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I. INTRODUCTION 

The microwave radiances which 
leave the atmosphere and are re­
ceived by a satellite-borne radio­
meter depena on the state of the 
atmosphere/ocean system. This fact 
is the base for the microwave re­
mote sensing, but it also reveals 
a proble..rn with which one is faced 
when applying this method: A mi­
crowave observation at a certain 
frequency depends in general on 
more than one parameter (e.g. wa­
ter vapor and liquid water con­
tent, SST or roughness of the sea 
surface). Thus, in order to re­
trieve one of these parameters, 
more than one observation is ne­
cessary to correct for the effects 
of the others. 

The question arises: Does an opti­
mum set of frequencies exist to be 
used by a satellite-Dorne micro_. 

wave radiometer? Cr: Is there in­
dependent information in the dif­
ferent channel ooservations? To 
understand the dominant influence, 
one can calculate with a radiative 
transfer model the radiances at 
the top of the atmosphere at dif­
ferent frequencies for varying 
atmospheric/oceanic states. Or one 
can derive the weighting functions 
to determine this part of the 
atmosphere/ocean system where the 
main contribution of the signal 
received by the radiometer comes 
from. A statistical analysis of 
the radiances at different fre­
quencies can in principal give no 
new information, it only compres­
ses the information and supports 
an easier interpretation. 

In our study the frequency-depen-
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dent microwave radiances at satel­
lite level are calculatea for many 
different atmospheric/oceanic 
states given by rawinsonde as­
cents, and their interrelations 
are derived by covariance and cor­
relation matrices. These matrices 
are then analysed by a Principal 
Component Analysis. Empirical Or­
thogonal Functions (EOF) are cal­
culated to compress information 
content and to find independent 
information in the radiance at 
different frequencies (channels). 

II. MODEL AND DATA 

A radiative transfer model was 
developed by one of the authors 
(C. Simmer) to compute the radia­
tion intensity distribution be­
tween 1 and 1000 GHz within a 
plane-parallel vertical inhomoge­
neous atmosphere. The model is 
based on the solution of the 
polarisation-dependent raaiative 
transfer equation with the succes­
sive oraer of scattering method 
(e.g. [1]). The following coeffi­
cients and boundary conditions are 
used: 

- absorption coefficients for wa­
ter vapour after Liebe and Layton 
[2] with the 1989-version of their 
Millimeter Propagation l'bdel 
(priv. communication by Liebe, 
1989); 
- absorption and scattering coef­
ficients for liquid water within 
clouas and rain determined from 
Mie-coefficients ccmputed via Mie­
theory [3], using the formulation 
developed by Deinnendjian [4]; 
- polarisation-dependent phase 
functions determined from the 
Mie-coefficients by the formula-
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tion in [5]; 
- Fresnel reflection of the plane 
ocean surface (Fresnel-equation 
after [6]), using the dielectric 
constants of saline water given 
in [7]; 
- influence of wind-induced waves 
and of foam at frequencies smal­
ler than 40 GHz, with a parametri­
sation basea on measurements by 
Hollinger [8] and Stogryn [9], re­
soectively. Alternatively (espe­
cially for higher frequencies), 
the surface reflection can be com­
puted by division into individual 
specular reflecting facets [10] 
with their wind-dependent angular 
distribution given by Cox and Munk 
[ 11 ] . 

The atmospheric conditions and 
the state of the ocean surface 
were described by 1400 rawinsonde 
ascents and the corresponding syn­
optic observations over the North 
Atlantic Cbean auring April to Cb­
tober 1979 (FGGE). Since observa­
tions of the liquid water content 
LWC are not available, a parame­
trisation was used. For each ra­
diosonde ascent for which conden­
sation was reached at some level 
the adiabatic liquid water content 
was calculated and then reduced 
according to the profile given by 
Warner [ 12j. 

Fo.r the statistical analysis of 
the satellite data we used the 
observations from SS'1/I over the 
Atlantic CX!ean during Cbtober 
1989. The Atlantic Cbean was divi­
ded into 9 areas, each 10° longi­
tude wide and 60 ° latitude long (4 

· from the equator to 60 ° N and 5 
from the equator to 60 ° S). Only 
the 5 lower channel observations 
(19.35 and 3 7.0 GHz both horizon­
tal and vertical polarization and 
22.23 GHz vertical polarization) 
were used. The 85.5 GHz data was 
excluded because it was not avai­
laole for this period. 

III. STATISTICAL ANALYSIS 

For the statistical analysis a set 
of 1400 brightness temperatures at 
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the top of tne atmospnere was cal­
culated based on the rawinsonde 
ascents which covers almost all 
possiole weather situations over 
the North Atlantic. In order to 
compare the .results with the SS1/I 
observations of the 5 channels 
between 19 and 37 GHz, we restric­
ted the calculation to the fre­
quency range of 5 to 37 GHz and a 
satellite zenith angle of 53 °. Tne 
computations were carried out for 
24 frequencies. Instead of the ac­
tual brightness temperatures Ta 
transformed brightness tempera­
tures TTa were used: 

The so transfonned brightness tem­
perature decreases almost linearly 
with increasing precipitable water 
w. 

All brightness temperatures in the 
given frequency interval are well 
correlated. The maximum of the 
correlation and of the covariance 
is found at the water vapor ab­
sorption line at 22.235 GHz. The 
extension of the correlation maxi­
mum in the direction perpendicular 
to the diagonal (one to one corre­
lation) i� due to the symmetry of 
the absorption line near the 
cent.re. The conclusion from these 
matrices is that there is no fre­
quency channel with an independent 
information. 

