angle ( l o c a l  noon) a t  the  s u b s a t e l l i t e  point.  The s o l a r  constant 

2 was chosen t o  be 1376 W/m from Hickey et  a l .  (1980). 

This method neglects  t h e  systematic change of albedo with sun angle 

during the  day. This is especia l ly  important f o r  t h e  Nimbus 6 ana lys i s  

because of t h e  near noon o r b i t  (11:45 loca l ) .  Measurements of most sur- 

f aces  show t h e  lowest albedo a t  t h e  highest  zeni th  angle. Figure 6 

shows some observations and models of t h i s  v a r i a t i o n  from the  ana lys i s  

of t h e  Nimbus 3 experiment (Raschke e t  a l . ,  1973). We have chosen t o  

use the  land-cloud model from t h e  N-3 ana lys i s  i n  two ways. F i r s t ,  the  

maximum r e f l e c t e d  f l u x  is  adjusted with the  inc lus ion of the  model, Eq. 

9. 

m +- -f 

Rmax (r s r sun 1 = I G G sun f(Ge ;sun) g dl1 

f (;e ? ) = d i r e c t i o n a l  r e f l ec tance  funct ion 
sun 

thus 

t l o c a l  = l o c a l  time of measurement 

Since the  l o c a l  time is  near noon, Rmax is general ly l a rge r  than the  

d i f f u s e  model maximum implying a lower noon time albedo than the  d i f f u s e  

assumption f o r  ERB. Second, though, one must convert t h e  near noon a l -  

bedo t o  t h e  d a i l y  average again using the  model, Eq.  10. 
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;I t -  KORB A N D  MOLLER (1 962), cu (1000 m) . . . , I  , ,.;; , 

e- --a KORB A N D  MOLLER (1962), st (500 mi) 

0 P U S S  AND KATTAWAR (1 968), A = 0.8, t = 10 

1.5 8 PLASS A N D  KATTAWAR (1968), A = 0.6, 7 = 10 

v PLASS A N D  KATTAWAR (1 968), A = 0.2, T = 10 

Calculations 

L 1 I I I I I I 1 I 
1 0° 20° 30° 40° 50' 60° 70° 80° 90° 

ZENITH ANGLE OF THE SUN 
. -  . 

Fig. 6. Direction reflectance function from Raschke et al. 
(1973). 



A h 

- 
a 1 = 'dayal ( t local )  re*rsun (tlocal ) t l o c a l  

J; 0 ;  

e sun t l o c a l  

One can c a l l  t h i s  a f i r s t  order d a i l y  average albedo estimate. 

Figure 7 shows t h e  d a i l y  average albedos of a cloud l i k e  surface  

over the  whole globe f o r  d i f f e r e n t  times of year. This is the  r e s u l t  

of subs t i tu t ing  .3  f o r  al i n  equation 8 and p lo t t ing  al. One sees  

q u i t e  l a r g e  changes with changing i l lumination conditions. 

Another important e f f e c t  is t h e  smoothing of t h e  r e f l e c t e d  f l u x  

f i e l d  occurring because t h e  measurements are made a t  1100 lan ra the r  than 

a t  t h e  top of the  atmosphere. I n  analogy wi th  the  reso lu t ion  enhancement 

of t h e  emitted f l u x  t h e  measurement f i e l d  Rc ( and the  maximum R max 

(Ps) have been expanded i n  spher ica l  harmonic coef f i c ien t s .  These coef- 

f i c i e n t s  w e r e  amplified by t h e  eigen values of t h e  d i f f u s e  model and then 

a higher resolut ion r e f l e c t e d  f lux  and maximum f i e l d s  were reconstructed 

(Eq. lly 12¶ 13). 

R ( 1  = r1 Y' 
max n , l  mn n 



MODEL PREDICTION OF ALBEDO FOR 
CONSTANT SURFACE TYPE 

k * 
Fig. 7. Model p red ic t ed  albedo f o r  a  su r f ace  wi th  33% albedo a t  

s 11 .,! .,,! t h e  equator  on t h e  equinox. Based on t h e  Nimbus land- 
I cloud model (Raschke e t  a l . ,  1973 ) 

Contour i n t e r v a l  i s  2.5%. 



Then a second order  l o c a l  t i m e  albedo is t h e  r a t i o  of these  higher  

r e so lu t ion  f i e l d s ,  (Eq. 13). 

