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ABSTRACT 

This report documents the first part of a three-part study 
whose overall objective is an inittal assessment of the 
accuracy of the SEASAT-A SMMR Antenna Pattern Correction 
(APC) algorithm. Interim APC brightness temperature meas
urements for the SMMR 6.6 GHz channels are compared with 
surface truth derived sea surface temperatures. Plots and 
associated statistics are presented for SEASAT-A SMMR data 
acquired for the Gulf of Alaska experiment (GOASE.~). The 
most important conclusion of the study concerns apparent 
cross-track gradients observed in the 6.6 GRz brightness 
temperature data. 
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1.0 SUMMARY 

This report documents the first part of a three-part study whose 
overall objective is an initial assessment of the accuracy of ~he SMHR 
Antenna Pattern Correction Algorithm. Interim APC brightness tempera
ture measurements for the SMHR 6.6 GHz vertical and horizontal polari
zation channels are compared to surface truth derived sea surface 
temperatures. Plots of brightness temperature versus sea surface 
temperature and associated statistics are presented for various com
binations of the SEASAT~ passes acquired for the Gulf of Alaska exper
iment (GOASEX). For the purpose of establishing a reference curve, the 
study makes-use of ~- model -developed for an integrated water vapor 
content of 2.4 grams/cm2, a wind speed between zero and seven metersl 
sec, anrt cloud-free conditions. 

The most ~ortant conclusions of the study are: 

(1) There appear to exist cpposing cross-track gradients in the 
vertical and horizontal 6.6 GHz brightness temperatures output 
by the interim APC algorithm. 

(2) For both vertical and horizontal brightness temperature data, 
the observed bias with respect to the model-predicted reference 
~urve is least for cell 4 data, and progressively increases in 
magnitude from cell 4 to cellI. 

(3) If the observed biases are removed from the measured brightness 
temperature data, the resulting values agree quite well with 
model-predicted values (1.50 K for V and 2.60 K for H). 

2.0 INTRODUCTION 

2.1 Problem Statement. The SEASAT-A Scanning Multichannel Microwave 
Radiometer (SMMR) is designed to make measurements of thermal micro
wave emission from the Earth for the primary purpose of determining 
sea surface temperatures, wind speed, and atmospheric wat~r vapor and 
liquid water parameters. Tl.e antenna temperatures measured by the 
SMMR contain known anten~a pattern effects which must be removed 
before these measurements can be used to derive geophysical parameters. 
The Antenna Pattern Correction (APC) Algorithm has been designed by 
E. G. Njoku and coded by R. E. Cofield to remove these effects. In 
brief summary, the APC algorithm accepts as input SMMR antenna tem
perature (TA) measurements and produces corrected brightness tempera
tures (TB) as its output. These output brightness temperatures are . 
then used as inputs to the geophysical parameter algorithms. The 
problem to be addressed here is the evaluation of the accuracy Ot the 
APC brightness temperature outputs. 

ihis report documents the first part of a three-·part study whose over
all objective is an initial assessment of the accuracy of the APC 
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2.2 

2.:!.1 

algorithm. As the SMMR algorithms mature, and as a larger data set 
becomes available, it is expected that further studies will refine the 
resul~s presented here. The three parts of this initial assessment 
are: 

A. 6.6 GHz T8 vs. Tsurface truth Comparison 

T8 measurements for the SMMR 6.6 GHz channels are comvared to 
surface truth derived sea surfacp, temperatures. The two 6.6 GHz 
channels are used because they are most sensitive to sea surface 
temperature (SST) but least sensitive to atmospheric effects. 
SST measurements are more numerous and more accurate than other 
types of surface truth measurement~. Thus, the comparison of 
6.6 GHz TB with SST under clear atmospheric co~ditions provides 
a large, high-quality data set fr~m which to assess the accuracy 
of the APC algorithm. 

8. TB Measured vs. T8 Calculated Comparison 

TB measureAents for all ten SMMR channels are compared with TB 
values calculated from geophysical models using 'surface truth 
data. Although thi~ task is restricted to a smaller surface 
truth data set than task A, it assesses the accuracy of all ten 
SMHR channels rather than only two of them. In addition, this 
t~8k is less dependent on using clear atmospheric conditions 
since the models take atmospheric variations into account. 

C. TA vs. T8 Comparison 

TA measurements for all ten SMMR channels are compared with the 
corresponding TB outputs. This comparison allows a determination 
of ~hether the APC algorithm adequately removes those instrument 
effects known to be present in the TA data. 

The results obtained for task A are the subject of this document. 

Brief Description ~f the APC Algorithm. At this t ime , the APC algo
rithm has not yet reached its final form. Section 2.2.1 describes the 
full set of capabilities to be implemented in the final APC algorithm. 
Section 2.2.2 outlines the subset presently implemented in the interim 
version of the APC. The results of this study are based only on out
put obtained from the interim APC. It is expected that a later study 
will perform a similar evaluation of the final APC. 

Final APC Description. The input TA data to the APC algorithm consists 
of measurements of microwave emission at ten different channels. Each 
channel is characterized by one of five frequencies (6.6, 10.69, 18, 
21, an~ 37 GHz) and one of two polarizations (verti~al and horizontal). 

The TA measurements are sampled at regular time intervals along the 
S~MR scan, which results however in an irregular spacilg of po i nts on 
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the Eacth's surfsce. The APC algorithm outputs TB data in the form 
of square arrays of data cells which are uniformly distributed within 
the SMMR swath. There are four 'different array sizes which are 
referred to as Grids 1, 2, 3, and 4. The ten channels are output on 
the four grids as shown in Table 1. . 

The final APC algorithm performs the !ollowing operations: 

<a) Read SMMR TA data. 

(b) Average TA data into grid cells. 

(c) Correct TA cells for Faraday rotation. 

(d) Correct TA cells for non-nominal incidence angles. 

(e) Correct TA cells for cross-polarization an enna pattern effects. 

(f) Correct TA cells for polarization rotation effects due to scan 
motion. 

,- -

I 
.\ 
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2.2.2 

(g) Correct TA cells for sidelobe contributions from within the SMMR 
swath, from outside the SMMR s~ath but on the Earth's surface, 
and from space. 

associated quality flags . 
- ' 

__ ~h) .. __ Ou~put __ ~~ TB data . and 

Interim APC Description. The 
forms the following subset of 

interim version of the APC algorithm per
the final APC operations: 

(a) Read SMMR TA data. 

(b) Average TA da~a into grid cells. 

(~) Correct TA cells for cross-polarization antp.nn~ pattern effects. 

(d) Correct TA cells for polarization rotation effert .; due to scan 
motien. 

(e) Correct TA cells for sidelobe contributions from space . 

(f) Output SMMR TB data. 

Note that the interim APC does not include corrections for Faraday 
rotation. incidence angles. or Earth sideloc2 contributions, nor does 
it calculate data quality flags. 

2.3 General Evaluation Approach. Although this study makes maximum use of 
available resoll.rces·. any attempt to evaluate the APC at this time is 
subject to the following constraints: 

(a) The final version of the APC 1s still under development, and so 
only the interim version may be used. 

• 
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(b) The only large body of SMMR data which has been processed thus 
far through the SMHR interim APC consists of f i fteen passes 
thcough the northeast Pacific Ocean obtained during the Gulf of 
Alaska SEASAT Experiment (GOASEX) 1n Sept. 1978. 

(c) Turnaround time for obtaining additional data is on the order 
of several weeks. 

In line with the above constraints, the general approach followed in 
this study is outlined below: 

(1) Although che final APC is not complete, make use ~f the 6.6 GHz 
grid 1 data from the interim APC. 

(2) Make maximum use of the tmmediately available GOAS~X data 
although it is not the best data set f or this type of evaluation. 

(3) Request additional data, to be used i f t ime permits. 

(4) Digitize the National Marine Fisheries Service (~S) map of 
average Sea Sur~ace Temperatures (SST) for the month of 
September 1978 so that it can be used as a &OUT.ce of surface 
truth measurements. 