In order to investigate whether a 
combination of channels yields se­
parate-information, the EOFs were 
calculated from the covariance ma­
trix. The structure of the first 
eigenvector, it explains 86 i of 
the total variance, is very simi­
lar to that of the aosorption co­
efficient. That means, it mainly 
describes the variance of the to­
tal precipitable water W. A change 
in W is followed by a change of Ts 
at all frequencies in the same di­
rection. The second eigenvector 

(13% of the total variance) agrees 
in so far with the first, that the 
contribution from the lower fre-
quencies(< 15 GHz) is small, that 



means both are dominantly affected 
by the atmospheric parameters. For 
higher frequencies a change of the 
sign is the striKing feature, if 
the contribution from the frequen­
cies around the centre line is ne­
gative, higher frequencies give a 
positive one and vice versa. This 
behaviour points to the influence 
of the liquia water path, Lw?. 
This is also confirmed by the cor­
relation between the principal 
components Cii ana the atmospheric 
parameters: c1 is well correlated 
with W (-0.85) and c2 with LWP (-
0.79). (The negative sign follows 
from the transformation of TB.) 
The thira eigenvector with about 
1 % of explained variance shows a 
distinct difference oetween the 
horizontal and vertical polarized 
components. The first is negative 
and nearly constant for all fre­
quencies, the secona positive and 
increasing with increasing fre­
quencies. This points to the fact 
that it is affected by the surface 
winds v. That is confirmed by the 
high correlation between v and c3 
of 0.87. 

In order to check the significance 
and staDility of the eigenvectors 
we used two different methods. Ac­
cording to Farmer [13], the eigen­
values of a covariance matrix pro­
duced by random numbers follow an 
exponential decrease with increa­
sing eigenvectors. Thus according 
to this qualitative test the first 
two eigenvectors are clearly sig­
nificant. The third and fourth de­
viate only little from the expo­
nential curve and thus are just 
significant. In order to check the 
stability we performed an error 
analysis. We added to each of the 
TB an error (normally distributed 
random numoers er- = 1 . 5 K) and 
analyzed the new data in the same 
way as before. The first two 
eigenvectors do not change at all, 
the next two become a little noi­
sier, but have still the same 
structure, and the 5th and 6th 
even change their structure. Thus 
we conclude that there is signifi­
cant and stable information in the 
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first four EOFs. 

The analysis is then applied to 
actual observations of SSM/I. 
Since there are 5 channel observa­
tions, the eigenvectors have 5 
components. These are shown in 
Fig. 1 for the 9 Atlantic areas 
and for model results (North At­

lantic 08ean as before). The first 
two eigenvectors agree very well 
with those of the simulated data. 
There is also little variance be­
tween the 9 areas. The conclusion 
derived from the model data can 
therefore be transferred to the 
actual observations. The variabi­
lity of the third eigenvector is 

much larger. The general structure 
as given in the simulation data is 
certainly maintained in most areas, 
but there are a few large diffe­
rences e.g. for the 19 v and 3 7  h 
channels of all North Atlantic 
areas. 

Due to these facts we mainly treat 
only tne first two eigenvectors in 
the further analysis, for which 
again the simulated data are used. 

For the 5 lower S.sM/I channels 
there exist two significant eigen­
vectors '. Since the eigenvectors 
are ortfiogonal, they yield inde­
pendent information. Thus we can 
conclude that it is possible to 
determine two parameters based on 
these observations. The correla­
tion calculation between the prin­
cipal components Ci and the 
atmospheric/oceanic parameters has 
shown that W and LWP are closely 
related to the first and the se­
cond eigenvector, respectively. 
But part of their variance is con­
tained in the second or first ei­
genvector, respectively: 

parameter correlat. coeff. 
c 1, w - 0.85 
c2, w 0.52 
c1, LWP - 0.59 
c2, LWP - o. 79 

It follows that aoout 99% (97%) of 
the variance of W (LWP) can be ex­
plained by the two first eigenvec-
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First three eigenvectors of the brightness temperatures for the 
5 lower channels of SS'1/I for the 4 North Atlantic regions (full 
columns), 5 .south Atlantic regions (open columns) and the simu­
lated Ta (hatched columns); on the right contribution of each 
eigenvector to the total variance. 
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tors. Tnis relation can be used to 
determine w anu LwP tnrough the 
knowledge of tne two eigenvectors. 
The accuracy is 1.4 Kg/m2 for W 
and 0.04 Kg/m2 for LWP. Aoout the 
same numoers are ootained with al­
gorithms which use only two obser­
vations e.g. of the channels at 22 
GHz and 37 GHz vertical polarized. 
The situation changes, however, 
when only cloudfree data is inclu­
aed in the analysis. Then the wind 
shows a aominant effect in the se­
cond eigenvector. And, very impor­
tant, the information in the two 
eigenvectors can be clearly sepa­
rated. In this situation it  is 
possible to determine the surface 
wind speed with an accuracy of 
1.6 m/s. 

IV. CONCLUSION 

The observations of the 5 lower 
S.:M/I channels contain only 4 in­
dependent informations, since we 
found 4 significant eigenvectors. 
This is, however, only the case, 
if the measurement errors are 
small. The last two eigenvectors 
are very sensitive to errors. 
Thus, in many situations two sig­
nificant, independent informations 
are available. The two parameters 
which can be retrieved are total 
precipitaole water and liquid wa­
ter path, in cloudfree areas it is 
W and the surface wind. Whether 
wind speed can be determined from 
the third eigenvector will be in­
vestigated in the future. We shall 
also include the 85 GHz channel 
and study the optimum frequencies 
for a retrieval of the vertical 
moisture distribution. 
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