F i n a l l y  t h e  d a i l y  average albedo i s  estimated v i a  equation 1 3  t o  

inc lude  t h e  systematic  d i u r n a l  va r i a t ion .  

These f i n a l  r e s o l u t i o n  enhancement s t e p s  a r e  j u s t i f i e d  by examining 

t h e  r e s u l t a n t  albedo maps. Cer ta in  expected f e a t u r e s  l i k e  t h e  b r i g h t  

i n t e r t r o p i c a l  convergence zone, t h e  b r i g h t  Sahara and t h e  c o n t r a s t  

between land and ocean a r e  b e t t e r  resolved a s  displayed i n  t h e  before 

and a f t e r  maps (Fig. 8). The a n a l y s i s  of t h e  Nimbus 7 scanner d a t a  

compared t o  t h e  WFOV may confirm o r  deny t h e  u t i l i t y  of these  s teps .  

The f i n a l  accuracy is d i f f i c u l t  t o  es t imate  without independent high 

r e so lu t ion  measurements. The models a r e  known t o  perhaps + 10% f o r  

p a r t i c u l a r  source f i e l d s ,  and t h e  combination i n t o  a s i n g l e  e a r t h  f i e l d  

presents  more problems. The adjustment wi th  t h e  model changes the  albedo 

by about 10% so t h e  e f f e c t  of t h i s  unknown is perhaps - + 1%. The combined 

e r r o r  es t imate  f o r  t h e  monthly average albedo is  then + 4%. 

Figures 8a, b and c show an  example of t h e  t ransformations.  The 

f i r s t  of each p a i r  of p l o t s  shows t h e  r e s u l t s  of t h e  conventional ana lys i s  

scheme wi th  j u s t  a d i s t a n c e  correc t ion .  The noisy looking p l o t s  r e s u l t s  

from t h e  mapping of t h e  d a t a  i n  t h e  r e l a t i v e l y  small regions (500 krn x 

500 km). This no i se  a r i s e s  from uneven space and time sampling. One 

should b in  t h e  d a t a  i n  regions about t h e  s i z e  of t h e  ha l f  power f o r  t h e  

f i n a l  presenta t ion .  The same th ing  could be  accomplished wi th  a s p a t i a l  

smoothing f i l t e r .  



EMITTED EXITANCE (w/m2) 

Ascending Measurements Only 

2 Distance Corrected (Rs /R,~) 

Resolution Enhancement 

Contour Interval 20 w/m2 

Fig %a. Comparison of August 1975 emitted exitance with ".' ' 

conventional analysis and the resolution enhancement 

analysis scheme. Only data from the ascending half 

of the orbit (day time) was included. 



EMITTED EXITANCE (~/m2) 

Ascending and Descending Measurements 

2 Distance Corrected (Rs /ge2) 

1 ,I" 

Resolution Enhancement 

Contour Interval 20 W/m 
2 

Fig 8b. Comparison of August 1975 emitted exitance with conventional 

analysis and the resolution enhancement analysis scheme. 



ALBEDO (%) 

Reflected / Max. Reflected , a, 

- 
Resolution Enhanced, a2 

Contour Interval 5% 

Fig 8c. Comparison of August 1975 albedo with conventional analysis 

and the resolution enhancement scheme. 





GLOBAL AVERAGES 
$ ,  . I ,  

Table 3 shows t h e  two years of g lobal  average rad ia t ion  budget I f  

estimates. The seasonal v a r i a t i o n  agrees with the  climatology and re- 

s u l t s  discussed by E l l i s  e t  a l .  (1978). The interannual  d i f ferences  

have been suppressed by t h e  c a l i b r a t i o n  scheme but some di f ferences  a r e  

s t i l l  evident. The f a c t  t h a t  each year shows a n e t  r a d i a t i o n  gain is 

probably an ind ica t ion  of systematic e r ro r s .  A small change i n  the  r a t i o  

of t h e  measured t o  ca lcula ted  f i e l d  of views, f = F,/F~, equations 3 and 

4, would bring the  globe i n t o  balance. I f  f were 1.1 r a t h e r  than 1.068 

both the  emitted exi tance  and albedo would increase by 3% giving net  

2 
equal t o  zero (+ - 1 W/m ). It may be t h a t  the  Nimbus 6 instrument i s  

s l i g h t l y  d i f f e r e n t  than Nimbus 7. Some de ta i l ed  s tud ies  of t h e  overlap 

tiem period a f t e r  launch of 7 might resolve  t h i s .  An a l t e r n a t e  ca l ibra-  

t i o n  method might be t o  f o r c e  the  annual n e t  t o  be zero, f o r  ins tance  

Campbell and Vonder Haar (1980b) use t h i s  i n  energet ics  s tudies .  