(5) Make use of JPL subroutine libraries to produce computer
generated plots of SMMR TB versus SST and to produc2 assoc iated 
statistical information. 

(6) Generate separat e plots and statistics for each column of the 
6.6 GHz TB grids in order to identify any effects which may vary 
across the SMMR swath. 

(7) Use a radiative transfer model ~e1ating SMMR TB to SST as a 
reference curve against which to compare the actual data points. 

(8) Perform supplementary studies if a need ar ises and time permi t s . 

The above approach is designed to provide an adequa t e and f l exible 
framework from which to assess the accuracy of t he APe algorithm in 
producing 6.6 GHz TB data values. 

3.0 TECHNICAL DISCUSSION 

3.1 Reference Model. Radiative transfer and the physics of the ocean sur
face and atmosphere allow TB to be modeled as a function of sea surface 
temperature, wind speed, and integrated atmospheric water vapor con
tent, assuming that cloud-free condit i ons prevail. The primary vari
able of these model s is sea surface temperature. Wind speed and water 
vapor content serve to shift the bas i c model curve t owards higher or 
lower TB values but do no appreciaLly af fect its overall shape. 
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For a standard acm"srhere and several different values of integrated 
water vapor content, R. Hofer has produced from basic geophysical 
models (which a8sum~ ~loud-free conditions) a set of polynomial 
coefficients which express TB as a second-order function of sea sur
fa~e temperaturp. with an additional linear dependence on wind speed. 
Each of these functions is of the form 

where 

o 
T • sea surface temperature ( K) 

s 

v • max [wind speed (m~ters/sec), 71 

The value of v used in the above equation is either the actual wind 
speed or a constant 7 meters/second since the observed TS is ir.depend
ent of this parameter for wind speeds below 7 meters/second. 

For the purpose of estab.ishing a reference against which to compare 
the plotted 6.6 GHz T3 - ~ST pairs, this study uses th~ model poly
nomials developed for an it:tegrated water vapor content of 2.4 grams/ 
cm2, a wind speed between ze~~ and seven m/sec, and cloud-free condi
tions. These polynomials are given in Figure 1. 

The 2.4 grams/cm2 figure is close to the global average value for inte
grated water vapor content. The exact value chosen is not criti~al 
since variations in integrated water vapor content do not appreciably 
alter the shape of the reference curve but merely shift it up or down 
by about half a degree Kelvin per gram/cm2. 

The wind speed range of 0 to 7 mls is commonly observed over the ocean 
surface and should serve as a lower limit to the observed TS - SST 
pairs. Wind speeds higher than 7 m/sec will not alter the shape of 
the referenca curve but will shift it upwards by about half a degree 
Kelvin per mls for the 6.6 GHz vertical polarization and by about 
twice this amount for the horizontal polarization. 

Thus, the majority of the plotted TB - SST pairs should lie near the 
chosen reference curves, except when wind speeds exceed 7 m/sec or 
when fairly dense clouds are present. 
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3.2 Data Selection: The maJor difficulty which plagues an evaluation of this type is that of acquiring spacecraft and surface truth data sets which are matched in location and time. The additional requirement 

3.2.1 

3.2.2 

for low wind speed, clear atmosphere conditions further compounds the problem. Since Geostationary Orbiting Envi=onmenta1 Satellite (GOES) visible and infrar~d images were available for the month of September. 1978. a search was made for clear atm03pheric conditions during this month. As a result. over fifty time spans were identified during which the SEASAT-A SMMR viewed the open ocean with little or no intervening cloud cover. Unfortunately, sp~cecraft data for these times other than that already obtained for the GOASEX workshop was not available and could not be obtained in time to be included in this Task A effort. 

Spacecraft Da~a Set. The GOASEX data set consists of fifteen passes thr.ough the northeastern Paci fic Ocean during September, 1978. One pass contains numErous data gaps and is completely useless for evaluation purposes. Two other passes of the fifteen are also useless 
sinc~ the SMMR field of view is completely over land. Of the remaining twelve passes, two are ascending (south to north) and te.:l are descending. The two ascending passes parallel the U.S. and Canadian west coasts se closely that the' SMMR data is corrupted by side10be effects from the adjacent 1and ~ In addition, many of the GOASEX passes were chosen for "interesting" weather patterns. which is the opposite of the clear weather conditions needed for this study. In light of these problems. the GOASEX passes are not an idea: data set for a S~ffi APe evaluation effort. However, they do have the advantage of being readily available and so are used in this study. 

Sea Surface Temperature Data Set. Sea surfac~ temperature data is 
~vailab1e in two major forms: 1) individual spot reports made by ship or buoy and 2) smoothed continuous temperature fields prvduced from these spot reports. This study uses sea surface temperature field data rather than spot reports in order to Simplify the process of matching spacecraft data with SST data. SST fields a're avai1ab~e for both the north Pacific and the nor.th Atlantic, but since the available spacecraft data is currently restricted to the GOASEX passes, nn1y one SST field covering the northeastern Pacific for September, 1978 is needed for this study. 
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3.3 

3.3.1 

3.3.2 

The NMFS September 1978 mean SST field for the northeastern Pacific has been digitized to a one degree latitude/longitude resolution and put into machine-readable fo~ ao par~ of this study. Figure 2.1 shows the original NMFS contour map. The dark outline contains that porti.an which has been digitized. Figure 2.2 shows a .contour map produced from the digitized values and confirms the success of the digitization effort. The NMFS monthly average accuracy is known to be about 1 to 2 degrees .Celsius. The digiti~ation accuracy is estiMated at a.2oC, which is insignificant when compared with the original error. 

Software Development. Various pieces of software have been developed in the course of this study. This section presents a brief description of the development process and the outputs pcoduced by each program. The software development process has been characterized by the maintenance of a small test case which can be repeated each ttme changes axe made to existing software. In this mau •• ~ c, the tmplementation of each change may be checked with minimum effort. All numerical re~ults have been checked with the aid of a programmable hand ca:_ulator. ~~imum use has been made of JPL subroutine librarie~ in obtaining plotting and statistics software. Development ttme has been kept to a minimum by following the above strategy. 

Reading IGOR Files. The output Tll data f~om the APC algorithm are written onto what 1s called a 5MMR IGDR basic sensor file. The data on this file is in a packed format compatible with the JPL IBM 360/75 machine and must be converted into a format compatible 'With the JPL UNIVAC 1108 computer used for this study. Thi~ conversion was accomplished using .a set of subroutines developed by W. D. McFaddin and modified b: J. Kitzis. The reformatted data for all grids has been written to tape for use in later tasks. This procedure is more efficient th~n reformatting the data each time it is used. 

TB Vs. SST Plots and Statistic~. The primary software analy~ is toel developed for th~s study ?roduces plots of 6.6 GHz vertical and horizontal brighcness temperatures versus sea surface temperature, and associated statistics. The sea surface temperature values are linearly interpolated from the four closest points of the digitized SST field 
~sing the latitude and longitude associated with the IB measurement. F0ur plots and printed statistics are produced each time the program is executed. The first two plots are produced for the 6.6 GRz vertical IB data, while the last two plots are for horizontal data. Examples of all \:hese output3 may be found in Table 3 and Figures :3.1 - 3.4. 

In the first and third plots produced, as shown in Figu~es 3.1 and 3.3, each TB - SST pair is plotted as a singl~ Arabic numeral(f:--2~ 3. or 4). The nUMLcal indicates which column of the grid 1 array contains the TB vaJ.ue. Column 1 measurements .'.ire nearest the spacecr~ft track. while Column 4 measuremencs are farthest. Each of these plots also 
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contains two curves. The unmarked curve represents the polynomial 
(second order maximum) which fits all the data points best in a 
least squares sense. The curve marked with plus signs represents 
the standacd atmosphere/low-wind-speed ~odel curve for the appropriate 
polarization. 

