






1 

3 

Section 3. SSM/I DEF Tapes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

Section 4. Computation of Antenna Temperatures . . . . . . . . . . . . . . . . . . . . . . . . 7 

Section 5. Computation of Brightness Temperatures . . . . . . . . . . . . . . . . . . . . . . . 9 

Section 6. Computation of Orbit Parameters and Earth Locations . . . . . . . . . . . . . . 15 

Section 7. Erroneous Data Periods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

Section 8. Time Series of Radiometer Parameters . . . . . . . . . . . . . . . . . . . . . . . . . 25 

Section 9. Organization of Antenna Temperature Tapes . . . . . . . . . . . . . . . . . . . . . 34 

Section 10. Logical Data Record Format . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . 
Section 11. Description of Subroutine DECODE . . . . . . . . . . . . . . . . . . . . . . . . . . 40 , 

Section 12. References . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Appendix A. List of Erroneous Data Periods for F08 Satellite . . . . . . . . . . . . . . . . . . 51 

Appendix B. Listing of Subroutine DECODE, Revision 1 . . . . . . . . . . . . . . . . . . . . . 57 
1 



ECTION 

November 28, 1991, on the 
SSM/I's in operation through 

r calibration d 

to use DECO 

of the Fortran compiler. For ex- 
se the convention that the most- 

nes use the opposite convention that the least-significant byte is stored 
version of DECODE used equivalences to relate bytes to words, and 

as dependent on the byte-ordering convention. (Users with PC's and Vax 
ad to modified DECODE.) Revision-1 DECODE does not use eauivalences. 

ather, it directly computes the sensordata from the individual bytes and executes properly 



occurs near the 

te description of the SSM/I TA 
on geolocation, erroneous data 



ore information on the orbit parameters is given in Section 6. . 

ur- 

es the frequencies, polarizations, 

microwave radiati 
7-port feedhorn. 

and hot load once each scan. In this way, calibration obs are taken every scan. 

Earth observatio 

d. The 1400-km swath and 
Earth in two to three days, 

and 22 GHz channels is 240 MHz. The passband for the 37 GHz channels is 900 MHz, 
d for the 85 GHz channel it is 1400 MHz. 



iiii 





SECTION 3. SSMII DEF TAPES 

We obtai are 
originally produced at the Fleet Numerical Ocekogra 
mailed to the National Enviro 

e do not modify the 
tenna temperatures or calibration 
and longitudes that are on the D 
TA tape, we compute 
rather than using the DEF latitudes an 

correcting these problems. 



ression are assume negligi 

ation is to reduce th 



data gaps occur, the time period for this back-averaging will exceed 38 s, and some 
gradation in the calibration may occur. Also note that the 
erage is less than 20 for the first 19 scans in a FNOC DEF 



ECTION 5. COMP ESS TEMPERATURE 

over the entire 4v steradians of 
e terms Gy- and 

ontally polarized 
and horizontally 

polarization is 
e that the gains Gyp and ount for both the 
pattern and the rotation Earth-referenced 

polarization vector relative to the feedhorn polarization vector. 

reflector. It is 
less than the E 



tenna patterns and a uniform ocean field of vi his does not mean that we 
tenna pattern accurately enough to compute TA absolute accuracy of 0.1 K. 

rvations differs slightly 



t, there is a systematic rolloff 
a maximum value of about 1 





g the antenna temperatures, the brightness temperatures are t 
, dual-polarization antenna temperature measurements are tak 



ness temperature assumes a horizontally-uniform 
atially smoothed by the antenna pattern, 
pressions will be a smoothed representa- 
age enhancement techniques can be ap- 
To contrast. The selection of the ap- 
application, and we leave this problem 





t and an along-track adju 
k correction is also done by 

after, the along-track correcti 
08 TA tapes and thereafter, DECOD 
lly does the necessary correctio 
IADJ (See Section 11). 

~ 0 8 ~ ~  tapes prior to March 1990, the along-track adjustment is a 15-km 
tion opposite to the spacecraft velocity vector. Thereafter, the adjustment 
in the same direction. The reason for the change is discussed in the next 
e adjustments were derived by comparing SSM/I images with coastlines 

d are in good agreement with the corrections found by Hollinger [private communication, 
911. We used 85H images of the South Coast of Australia to determine the along-track 

error. The residual error after performing these corrections appears to be less than 10 km. 

-km translation rather 
e 1989 ephemeris up- 

he celestial position 

-axis is defined by 
he vector pointing from the Earth's center to the North Pole. The y-ax 
he x-axis and z-axis. The magnitude R (km) at time t is approximated b 



ment to account 
, the above expr 

n terms of the 



and -0.05O/year for Fl 

except at the equ 

place of the nadir latitude to vei 

point latitude. For the SSM/I altitud 
c latitude and 7 is less than 0.03*, a 











Fig. 5. Plot of erroneous and missing F08 data for the first half of September 1987. 



mall ASCII dat called BADLOC contain- 
listing of this data file is 



e operation of the SSM/I is monitored by producing time series of various 
eter parameters. For example, Figure 6 shows the thermistor readings for three 

rdware components on the F08 SSM/I: the hot load, the top of the SSM/I drum, and the 
rnal temperature of the electronics. Each of these component temperatures is shown as 
ifferent color in Figure 6 and is plotted versus time from July 1987 through June 1991. 
can be seen, the temperatures go through a significant heating cycle every winter due to 
rease solar illumination. There is some concern that this large heating cycle may ad- 

ersely affect the performance of the radiometers. The operation of the SSM/I radiometers 
monitored by producing time series of the radiometer temperature resolution, noise tem- 
rature, and gain. The remainder of this section gives the formulation for computing 
ese parameters and presents figures of the parameters plotted versus time for the first 

r years (July 1987 through June 1991) of the F08 operation. This type 
yet been done for the F10 satellite. 