ZONAL FIELDS 

Because of t h e  s t rong zonal symmetry of t h e  average weather, a 

s imi la r  symmetry appears i n  t h e  rad ia t ion  maps. Much of t h e  annual 

v a r i a t i o n  can be seen i n  the  zonal mean p l o t s ,  Fig. 10, Table 3 .  T h i s  

can be compared t o  Fig. 1, the  climatology. One sees  immediately more 

va r ia t ion  of  the  maximum and minima. Some of t h e  d i f fe rences  between 

old  and new are caused by the  weather but  much i s  caused by the  reso- 

l u t i o n  changes. The albedo est imates of Nimbus 6 appear t o  be a r t i -  

f i c i a l l y  high near the  terminator due t o  t h e  ana lys i s  scheme. Albedo 

est imates a r e  q u i t e  d i f f i c u l t  when p a r t  of t h e  scgne is  dark. Also when 

measurements a r e  attempted ou t s ide  t h e  high sun angle s i t u a t i o n s  (beyond 
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Fig .  9a 

ZONAL AVERAGE EMITTED EXITANCE (w/m2) 

EQ. - 

9O0S- O C .  . I . I , . . G l t  , , 0 7 ,  , , . , , , , GlC 

J i s  o N DIJ F M  AM^ J A"S o N DIJ F M A M'; 
1975 1976 ' 1977 

Fig.  9b 

ZONAL AVERAGE ALBEDO (Ole) 

Fig.  9. Contour p l o t s  of time v a r i a t i o n  of zonal  mean 
e x i t a n c e ,  a lbedo and n e t  r a d i a t i o n  f o r  2 years .  
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Fig. 9c 

ZONAL AVERAGE NET  RADIATION ( w/rn2) 

EQ. 
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Table 3h. 

ALL bL+UBE ZOIUAL AVERAGE ALBLDO w/m2 
ZOhE 7 / 7 5  8 / 7 5  9 / 7 5  1 0 / 7 5  1 1 / 7 5  1 2 / 7 5  1 / 7 6  2 / 7 6  3 / 7 6  4 / 7 6  5 / 7 6  6 / 7 6  Y L A H 1  

ALL GLUHE ZONAL AVLHAGE ALbLUU 

B U N K  7 / 7 6  8 / 7 6  9 / 7 6  1 0 / 7 b  1 1 / 7 6  1 2 / 7 6  1 / 7 7  2 / 7 7  3 / 7 7  4 / 7 7  5 / 7 . l  b / 7 7  
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9:00 t o  15:OO l o c a l ) ,  t h e  r e s u l t s  a r e  more model sens i t ive .  Both these 

problems occui  with N-6 near t h e  poles. One concludes t h a t  more measure- 

ments a r e  needed t o  g e t  more accuracy i n  these  regions of 1 ~ w  sun angles. 

These r e s u l t s  a r e  very similar t o  Jacobowitz et  a l .  (1978) except 

t h a t  we show l a r g e r  gradients  and higher peaks. This of course is  pro- 

duced by t h e  ana lys i s  scheme. The v a r i a t i o n  of the albedo is  s i g n i f i c a n t l y  

d i f f e r e n t  i n  some d e t a i l s ,  Fig. 10. Our albedo est imate shows more var ia-  

t i o n  i n  t h e  t r o p i c a l  region, 30°N t o  30°s, although t h i s  may be due t o  

the  contour i n t e r v a l  chosen. This i s  evident i n  June and July ,  1975 

where w e  es t imate  t h e  albedo a t  5 ' ~  t o  be 27% and t h i s  f e a t u r e  i s  missed 

by the  Jacobowitz e t  a l .  analysis .  

The ana lys i s  by Winston e t  a l . ,  1979 a l s o  covers t h i s  time period. 