In the second and fourth plots (Figures 3.2 and 3.4), the model curves 
and the least-squares fitted curves are plotted ~s before. The fitted 
curves are now marked with the char:1cter "A". The previously plotted 
individual data points are replaced with a set of four curves, each 
curve representing the best tit in a least squares sense to one columc 
of the grid 1 data points. The curve for each column is marked with 
the appropriate Arabic numeral (1, 2, 3, or 4). 

The printed statistical output (Table 3) is divided into two sections. 
The upp~r section contains the three polynomial coefficients and the 
root-mean-square -(RMS) statistic for the te~ least squares fitted 
curves (all-data fits plus four column fits for both polarizations). 
The RMS statistic is calculated according to: 

where 

RMS .. 
N 

T - ith T value 
8

i 
B 

SSTi - associated SST va lue 

th p(SST.) ~ fitted polynomial evaluated for the i 
1. SST value 

N s tO Lal number of data points 

Eq. 1 

The lower section of the printout contains a bias and an RMS statistic 
around a ~iased model curve for the ten data groups represented by all 
the ver tically polarized data (V). all the horizontally polar i zed data 
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3.3.3 

(H), and the four individual columns of data for each polarization. 
The bias is calculated according to: 

where 

and 

m(SST
i

) - model polynomial ~valuated 
for the ith SST value 

T~ , SST
i

, and N are as defined above. 
i 

The corresponding RMS statistic is calculated according to: 

where 

RNS -

TBi , ~(SSTi)' SST i , and N are as defined above, and 

the bias is as defined above for the appropriate 
data group. 

Eq. 2 

Eq. 3 . 

Cross-Track Gradient Vs. Latitude. A secondary software analysis tool 
developed as a supple~ent to the primary study produces a plot (Fig
ure 11.1) of the 6.6 GHz TB gradient across the SMMR swath versus 
latitude, and associated statistics (Table 11.1). A first-o rder poly
nomial is fitted in a least squares sense to each row of TB values in 
the 6.6 GHz grid 1 array. The slope of this line for each row is 
plotted against the average latitude for the row. The character "V" 
is plotted for V data, and the character "HI! for H data. 

9 
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3.3.4 

The printed statistical output includes the average latitude, the two 
polynomial coefficients, and the RMS statistic for each ro'. of TS data 
for both polarizations. The RMS is calculated as shown previously in 
Equation 1 except that the polynomial is now a function of cell number 
rather than SST. 

TS Kinus Model TS Vs. Incidence Angle. Another secondary software 
analysis tool d~velopea as a suppleme~t to the primary study produces 
a plot (Figure 11.2) of the difference between the measured 6.6 GHz TB 
and the model-predicted TB ~B) versus incidence angle, and associated 
stet i!~tics ~Table 11.2). , The mod~l-predicted TB is calculated accord-
ing to the equations given in Figure 1, which assume an integrated water 
vapor content of 2.4 g/cm2 and a Wind ' speed between zero and seven meters ,' 
sec. The SST ~alues for the equations are obtained by linearly inter
polating the digitized SST field. Each ~TB - inc 'lrlence angle pair is 
plotted as a single character: "V" for V data a::ld "F" for H data. 

A second order polynomial is fitted in the least squares sense to~TB 
as a function of incidence angle. Separate fits are made for the 
V data and the H data. The printed statistical outP'lt in~ludes the 
three polynomial coefficients and the RMS statistic for both least 
squares fits. The RMS stalistic is calculated as shewn previously in 
Equation 1 except that the polynomial is now a function of incidence 
angle rather than SST, and6TBi replaces TBi' 

3.4 Discuss'f.on of Results. Most of the tangible results of this study are 
in the form of computer plots and printouts generated by the software 
described in the previous section. A summary of the runs made for 
the study may be found in Table 2. RUN1 and RUN2 were test cases used 
only to check out the software and will not be discussed further. 
Runs 3 through 10 are executions of the TB vs. SST software package and 
constitute the principal analysis performed for this study. These are 
designated as Type A runs in Table 2. The output of RUN3 consists of 
four plots and one table of statistics, which are respectively shown 
as Figures 3.1, 3.2, 3.3, 3.4, and Table 3. Similarly, Figures and 
Tables 4 through 10 djsplay the outputs of Ru~s 4 through 10. 

In addition to the primary analysis, three supplementary analyses were 
performed, two of which involved computer programs described in the 
previous section, while the third consisted of a brief survey of 
antenna temperature data. which did not involve any programming efforts. 
Figure 11.1 and Table 11.1 contain the outputs of the cross-track 
gradient versus latitude program for the RUN 11 data blocks. These 
outputs are designated as Type B in Table 2. Similarly, Figure 11.2 
and Table 11.2 contain the outputs of the6TB versus incidence angle 
program for the same RUN 11 blocks. These outputs are designated as 
Type C in Tabl~ 2. Iu ~ similar manner, Figures and Tables 12 through 
14 display the outputs of Runs 12 through 14. 

All of the runs listed in Table 2 and the results of the antenna tem
perature data survey are discussed below. 
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3.4.1 Discussion of RUN 10. RUN 10 combin~s dat~ fr~m all of the descending GOASEX passes. The following obsenrations are made regarding Table 10 and Figures 10.1 through 10.4: 

(a) The fitted curves are r.oughly parallel to the model curves within the SST range for which data points are available. However, the fitted curves show less variation of TB with sea surface temperature (smaller slope) than do the model curves. We suspect that sea surface roughness due to high wind speeds in the northern latitudes is causing the TB values to be artificially high there and is obscuring the normal TB dependence on SST. Wind speeds of up to 20 m/sec (-40 knots) have been observed in the northern portions of the GOAS'rK region. Wind speeds of this magnitude lrl.ll raise the 6 f. GHz V data by about 7 degrees Kelvin and the 6.6 r.Hz R data by about 13 degrees Kelvin. The upward scatter of tae actual data points agrees with these numbers. 

(b) All the data shows more scatter in the direction of increaaing TB than .Ul the downward direction. This effect is attributable 

-- . 

to rain, dense water vapor clouds, and sea roughness due to high winds. The R data exhibits more scatter than does the V data, probably due to its greater sensitivity to ocean surface roughne~s. 

(c) The V data points tend to fall below the model curve while the R data points usually lie above the model curve. Furthermore, the data from column 4 exhibits the best agreement with the model curves, and the data shows less agreement with the model as one moves from column 4 to colUmn 1 data. 

(d) The trends ciscussed in item (c) are confirmed by the bias statistics of Table 10. All biases around the model curves are negative for V data and positive for R data. In addition , the magnitudes of these biases increase from column 4 to column 1. This i3 strongly indicative of the existence of a cross-track bias in both the V and H TB data. The direction of the bias in the V data is opposite that of the bias in the H data. Also, the change in the bias from column 4 to column 1 is almost twice as large for H data as for V data. However, many of the V and R data points have been raised in value by the effects of high winds, clouds, and rain. Hence, all of the data has been biased high by an unknown amount, and these unknown environmental biases for V and R should be subtracted from the biases in Table 10 to arrive at the true instrument biases. Therefore, it may very well be t"+ue that the instrument biases for beth V and Hare negative, with V more strongly biased than H. Further study is required to calculate the actual instrument biases. 

(e) The RMS dispersion of all the V data about the biased model curve 1.s about l.SoK while that of the H data is about 2 .6oK. These RMS dispersions exceed those about the best fitted V and 
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3.4.2 

3.4.3 

H curves by only about 10%. Hence, the biased model curves fit the data almost as well as the best fitted curves in the least squares sense. This is quite encouraging in view of the many known environmeutal effects, the su~pected cross-track biases, and other liossible instrument effects in the data. 'the fact that the RHS ~a1ue8 for the H data exceed those for the V data by about 1~ is probably due to the greater sensitivity of the H data to high winds. 