Their r e s u l t s  a r e  from high resolut ion scanning instruments with narrow 

s p e c t r a l  responses. We have not done a de ta i l ed  comparison with t h e i r  

r e s u l t s  but  Fig. 11 shows t h e i r  est imate of n e t  radia t ion.  Of course 

t h e  bas ic  pa t t e rn  is  synchrorized with the  sun, but t h e  ne t  r ad ia t ion  

gained i n  the  t rop ics  i s  l e ss  and more is  l o s t  i n  t h e  polar  regions. 

This corresponds t o  t h e  r e p o ~ t e d  global  and t i m e  average n e t  r ad ia t ion  

l o s s  t o  space, whereas our r c s u l t s  a r e  biased t h e  o ther  way. A de ta i l ed  

comparison of t h e  maps would be very i n t e r e s t i n g  t o  determine i f  the  

d i f ferences  a r e  j u s t  systematic over the  whole globe o r  whether t h e  

d i f ferences  a r e  concentrated i n  p a r t i c u l a r  regions and perhaps caused by 

the  s p e c t r a l  response differr:nces. Ramanathan and Breigle ib  (1980) a t  

NCAR a r e  undertaking a study of t h i s  kind. 

ZONAL REGIONS 

Campbell and Vonder Haai. (1980b) showed from the  climatology t h a t  

a f r u i t f u l  f i r s t  regional  se1)aration i s  the  averages over land and ocean 

I 
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surfaces.  Figures 12 and 13 a ,  b, and c and Tables 4 and 5 show the  two 

year time sequence of emitted and r e f l e c t e d  ex i tance  and n e t  rad ia t ion .  

The annual cyc le  synchronized with t h e  sun i s  obvious. A s  seen i n  t h e  

climatology the  v a r i a t i o n  of seasonal  ct.anges over land genera l ly  has 
I 

a higher amplitude than over ocean a s  o r e  would expect from the  d i f f e r ence  

i n  hea t  capacity.  I n  f a c t ,  t he  emitted component over t h e  ocean shows 

a very weak seasonal  change south of the equator from 0's t o  50's. The 

northern t r o p i c a l  oceans (0-30'~) show t igger  changes but  a r e  r a t h e r  dis-  

organized. North of 30°N and south of '0's one sees  t h e  seasonal change 

with matching changes i n  sea  and a i r  teuperature.  I n  con t r a s t  t h e  sea- 

sona l  wave i n  emitted i s  c l e a r  i n  a l l  lsnd regions. 

The time change i n  albedo from 45'5 t o  45's is  p a r t l y  modulated by 

s o l a r  i l luminat ion  angle and mean weather changes. Again one sees  bigger 

changes over t h e  land than ocean. The Fa t t e rns  though a r e  r a t h e r  dis-  

organized. I n  t h e  polar  regions (45' snd poleward) t h e  time change is  

dominated by t h e  d i r e c t i o n a l  ref lectance e f f ec t .  Snow may cause the  

increase  i n  albedo i n  spring over f a l l  kut  t h i s  r e so lu t ion  da t a  does not  

allow observat ion of a snow l i n e .  1 1  -~ 

The n e t  f l u x  shows very l a r g e  seascnal  change of course produced 

by changes i n  d a i l y  average s o l a r  i n s o l ~ t i o n .  The near  symmetry i n  t he  

ocean p a t t e r n  shows t h a t  t h e  southern a rd  northern ocean c l imates  a r e  

very  s imi la r .  I n  f a c t ,  most of t h e  d i f f e r ence  between t h e  southern maxima 

(147 + 151)/2 = 151 and northern (129 + 124)/2 = 126 can be explained by 

2 
e a r t h  sun d i s t ance  changes (7%*solar cor s t a n t  * (1-albedo) = 19 W/m ) . 

' I  
In  con t r a s t ,  t he  land zonal averages are ' much d i f f e r e n t  because t h e  

ocean l i k e  cl imate dominates t h e  small  zmount of land south of 35's. 

Also presented a r e  t he  year t o  year d i f f e r ences  (Fig. 14). I f  one 

compares ind iv idua l  po in ts ,  t he  d i f  ferertce from year t o  year of t h e  f i e l d s  
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Fig.  12.  Zonal average of ex i t ance ,  a lbedo and n e t  f o r  j u s t  
ocean reg ions .  
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Table 4a.  