(f) The RHS values about the best fitted curves for columns 2 and 3 are smaller by about 0.20 K than those for columns 1 and 4 for both V and H data. There are two possible causes which could account for this difference: 1) the effects of the ionosphere on the polarization rotation, and 2) the effects of variations in spacecraft attitude. It unlikely that this difference is attributable to the ionosphere since ~ll of the data within this run comes from night passes, when the Faraday rotation ionosphere effect is minimal. However, all of the GOASEX passes have attitude variations from north to south of about 0.20 • This change in attitude could result in polarization rotation changes which affect the outer cells (1 and 4) more than the inner cells (2 and 3). Further study would be required to determine if this is indeed the case. 

Discu3sion of Runs 3, 5, 7, and 8. These four runs ~re the components which when combined make U? RUN 10. In general, each run in this set exhibits those characteristics enumerated above for RU':'~ 10. The following o~servations are made regarding the individual runs: 

<a) The curve fits for RUN 7 exhibit more pronounced deviation from t e model curves than do those of the other runs. This is due to the fact that data is available only for a very narrow range of SST. However, within the range where data is available , the data points fall along a biased model curve very well. This can be seen from the RMS values for each column, which are smaller than the corresponding values for RUN 10 in almost every case. 

<b) Runs 3 and 5 exhibit more upward scatter ill the data than do Runs 7 and 8. This might be attributable.to rain and/or high winds. 

Discussion of Runs 6 and 9 - Sidelobe effects. RUN 6 consists of the two ascending GOASEX passes which closely parallel the North American west coast. RUN 9 combines all of the RUN 10 data with that of RUN 6. The follOwing observations are made regarding these two rllns: 

<a) The data from RUN 6 includes sidelobe effects from the North American west coast. Column 4 data is affected most strongly since it represents the part of the SMhR swath closest to shore. In comparison with the RUN 10 data, all of the data for RUN 6 appears to be biased in the direction of increasing TB by abvut SOK. This phenomenon appears in the statistics for 
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3.4.4 

3.4.5 

RUN 6 as large positive biases about the model curves for both V 
and H data and as larger RMS val ues than are obserJ'ed in other 
runs. However, it is not known how much of this effect is dee 
to sidelobes and how much is due to high winds which were proba
bly present for orbit 1212 of this run. 

(b) The spurious points from the RUN 6 data blocks cause the RMS 
values of RUt{ 9 to exceed those of RUN 10, and also shift the 
RUN 9 biases above those of RUN 10. 

Discussion of RL~ 4 Vs. RUN 3 - Rain Effects. RUN 4 contains the same 
data as RUN 3 except that three blocks containing suspected rain celIe 
are omitted. This results in less data scatter (particularly for H 
data) and in downward shifted biases (again, particularly for H data). 
However, it is not known ho~· much of this effect is due to rain and 
how much is due to local b.-f.Sh winds associated with the rain cells. 

As previously ~oted in Section 3.4.2, runs 3 and 5 show more upward 
data scatter than do runs 7 and 8. RUN 4 resembles Runs 7 and 8 in 
terms of data scatter, implying that Runs 7 and 8 probably contain 
les·s rain than do Runs 3 and 5. 

Discussion of Runs 11 through 14. This section discusses the results 
of two supplementary studt eb which we performed in order to investigate 
possible origins of the cross-track gradient found in the TB data. 
Each of the two programs developed for these supplementar y studies 
was run for four individual GOASEX passes as shown in Table 2. The 
following observations are ~de regarding runs 11 through 14: 

(a) As snown in Figures 11.2 through 14.2, there is no obvious 
correspondence between~TB and incidence angle. Since incidence 
angle is determined by spacecraft attitude , this seems to imply 
that no obvious relation exists be~ween ~TB and attitude. 

(b) Figures 11.1 through 14.1 verify the principal study result that 
in gene aI, the V and H cross-track gradients are in opposite 
directions, i.e., that the vertical TB gradient from column 1 
to culumn 4 is usually pcsitive and t he H gradient is usually 
negative. In addition, the magnitude of the H gradient is 
usually larger than that of the V gradient. 

(c) The cross-track gradients do not seem to show any strong 
dependence on l a titude. 

(d) The cross-track gradients for V and H data seem to be correlated 
with each other in the sense that when t he V gradien~ increases 
(decreases) in value, the H gradient also increases (aecreases). 
However, the H gradient appears to show larger variati~ns than 
does the ~, gradient. 
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3.4.6 

(e) RUN t4 is corrupted by extensive sidelobe effects near latitudes of 380 N (California coast) and 51~ (Queen Charlotte Island). 

(f) The observed variations in the TB gradients are very difficult to explain in some cases. Some of these variations are possibly due to strong wind-speed gradients across the SMMR swath , However, ' it is puzzling that for the cases run, most of the gradient variations for both V and H appear to be only in the positive direction. Further study would be required to determine the factors causing these gradient variations. 

Discussion of TA Data Survey. This section discusses the results of the third supplementary study, which we performed to determine if the TB gradients have their origiu in the input TA data. We surveyed TA data from three GOASEX passes in order to determine the position within the SMHR scan at which the minimum polarization rotation effect occurs. Assuming a constant scene temperature, the vertical TA values should reach a maximum and the horizontal TA values should reach a minimum at this scan position of minimum polarization rotation. This is expected t~ occur at the center of the scan where the scan angle is equal to zero. For the 6.6 GHz data, the scan center occurs at footprint number 9 out of 16 samples for each scan. The results of our brief survey are shown in Table 15. 

Although these results are by no means conclusive, several points should be noted. 

(a) The data chosen for the survey represf:nts time periods during which the TB data exhibit strong cross-track gradients as 
previously di~c~s~~~ i~ ~~c~io~ ~.~.~~ ~~ "'particular~ th~_ horizontal- IB data exhibit large negative gradients, while the 
vertica~ data ~~ibit positive gradients of smaller magnitude. 

(b) For all three passes considered the mean scan position of minimum polarization rotation for H data is always greater than 9, while that for V data is always less than 9. In addition, the mean H scan position always differs from 9 by a larger amount than does the V mean position. Although no firm conclusion may be drawn, the directions and relative magnitudes of these discrepancies qualitatively agree with the directions and relative magnitudes of the observed TB cross-track gradients. This suggests t hat a more rigorous investigation of the TA data might reveal the source of the TB biases. 

4.0 CONCLUSIONS 

Several conclusions may be drawn from the results discussed in the previous section 3.4: 

(1) There appear to exist opposing c~oss-track gradients in the V and H 6.6 GHz brightness temperatures output by the interim APC 
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algorithm. These gradients are opposing in the sense that the 
vertical TB values tend to increase across the SMMR swath from 
cell number 1 to cell number 4, whereas the horizontal TB values 
tend to decrease. The magnitude of the change across the swath 
is greater for H data (about 3or.) than for V data (about 1.s0 K). 

(2) For both V and H data, the TB values for cell number 4 appear to 
agree best with model-predicted TB values. In addition, the 
TB data shows progressively less agreement with the models as one 
moves from cell 4 to cell 1 data. This effect is illustrated 
best by the bias values given in Table 10 (-0.78 to -2.31oK for 
V and 0.55 to 3.4s~ for H). However, these biases for V and H 
include unknown positive environmental biases due to the effects 
of high winds, clouds, and rain. These unknown environmental 
biases for V and H should be subtracted from the biases in 
Table 10 to arrive at the true instrument biase$. Therefore. it 
may very well be true that the actual instrument biases for both 
V and H are negative, with V more strongly biased than H. 

(3) If the observed biases are removed from the measured TB data, the 
resulting values agree quite well with model-predicted values. 
This is best illustrated by the RMS dispersions shown in 
Table 10. The dispersion of all the V data about the biased 
model curve is 1.soK while that of the H data is 2.6oK. These 
exceed the dispersions about the least-squares fitted curves by 
only 10%. 

(4) In agreement with model predictions, the H data appears to be 
twice as sensitive to wind speed variations as the V data. This 
is evidenced by the larger degree of scatt~r found in the H data. 

(5) As ~~ected, nearby land does corrupt SMMR data through sidelobe 
=ontributions. These effects must be removed in order to suc
cessfully make use of coastal SMMR dar.a. 

(6) There does not appear to be any obvious correlation between the 
observed TB cross-track gradients and incidence angle, which 
implies that the TB gradients are independent of spacecraft 
attitude. 