OCCAb ZONAL A V h R A G E  EMITTED E X I T A b C E  w/mZ 
ZONE 7/75 8/75 9/75 10/75 11/75 12/75 1/76 2/76 3/76 4/76 5/76 6/76 Y E A K 1  

185. 
198. 
197. 
210. 
222. 
249. 
255. 
234. 
230. 
261. 
2 6 6 .  
254. 
231 .  
210. 
195. 
173. 
l b l .  
109. 

u C ~ A i d  ZONAL AVLHAGL EMI'fTED L X l T A l C E  w/m2 
ZUNE 7/70 8/76 9/70 10176 11/7h 1L/7b 1/77 2/77 3/77 4/77 5/77 6/77 YEAH 2 

20b. 
215 .  
1 2 1 .  
Z l d .  
225.  
247. 
201 
237: 
224. 
2 3 b  
264: 
256. 
2 2 9 .  
2u2. 
l d 9 .  
1 5 9 -  
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2 i s  j u s t  a t  t h e i r  r e l a t i v e  accuracy of - + 5 W/m o r  - + 1% f o r  the  albedo. 

These 

time, 

di f ferences ,  though, a r e  organized over l a r g e  a reas  i n  space and 

making them s ign i f i can t .  'I 
The l a r g e s t  d i f fe rences  appeax i n  March and a r e  probably caused by 

T1 
poor data  sampling i n  one of t h e  two years. I n  the  r e s t  of t h e  year the  

period from Ju ly  t o  December shows more energy gained i n  1976 than 1975. 

I n  t h e  o ther  s i x  months of the  year, higher ne t  appears i n  the  f i r s t  year 

I 
pr imari ly rrom 40°N t o  40'5. This f e a t u r e  appears t o  be caused by change 

more i n  t h e  emitted than i n  the  albedo. The albbeedo di f fereqces  a r e  very 
I 

small so one could say t h a t  there  is  no change i n  albedo from one year 

t o  the  next except along the  equator where it  was lower t h e  f i r s t  year 

than the  second and a t  l o O N  where i t  was higher the  f i r s t  year. This 

might have been a s h i f t  northward of t h e  convergence zone and its as- 

socia ted  cl.ouds, 

I 
Over t h e  ocean these  bands of d i f fe rence  near the  equator a r e  more 

obvious i n  the  emitted and albedo. It is not  apparent i n  the  ne t  over 

t h e  ocean indicat ing the  cause, probably a cloudiness change, showed 

rec ip roc i ty  between emitted and absorbed damping out  t h e  change i n  the  

net .  The ocean ne t  t i m e  v a r i a t i o n  patt ,ern i s  much the  same a s  t h e  f u l l  

I 
l a t i t u d e  zone i n  t h e  northern hemisphere. The southern hemisphere i s  

mostly ocean so of course they match w e l l  there. Also of i n t e r e s t  i s  

t h e  emission i n  t h e  f i r s t  year i n  t h e  northern and southern mid-latitude: 

Over t h e  land regions the  changes i n  emitted a r e  l a r g e r  than over 

t h e  ocean, although not  a s  simply organized i n  time. Figures 15 and 16 

show t h e  pers is tence  of some of t h e  fea tu res  i n  t h e  annual zonal means. 



Fig. 14. Differences, year 1 minus year 2, of the  zonal averages. 
Nine p l o t s  a r e  presented f o r  land, ocean and a l l  l a t i -  
tude zone and f o r  emitted, albedo and n e t  radia t ion.  





ZONAL REGIONAL ANNUAL MEANS 

Fig. 16. Zonal annual means of 
i t  iemit ted exi tance ,  albedo, and n e t  

r a d i a t i o n  f o r  land and ocean re- 
, v g ions f o r  each of t h e  two years .  
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VARIANCE 

Another est imate of the  year t o  year d i f fe rence  i s  presented i n  
. f t  -ji\$, y ,< t.17 ,,, 

Figure 17. ,This is a map of the  square root  of the  variance,  eq. 16. 

The most i n t e r e s t i n g  f e a t u r e  is t h e  a r c  of l a r g e  var iance  along t h e  nor th  

coast  of the  P a c i f i c  Ocean and i n  the  south Paci f ic .  

MONTHLY MAPS 

The monthly maps, Appendix 1, show t h e  emitted radiant  exitance 

measured on the  ascending port ion of t h e  o r b i t ,  near l o c a l  noon. The 

albedo and derived ne t  r ad ia t ion  a r e  a l s o  presented. No sharp d is-  

c o n t i n u i t i e s  appear i n  the  maps because of the  ana lys i s  by way of spher- 

i c a l  harmonics. This produces t h e  wave l i k e  pa t t e rns  i n  t h e  e a s t  west 

d i rec t ion.  
i( 

The o r b i t  t racks  went from bottom r i g h t  t o  top l e f t  a t  about 80' 

: 1, 
from t h e  hor izonta l  so  fea tu res  or ienta ted  a t  t h a t  angle a r e  suspicious. 

For instance,  February 1976 has a sampling problem espec ia l ly  i n  t h e  

Paci f ic .  This problem occurs more o f t en  i n  t h e  f i r s t  year than the  seconc 

because the  instrument was being turned on and off  t o  supply power t o  

o ther  Nimbus experiments. I n  t h e  second year the  da ta  was nearly con- 

tinuous i n  t i m e  except f o r  drop ou t s  i n  most descending o r b i t  halves. 

From a q u a l i t a t i v e  examination of t h e  maps, o r b i t  t r acks  appear i n  July  

and October, 1975, February, March, June and Ju ly  of 1976. The spher ica l  

harmonic coef f i c ien t s  could have been truncated f u r t h e r  t o  smooth out  

t h e  wiggles. But f o r  s tud ies  with t h i s  da ta ,  f ea tu res  smaller than 

1100 km a r e  t o t a l l y  ins ign i f i can t  and only f e a t u r e s  a t  2200 km a r e  t ru ly  

resolved, so we chose t o  ignore t h e  problem. 



Fig. 17. Map of t h e  square roo t  of t h e  var iance  of t h e  ne t  
r ad ia t ion ,  a summary of t h e  l a r g e  year  t o  year  dif- 
ferences,  use  overlay f o r  loca t ions .  



We could now give  q u a l i t a t i v e  desc r ip t ions  of each month and i n  

f a c t  present  year t o  year d i f fe rence  maps. This i s  not  very f r u i t f u l  

without reference t o  simultaneous atmospheric events. That discussion 

w i l l  be deferred t o  Campbell, 1980. 

CONCLUSION 

This repor t  i s  primari ly desc r ip t ive ,o f  our ana lys i s  metho.$ and of 
+ 

t h e  data f i e l d s  derived. Because of t h e  l i m i t a t i o n s  i n  t h e  instrument 

and c a l i b r a t i o n  procedure w e  resor ted  t o  an  i n f l i g h t  ca l ib ra t ion .  This 

depended on t h e  Nimbus 7 c a l i b r a t i o n  t o  a d j u s t  the  t o t a l  channelmeasure- 

-- t 
ments. Second, the  re f l ec ted  channel w a s  ca l ib ra ted  by comparing day and 

night  i n  the  Paci f ic .  Third, t h e  time decay of t h e  r e f l e c t e d  channel 

I 
was estimated by comparing t h e  second year t o  t h e  f i r s t .  

1 

Some of these adjustments could be done b e t t e r  i f  de ta i l ed  compari- 

sons a r e  made with t h e  Nimbus 7 experiment r e s u l t s .  Especial ly important 

is t o  resolve  the  contamination of the  r e f l e c t e d  channel r e s u l t  by t h e  

apparent dome temperature changes. The de ta i l ed  comparison between channel 

I 
13  measurements and i n t e g r a l s  of t h e  scanning channel radiances could 

de tec t  t h i s  e f f e c t .  F i n a l l y , - t h e  time v a r i a t i o n  of t h e  s e n s i t i v i t y  can 

be determined by the  r e c a l i b r a t i o n  by comparison a t  the  Nimbus 7 launch. 

Many t a n t a l i z i n g  year t o  year d i f ferences  have been described. The 

data  show s u b s t a n t i a l  changes i n  the  emitted exitance and albedo around 

t h e  i n t e r t r o p i c a l  convergence zone, probably due t o  systematic changes 

i n  t h e  cloud fea tures .  The northern coast  of t h e  P a c i f i c  shows bigger 

year t o  year changes than other  areas.  The t a sk  remains t o  compare these 

v a r i a t i o n s  with changes i n  monthly mean weather. Campbell (1980) w i l l  

present  these  r e s u l t s .  
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