(7) There does not appear to be any strong relationship between the 
TB cross-track gradients and latitude. However, some of the 
observed variations in TB gradients are not currently 
understood. 

(8) A brief survey of the TA data suggests that the origin of the 
TB cross-track gradients may lie within the TA values. Hoyever, 
a much more rigorous investigation would be needed to confirm 
this hypothesis • 

• 
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5.0 RECOMMENDATIONS 

~s a result of this study, we feel that the following recommendations 
are appropriate. 

(1) The implementation of the final APC algorithm should be co~
pleted. Upon completion, several runs made for this study should 
be repeated using TB data from the final APC. This will allow a 
determination of whether the sidelobe contributions have been 
successfully removed, and whether the cross-track gradients are 
still apparent. 

(2) If the TB cross-track gradients are still observable in the 
final APC output, it is recommended that a detailed analysis of 
the TA input data be performed to determine what is causing the 
gradients. 

(3) 1n order to further refine estimates of the observed instrument 
biases, it i s re<:,olllL.~~cied l~a L. this analysis be extended to 
include data obtained under low wind-speed, extremely clear 
weather cond1tions. This will require the use of non-GOASEX 
data as it becomes available. Furthermore, additional insight 
into the nature of the TB cross-track gradients will be gained 
by analyzing good ascending passes as well as descending passes. 

6.0 NEW TECHNOLOGY 

No new technology has been developed in the course of this study. 

7.0 REFERENCES 

Acknowl~dgement should be given to three general sources of information . 
used for this study. 

(1) Njoku, E. G. "Antenna Pattern Correction Procedures for the Scan
ning Multichannel Microwave Radiometer (SMMR)," JPL Publication. 

(2) NOAA National Marine Fisheries Services (NMFS) (1978). Fishing 
Information, No.9. 

(3) "Seasat Gulf of Alask Workshop Report," Volumes 1 and 2, JPL 
Publication 622-101. 
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Table 1. SMMR APC Brightness Temperature Grids 

Grid Grid Size Cell Dimension SMMR Channels Output 
Number (cells) (km) on Grid 

1 4 x 4 149 x 149 6.6 V 6.6 H 

10.69 V 10.69 H 

18 V 18 H 

21 V 21 H 

37 V 37 H 

2 7 x 7 85 x 85 10.69 V 10.69 Ii 

18 V 18 H 

21 V 21 H · 

37 V 37 H 

3 llxll 54 x 54 18 V 18 H 

21 V 21 H 

37 V 37 H 

4 22 x 22 27 x 27 37 V 37 H 
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Figure 1. 6 . 6 GHz Standard Atmosphere - Low Wind Speed 
Reference Curves 

,. .. 321.678 _. 1.71645 T + 0.00389942 T 2 
' ''SVERT ~ s 

T .. 218 . 208 - 1.21228 T + 0.00258746 T 2 B
HORI 

s S 

where 

T - sea surface temperature 
s 

TB .. model - predicted 6.6 GHz brightness 
temperature for the appropriate 
polarization 

for the following assumptions: 

1) 

2) 

3) 

4) 

Standard atmosphere model 

2 
Integrated water vapor content of 2.4 g/cm 

Wind speed between 0 and 7 m/sec. 

Cloud-free conditi ' ns 
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Figure 2.1 

NMFS Mean Sea Surface Temperature Map for September. 1918 
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Tab1 e 2 . S· ··nmary of Runs (Page 1 of 3) 

SEASAT-A Start 
Orbit No. Time 

1298 268,18,28,lJ 

1298 268,18,26,40 

1293 
1164 
1207 

1293 
1293 
1164 
1164 
1207 

1292 
1163 
1206 

1298 
]298 
1212 

U77 
1134 

268, 10, 3] ,42 
259, 9,53,41 
262,10,5,41 

268,10,31,42 
268,10,36,11 
259, 9,53,41 
259, 9,58,11 
262,]0, 5,4] 

268, 8, 51 ,41 
259, 8,13,40 
262, 8,26,42 

26fI,18,26,40 
268,]8,32, 7 
262,"11:1,2,11 

260, 7,'(6,40 
257,7,33,42 

Stop 
TIme 

268,]8,29,4] 

268,18,29,41 

268,10,39.11 
259,]0, 1,11 
26£,10,]4,42 

268 , ] 0 , 34 ,42 
:!68.JO,39,11 
259, 9,')5,11 
259,10, I,ll 
262,10,14,/~2 

2 68, B, 59 , 11 
259, 8,20,1 I 
262, 8,34,13 

268,18, 29 ., 41 
268,18,36,37 
202, ]8,11,11 

260, 7,52,40 
257, 7, 39 ,42 

No. of 
Blocks 

1 

2 

5 
5 
6 

16 

2 
2 
1 
2 
6 

13 

5 
5 
5 

15 

2 
3 
6 

11 

4 
4 

8 

Comments 

Test Case 

Test Case 

Descending Orh.Hs. Orbits 129:; 
and 1164 probably include ra!". 
Orbits 1293 and 1207 probably 
in clude high winds, particular
ly at higher latitudes. 

This run duplicated RUN3 except 
that 3 blocks which probably 
contain rain were omitted. 

Descending orbits. Orbit 1292 
probably includes rain. All 3 
orhits contain high winds, 
especially 1292. 

Ascending orbits. Slde10be 
effects 1n both orbits. 
Sucpected EMI in orbit 1298. 
Orbit 1212 probably i nc1cdes 
high winds. 

Descending orbits. Orbit 1177 
prohably contains wind speeds 
Aomt!what higher than 7 m/sec . 
( ~- 1.0 m/sec.) 

\. 
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tv 
tv 

Hun 
1 . D. 

IWNH 

IWN9 

IWN 10 

Ihlll 

.!:,tpc 

A 

A 

A 

SEASft.T-A 
Orbit No. 

1135 
1178 

1293 
1164 
1207 
1292 
1163 
1206 
1298 
1298 
1212 
1177 
1134 
1135 
ll7B 

1293 
1164 
1207 
1292 
1163 
1206 
1177 
1134 
1135 
1178 

Tahle 2. Summ O!t"y of Run s (Page 2 of 3) 

..ilort 
Time 

257,9,11,40 
260, 9,23,40 

268,\.0,31.,42 
259, 9,H,41 
262,10,S ,'d . 
268, 8,51,41 
259, 8,13,40 
262, 8,26,42 
268,18,26,!.0 
268,18,32, 7 
262,18, 2,11 
260, 7,46 , /.0 
2'J7, 7,33,42 
2~7, 9,11,40 
260, <J ,n,40 

26~,JO,)l,1,2 

259, 9,53 , /11 
262,10, 5 ,ttl 
26M, 8,51,4 l 
259, 8,13,40 
262, 8,20,42 
260, 7,46,40 
257, 7,33,42 
257,9,11,40 
260, 9,23,40 

Stop 
Time 

257, 9,19 , 10 
260 , 9. 32 , 4 1 

268. J 0,39, ] 1 
259, 10, ],11 
262 ,l 0,1.1. ~ 42 
2b8, 8,59,11 
259, B,20,ll 
262, 8,34.13 
268,18,29,41 
268,18,36,37 
262 , 18,11, 11 
260, 7,52,40 
257. 7,39,42 
257, 9,19,JO 
260, 9,32,41 

26B,10,39 .• 11. 
259,10, 1,11 
262, 10,14,42 
268, 8,5<),11 
759, 8,20,11 
2G2,8,34,13 
260, 7,52 ,/,0 
257, 7,39,4 2 
257,9,19,10 
260, 9, 32, 41 

No. of 
Rlocks 

5 
6 

11 

5 
5 
6 
') 

5 
5 
2 
3 
6 
4 
4 
5 
6 

61 

5 
5 
6 
5 
5 
5 
4 
I, 

5 
6 

50 

Comments 

Descending orbits. Orbit 1135 
probably contains r~tn and high 
winds. Orbit 1178 probably 
contains some high winds. 

Thts run combines the data f r om 
Runs 3, 5, 6, 7, and 8. This 
includes all usable GOASEX 
data. No attempt was made to I 
e~clude bad dara. 

This run combines the data from 
Runs 3, 5, 7, and 8. This run 
duplil~ateil !.{~jN9 e:<cept that 
s 1.d elobe-corrup led RUN6 \-la5 

omitted. 



Table 2. Summary of Runs (Page 3 of 3) 

Run Run SEASAT-A Start Stop No. of 
1.D. ~ Orbit No. Time Time Blocks Comments 

RUNl1-1 R 1135 257. 9.11.40 257,9.19.10 5 One orbit froM RUN8 

RUNll-2 C 1135 257. 9.1] .40 257. 9.19.10 5 One orbit fro. RUN8 

IWN12-1 8 1206 262. 8.26.42 262.8.34.13 5 One orbit from RUN5 

RUN12-2 C 1206 26~. 8.26.42 262. 8.34.13 5 One orbit from RUNS 

RUN13-1 B 1207 262,10. 5.41 262.10.14.42 6 One orbit from RUN3 

RUN13-2 C 1207 262.10. 5.41 262.10,14.42 6 One orbit froa RUN3 

HUN14-1 B 1212 262.18,2,11 262.18.11.11 6 One orbit from RUN6 
IV 
w KUN14-2 C 1212 262.18. 2.11 262. 18 ~ 11.11 6 One orbit from RUN6 

Run Type De fin it ions: 

A To VS. SST Plots and Statistics 

8 Cross-track Gradient vs. Latitude 

C T8 Minus Model T8 va. Incidence Angle 

Times are In D[: ~rs , Hours, Minutes, Seconds from beginning of year 1978. 

,. 



Table 3. 

RUN 3 Statistical Summary 

CURVE FITS roR SHHR •• ' GHZ VERSUS SST 

CONSTANT LINEAR QUAORATlc 
COLUHN TERH TERM TERH RHS 

1 Y 1768.7. -11.60 .0207 1 • I 1 2 
2 Y 1'+02 •• 7 -9.01f .0163 1.07S 
3 Y 763.8'1 - .... 2 .0086 1.127 
If V 25.ct3 .ct3 .0000 I .351 ALL V 1269.'16 -8.11 .01'47 1.3'11 

1 H 2107.'+0 -11f.IO .02"6 2.081 
2 H 115'4.21 -7~ .. 9 .0132 1.61f9 
3 H 63.65 .08 ,0000 1.8'19 
If H 68.l .. .06 .0000 2.263 ALL H "1f.39 .15 .0000 2.2S~ 

DJS~ERSION ABOUT STANDARD ATHOSPHEPE _ LO~ ~IND SPEED CURVE 

COLUMN BUS IH15 

1 V - .2.96 1.203 
2 V -1.89 1.2'41 
3 V -I.etl 1 • "1 3 .. V -1.21;, 1.56,+ 

ALL V -1.91 1 .51 2 

1 H 2.78 2. 1'+ 2 
2 H 2.66 1 .797 
J Ii 1.88 2.217 
If ~ .51 2.72 !, 

~LL 11 1.96 2.1f3 u 

24 
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COLUMN 

I V 
2 V 
3 V .. V 

ALL Y 

I H 
2 H 
3 H 
If H 

ALL H 

Table 4. 

IlOR 4 Statistical SWllllAry ORIGINAL PAGE IS 
OF PooR QT r -

CURVE ,IT5 FOR 5HMR 6.6 GHZ VERSUS SST 

CONSTANT LINEAR QUADA·A TiC 
TEAH TEAH TEAM RH5 

ZZO .. , 13 -11f.58 .0258 1.052 
Z301.Z1 -15.1' .0268 .'90 
1" ... '0 -12.83 .0227 .8'8 
ZI ..... 75 -1".07 .02 .. 8 1.02l 
2"Z3.80 -16.02 .0282 l.llfO 

33lf7.33 -22.60 .0392 1.850 
Z'Z ... 51 -19.,3 .0339 1.312 
Z33 .. ,71 -15~"7 .0266 1.367 
3015.57 -ZO.11 .03 .. 5 1.118 
z307.9, -15.35 • 0265 2.03 .. 

DISPERSION ABOUT STANOARD ATMOSPH~RE - LOW -IND SPEED CURVE 

COLUMN BIAS RHS 

I V -Z.8' 1.1714 
2 V -1.'0 1.261, 
3 V -1.6' l.l97 .. V -1.36 1.1f75 

ALL V -I. ,6 1,"50 

1 H 2.7' 1.992 
2 H 2.55 I .6 I 7 
1 H 1.66 2 1 10 
'4 H • 15 2.557 

ALL ~ 1.79 l.l1Q 

• 
23 
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Tablt! 5. 

RUN 5 Statistical Summary • • 1 

CURVE FITS FOR SMMR b.b r,HZ VERSUS SST 

CONSTANT Ll NEAR QUADRATiC 
COLUMN TERM TERM TERM RMS 

I V 20.30 .C4S • 0000 1 .39 II . 
2 V 3979.05 -Z6.C4b .0'+57 1.22S 
J V 5096.11 -3'4.08 .0587 1 .207 
'4 V 2'+39.82 -15.85 .0275 l;='~b 

ALL V '438a.56 -29.2'+ .050'4 1.'473 

1 H ,+690.72 -31.7'+ .05,+7 2.519 
:2 H 7'497.91 "'50.66 .Odh6 2.203 
3 H 11 332. 2 1 -7b.80 • 1 3 I 1 2. 1 Sf; 
't H 52't7.39 - 35 el2 .0597 2.509 

AI.L H 5322.10 -35.80 .0612 2.728 

DISPERSION ABOUT STANOAR O. ATMOSPHERE - LOW wiND SPEED Cu~VE 

COLUMN BIAS RMS 

" -1 .9 /oj 1 • '+ 3 Lj 

2 V -1 .35 1 • I.! If If 
3 V -.98 1.558 
If II -. 18 1.999 

ALL V -1 ell 1 .7,+ 5 

H 't.08 2.5'+6 
2 H 3 • '+ 1 2.3810 
3 H 2.28 2.bS5 
If H 1 • 18 3.052 

ALL H 2.7'+ 2.8<7 0 
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Tabl. 6. 

lUI 6 Statiat1ca1 s.a-u, 
~ 

- - ! - .--- 0 
-

CURvE ,ITS 'OR S""R .. ' GHZ . ~t~~~~ -SST - -
~ -

~ ~ '. 

CONSTANT LINEAR QUAD"~f'I:C-COLU"N TER" • TER" !£ft"'" - ItMS 
1 V 122.7'1 .11 .0000 1.90'. 2 V "2 ••• 7 - .. 7.05 .0.,7 l •• ,. 3 V 1510 ••• 3 -IOl.11 .17. I .- 5.521 .. V 1070Z.'I • ~72~67 .llSZ 2.70. ALL V .l50.5Z .... Z •• 9 .07 .. 2 tt. It I 

I H -2·3 ... 5. ZO.58 -.0362 2.6'3 Z H -36Iz."3 Z'~"O -.Ott.Z ,.90. 3 H 17'ZIf.80 -'Z2~IZ .ZIOZ 7.251t .. H .tt937.22 .101.05 .1719 5.611, ,. ALL H ttZ21. SS -27;'9 .Ott7" 5."06 

COLUMN IUS RMS 

I V I ... I 2.50. 2 V 1.10 3.1.2 3 V ..... 5 5.9'1 .. V ...51 l.O •• ALL Y 1.37 1f.2tt~ 

I H 6 •• 7 1"'6 2 H 7.53 3.38S 3 H '.33 7.63Q .. H 6.0" 7.0Z6 aLL lot 7.1 9 S.87C 
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Tabl. 1. 

IUN 1 Statllt1cal Sumaary ... ... 

CURVE ~IT~ FOR 5MMR •• ' GHZ 
ORIGlNAl,' PA(J! 11 

YER5U50fs~B QVAlJry 

(ONSTANT LINEAR QUADRATiC 
COLUMN TERM TERM TERM RM5 

• Y 20h28 -... .0000 "'0 ~ Y 52 .. ,.07 -3 ... '5 .01" .155 
3 Y 1 .. ",.0, -'''.51 .170" .!l17 .. Y l'OS.'et -57.'8 .0"" .'35< 

ALL Y 7331.'3 -"'.11 .01"2 .7"1 

I H 5031.2' -33.,2 .0571 •. 525 
2 H 707s.7et -.7.'5 .0'" .5'0 
3 H 121 '1. 7 .. -.7 .... .1"" .631 
It H 1311 ... 27 -".IS .1525 .765 

ALL H 117'2.28 -7 ••• 0 .• 1., I •• 17 

i 
i 

.. 1 
! 

j 
DISPERS~ON ABOUT STANDARD Ar"OSPH~RE - lOW WIND SPEED CuRVE .; 

I 
I 

,) 

1 

COLUMN BUS R"S .... j 

J 
1 V -1.12 1.5., 
2 Y -." .7., 
3 Y -1.00 .533 .. V -.,. .737 

ALL Y -.,7 .. ,. 
I H If .. OS 1.007 
2 H 3.20 •• z .. 
3 H 1.5' .735 .. H -.... .~02 

11..l H Z.05 1.~70 

• 

.1 
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Table 8. 

RUN 8 Statistical Summary 

URVE FITS FOR SHMR b. 6 GHZ VERSUS SST 

CONSTANT LINEAR QUADRATIC 
COL UM N TERM TERM TERM RHS 

1 V 787.82 -".8ct .0091 .71ota 2 V 1 1Ia.'t9 -7.07 .0129 .8 17 3 V 16 23.81 " 10.~ 2 .0188 .813 't V 323S.'t.3 -21.52 .0375 1.062 ALL '/ 20£,2.30 -13.5;: .0239 i .08S 

1 H 14093.87 -31.68 .OSIf5 I .5'4 I 
2 H l571.'tO -23.98 .0'412 1 .518 
3 H 29 39.'tS -19~S7 .0336 1.692 '4 H 5327.82 -35.83 .0012 1.830 ALL H 3 96'1.51 -26~01 .0'456 2.044 0 

COLUM N BIAS RM S 

1 V -2.75 . 8C; a 
2 V -I .9U I • a ~ 8 3 V -1.S't 1 • I 9 I '4 V -I .00 1.63 9 ALL V -1. aO 1037 /) 

1 H J. 1 J 1.9 1)9 
2 H 2.b8 1 . 97 r:i 
.3 H 1 c 8 J 2 • .3 9., 
~ H .62 J 02 2~ 

~l l H 2.0b 2 • b : !I 
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Table 9. 
'" ... 1 . . 
~ 0; < ',\,-

~ ~~ 

RUN 9 Statistical Summary 

CONSTANT LINEAR QUADRATIC COLUMN TERM TERM TERM RMS 
I V -1 6 21f.13 II .78 -,0195 2.035 2 V -IOS5.lf9 7.89 -.0128 i~S39 J V -9 0 5s8J 

1ell ·.0 II 9 3. Col 37 'f V -905.89 6.98 -.0115 2.512 
ALL V -90'1.97 6.90 -.01 12 2 alb) 

H 61.86 .09 .0000 2.769 2 H 88.97 
.00 .0000 2.582 J H 88.20 .00 .0000 '1.315 

If H 1'f2.67 
-. 19 .0000 3.797 ALL H 3a.25 .00 .0000 3'032 

COL.UMN 
BIAS 

RMS 
1 II 

-1 .6'1 
2,21 I 2 II 

-.7'1 
2, 67 1 J V 

-.27 
.l.57~ 

If V 
• 1 7 

2.Aol ALL V 
-.62 

2.950 

1 H 
'1.07 

2.907 2 H 
3 .80 

2.061; J H 
3.09 

",So u 
I.j H 

1 .5'1 
I.j. I.j S b 

l. ,_ L H 
3. I 3 

3. " . I 
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Table 10. 

RUN 10 Statistical Summary 

CURVE ~ITS ~OR SHMR ~.o GHZ VERSUS SST 

CONSTA NT LINEAR QUADRAT I C " I 
COLUMN TERH TERH TERM RMS 

1 V -897.09 ,.69 -.010 6 1.37 " 
2 V 21. 75 ..... .000 0 1 • 1 .. 1 
3 V 31. 63 ... 1 .000 0 1 • 1 .. 8 .. V "0. 31 • 38 .00 00 1 ..... .. 

ALL V 27. '2 .,+2 .00 00 1.'+ 05 

1 H 19. 79 .2'+ .00 00 2. 1 S ~ 
2 H "2.57 • 1 " .00 00 1.83 3 
l H '62.56 -6~OS .010'+ l.''it; 
It H ll39,'1 -8~So .Ul .. 6 2.303 

ALI. H 592. 9 8 -3.57 .0063 2'''10 

COLUM N BIAS Rl'1S 

1 V -2. 31 1 ... '+ 2 
2 V -1 • sa 1 .2 b 1 
3 V -1 .J 1 1.3'+~ 
Ii V -.78 1.6e.) 

AI.I. V -1 • SO 1.5 .... 

1 H 3.'45 2. 173 
2 H 2.98 1.9 '+2 
3 r1 1 .9" 2.27 1. .. H .55 2.81° 

ILL H 2.23 2.S77 
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Figure 10.2 
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AV(~A6E 
BLOCK ROW I. A T HUOE 

l I 50.8" 
" 2 ,..9.63 

3 'f B ... ? .. ~7.2C 
0\ 2 • IfS.98 po 

2 ..... 7S 
:; "3.~1 .. '12.27 

1 " J ', •• oj 

1 39,79 
l la.'S'1 
\oj 37.2 9 

1'1' If 1 36.03 
2 llf.78 
J 11.c;2 

-. , It 32.26 
5 1 31,1)0 

2 29.73 
J 28 ,,,6 
'f 27.20 

Table 11.1 n 

~t(. 
~ ~,,[,. 

RUN 11-1 %~.~ .;.. 
PO" 

CUH\I£ fiTS fOH SHHR 6.6 6HZ TB VERSUS CELL NUMBER -V"'~ ' 
-~-= 

V POL' 

. -------.----~----.---------.-.-
LINEAR tONSTANT 

'fEHH TERH 

.!atB 1 .. 9 .895 
• 'f 70 I'fB,~OO 
.569 1 .. 8 .2.5 
, .. 60 l't8.16S 
.2lf2 1't8.170 
.21" .lf8 ... SS 
.900 1"'.1l2 
;) 000 1 .. 9.6'10 
• I .... 150."25 
.000 ISI.:t20 
.oon 152,.,75 
.8S9 150.980 

1,063 150.610 
.563 JSJ.~55 

.'"20 152.360 
.323 tS2.825 
.199 1~3.11~ 
.000 I-:''',2l2 
• 2 I 6 15".065 
.:llS IS'f.SU5 

,', 

: 
" 

, J 

RHS 

.260 
~ 2 J 2 ' 
., '9" 
.2Sa 
.212 
, ,312 
.5s7 
·120 
.155 

' .319 
• 37. '8 

.2nO 

. ,290 

.098 

.027 
,200 " 
.1)6 
,IS" 
.231 
.1 1 " 

.. ' I , 

t4 POL • 
--.-.-.-------.-.----.----.-.-.-

LINEAR CONSTANT 
TERH TERH RHS 

-.162 92.605 .061 
-.,566 92.2 .. 0 .... 5 
..... ~7 9 •• ,70 .22 .. 
-,652 90 ..... 5 .10 .. 
-.82" 89.600 '."20 
-.801 88.8l5 .533 
-.887 a8.275 .13'1 

.. 1.138 88,395 .102 
-1,520 89.510 ,112 
-1.598 8 9 ,980 , .278 
-1,320 ',' 110,160 ,8ea 

.000 " ' , 87,322 .799 

.000 86.500 ..... 3 
-,sB"-; 87,290 .048 
-.7sa 8~,"85 .1 .... 

_1.331 8.9.015 ,262 
-1.671 90 .. e"~ •• 59 
-1.778 92 .... 6 .JS!J 
-1.832 92,930 .27S 

'", -lc 1 12 93.860 . lft8 

" 

'" . ';.', 
" ', 

, L 

" 
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Table 12.1 

RUN 12-1 

• lUNVE firS Fn H S""H 6.' 6HZ TB VERSUS CELL NUMBER 

V POL. H POL. 1 .-.-.-------.-.-.---.-.-... ---.- __ ._.-.-. ____ -.u.---•• -.--.-.-.-
AVERAGE Ll~EAR CONSTANT LINEAR CONSTANT 

BLOCK ROW LlTlTuDE TENM TERM RMS TERM TERM R"S 

'41.71 I .20 I 1 .. 9 .075 .533 .000 8'.315 "35 

'- '4'.55 1.200 11f'.180 ,685 .885 8 7 ,2U5 ,726 

3 .. 5,32 1 •• 3 .. 1117,'''0 .621 1,523 85.7110 1.106 
.. ..... 0'· 1.282 • .. 8 ... 05 .lf17 .'13 85.595 .7 .. 5 

2 1 .. 2.a6 .858 ''''.015 ... 3" .000 86.655 .136 

'" 2 II' • 6 I ..... 111'.255 .353 -.386 87.180 ,385 
'" 1 .. 0,37 ,616 '''','4 a o .202 -,87" a 8 .1!t5 ,'422 .. 39,,2 ,301 150,900 ,311 -,957 ;S8.110 .l13 

1 I 37.87 .582 150.5"0 ,290 -,75" 8 7 ,3 .. 5 ."2" 
1 36.61 .565 150.565 .28" -.62' 86.63,5 .200 
1 )5.)7 .'4A9 150.6'45 • 053 -1.12" 87.925 .22 .. 
If 3". I I ,210 151.695 .096 -1."51 89.6l5 .22" .. I 11.85 .20'4 152.5115 • 103 -1.525 ,0.965 .3"" 
2 11.~9 .225 153.010 .073 .. 1."56 " , .610 • 2 :,2 
1 30.)2 .~R5 l53.195 .278 -I .5Z5 92.'90 • ~58 
If 29.06 .ll8 15'1.3 70 .lltO -1.l93 ,,3.560 .189 

5 I 27.79 . ..... 9 .53.9ls .'406 -1.756 ,,5.010 .76J 
2 26.-;3 .392 153,910 .295 -1,609 91.175 .628 
) 2~.2' ,!)~S 153,3BO .253 .1.SIt' 9J"l5 .18"* 
If 11,q9 .l~R l53.ass .IJ6 .. I. If 7 I 91f.I~s .2 99 . 
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Table 13.1 

RUN 13-1 ~% 
~~ (UkV£ FITS FOR SHHR 6,6 6HZ TB VERSUS (ELL NUHBER ~ 

',1j ~ 
:.1. .; 
.: ~~ , " 

V POL' H POL. 
i ~ .. 
\ :. 

~------------------------------- ~.~-----.--.----------.-----.~~-
AVERA .[ LINEAR CONSTANT LINEAR CONSTANT BLOCK ROW LA TI TOOE TEAH TEAH AH5 TERH TERH RHS 

53.-.7 1,30 I 1,,5,535 .000 88.225 ..... 2 " 
I .081 
2 52,l8 I .ll5 1,,6,765 ,253 -,062 89.750 .08l 3 51.n8 .000 150.950 ,751 -.802 91.775 • lao .. .. 9.e7 .000 1 .. 9,172 .575 .1 .10 I 91.970 .18l 2 I «t8.66 -.161 1 .. 8 .710 .093 -1.789 91.675 .125 c. . 2 .. , ... 5 -.127 1't 8 .l20 ,02S -1.815 90.855 .221 CD 
1 .. 6.22 .000 l .. e.202 .237 .1,699 90.090 .'t87 .. ..... 99 .000 .. e ... 55 .350 -1 ..... 1 8 9 .025 .266 ) I .. l,16 .000 .. S.lIO .067 .1 .5)0 88.625 .2S'l 
2 "2,52 -.239 .. 9 ... 10 .068 -1.506 87.785 ... 76 1 .. 1.28 -.250 50 ..... 5 .069 -1.811 8 9 .000 ,328 .. .. 0.0-' -.2 .... 5 •• 910 .Ion - •• 918 90.5~0 .11" .. I 38.79 -,"17 53,675 ,aal -2,1 .. 0 92.980 .229 2 37.5" .000 53.730 , .. 35 -1.187 92.085 .635 1 36,29 .296 52.935 , .. I I -,"26 89.155 ,359 If )5,03 ,l96 52,900 .257 -,805 89'''10 .312 5 I 33,77 ,282 53,'1'15 ,322 .1.268 90.l90 .32" 2 32,51 .3S1 53.285 .1 .. 9 .1.3l" 90,785 ,202 1 31,25 , 181 53.9 75 ,093 -1,188 91.000 .1 .. 7 .. 29.99 .3814 51.720 .127 -1,229 91.570 .lU 6 I 28,12 .656 51,615 .288 -1,1 .. 8 9~.390 ,291 2 27, .. 5 ,189 15",130 .1Z3 -1,"60 92.800 .l25 3 20'1 9 ."16 15'1,395 .275 -1,"52 9l.150 .U3 If 2'1,91 .sn't 15't.265 ,323 -1.655 93.595 .575 
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Figure 13 .1 

RUN 13-1 

SMMR 6 .6 GHZ T5 CROSS-TRQCK GR~DIENT VERSUS LRTITUDE 

0-

j , 

I 

~ 
"I 

.... 
I..L. 

, 
.- -. -
~ 

!-
i ..;... 

; ·1 '- i 
i- ' I 

I 

~ ;"' I '.J - , 
! - i : 
! -:; 

- ,- I 
, 

-"- I 
J 

-, -

~ 
~, - .] 

~ 

" 
V 

" if i " 
-oJ 

" 
V V 

, 
1 

I-i 

H 

I-j ~ 
H H I-j 

I-j 

~ W 
L..; I 

I V 
V 

I I 

t 
! I. I ) ~ : , 

1/ -J ~ 

V 
V Ii 

, ., 
! 

I I 

I ~ 
~ 

H .., 
..: 

~ ..: +- .... 
~ 

I 
I 

I 

~---- .. -----~ 
~~ I • 

""] , ~ 

-" -' 

69 



" 

BLOCK HOW 
AVEHAGE 
LATITUOE 

I 25. 16 
2 26 ... 2 
1 27.69 .. 28.96 

2 I 30.22 
1 3 .... 9 
1 

" 
32.75 

0 .. 3".01 
1 I 35.26 

2 36.52 
J J7.71 
If 39.02 

If I "0,21 
2 .. I .51 
1 .. 2.75 .. .. 1.99 

5 I .. 5'22 
2 .. 6 ... 5 
1 'f1.67 .. ..a.89 

6 1 50.10 
2 51, lO 
1 52.50 
If 5l./" 

Table 14.1 

RUN 14-1 

CURVf fITS fOH 5HHH 6.6 6HZ T8 VERSUS CELL NUMBER 

V POL. H POL. 
------~-.. ---------------~------ ------.-.-----------~-----~-----LINEAR CONSTANT LINEAR CONSTANT 
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Table 15. Itcsults of 6.6 Gllz TA Data Survey 

Min. H Position 
SEASAT-A Start No. of Latitude 
OtOh i,t No. Time Scans Span ~fean Std. Dev. 

I I 'I ~l 2~7. 9,12,28 19 4~0 _ SOoN 9.55 0.83 

1206 262. B,31,45 36 24
0 

- 33°N 9.46 0.84 

1207 262,10,12,27 32 25° - nON 9.31 0.66 
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