is computed as 
either cold counts Cc or 

where S represents the sum over the five counts taken during an A-sca e count 
variance is converted to a temperature variance by the following expression: 

coefficient is given by (4). The quantity is then averaged o 
s temperature resolution is then given by 

where < > denotes the 3 or 4 day average. The temperature resolution 
counts is slightly larger than that for the cold counts because the variat 
emission is greater than the variation of the cold space emission. 

and 8 show the temperature resolution for the seven F08 
m the cold counts and from the hot counts, respectively. Each 

nel. The most striking feature in Figures 7 and 8 is the 
5V and 85H channels. Figure 9 is the same as Figure 7 except that the vertical scale has 
en compressed. Figure 9 can be used to determine those time periods for which the 85V 
d 85H channels are usable. The hash 
onth. The horizontal axis goes from 

the first heating cycle in 
s to degrade. After the heating 

er April 1988, the noise in the 8 
anuary 1989, there are time windows in which the noise subsides. The possibility exists 

useful information can be obtained from the 85V channel during these time windows. 
r January 1989, t nnel is not usable. 





















oise increases to between 5 
ber 1990, the 85H channel 

mperature is found from equations (I) ,  (2), and (4) to be 

TN = (Ci + P)A - TA. (56) 

ter temperature resolution is 

AT = (TAJ + T~)/(PT)* 

e system gain G is defined by the reciprocal of (4). 

G = (CH - CC)/(TAH - TAC) 

meter front-end an 

unts within boun 

30 
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11 shows GrGn for the seven SSM/I channels. The 85V and 85H gains decrease 
heating cycles. The gain of the 37V and 37H channels also decreases with in- 

perature. In contrast, the gain of the 22V channel increases with increasing 
perature. The gain of the 19V and 19H channels show little dependence on tempera- 

ure 

he dependence of G on temperature is one of the primary reasons for doing an ex- 
calibration each scan. The temperature variation experience during a single orbit will 

uce changes in Gr Unless frequent calibrations are performed, the changing gain will 
errors in the computation of the antenna temperatures. We have verified that the 
of Gr with respect to temperature displayed in Figure 11 is the same as that ob- 

m an analysis of the gain versus temperature variation for individual orbits. 











The first line also gives the number of data files on the tape that follow the header file. 
The last number on the first line is a checksum. It is the su all 2-byte words in all 
data files on the tape. We use this number to verify tape copies 

COMPACT TA TAPE DATA FILES 

lite number. Thus if the satellite 
tape. For the F08 tapes prior to 

begin time, and the actual end time may occur sooner than the specified end time. The 
e header file give the specified and actual range of 
gaps) between the specified and actual begin and e 

ws the percentage of missing data for 
ame and address of the organizat 

producing the tape. 





n /OUTDAT/, which 
of the DECODE call- 

For Fields 1 and 2 and 

freeing Field 3. 
3 is used to store - 

DECODE determines which TA tape is being processed by looking at the scan time and 
interprets of the contents of Field 3. Thus, the Field 3 format changes are 

in Table 4. For 



minus inclination 





sample of the 85 GHz channels 
single pair of A- and B-scans. 

ach logical recor 



Subroutine DECOD 
definition of these argu 

I85GHZ 
This argument must be set to either 0 or 1. The User should set I85GHZ=0 if information 

Hz observations are taken 

he offset correct! 
ve transfer model 

DATA CH1/.00379,.00525,.00983,0.0,.02136,.02664,.01387,.01967/ 

aracter array described s the bytes that the User's program 



n found by interpolating. GHZ=O, the yal 
control returns to DECOD J85GHZ=1, the 

e TA tapes contain the 19 d es of the B-scai 



85 GHz antenna temperatures are not compu if IS~GHZ=O, the routine finds only 
the surface-type indices for the odd A-scan 85GHZ=1, then all antenna tempera- 
ures and surface-type indices are found. na temperatures are stored on the TA 
pes as 12-bit words, and the surface-! stored as 3-bit words. Most of the 

e TLs is 0.1 K except ode in FDTA is for the unpacking of thes 



the scan time X 
spacecraft location is c 

ins nine 1s I I ~  W K I I ~ ~  ui sie~u~ius irom the beginning of 1987. (Field 3 for 1987 and 1988; 



This 4-byte real variable is the spacecraft east longitud degrees. This longitude 

th's radius of cur 

voltages are in terms of counts and are not required by the calibration algorithm. {Field 9} 

plate of the rotating drum assemblywhich faces the hot load. It is in units of Kelvin de; 
grees. FRTEMP is denoted by Tap in equation (6). {Field 1 I} 



element 
dividua 



ICOLDA(5.7) 
This 4-byte integer array contains the cold calibration counts CP for the SSM/I A-scan. 

channel. The second dimension of the array denotes the channel, with the order being 85V 

and 85H. {Field 24} 

ALAT028) 
This 4-byte real array contains the geodetic latitudes in units of degrees for the 128 cells in 

tides correspond 
e odd elements in 

all 7 SSM/I cham 
5 GHz channels are 

cted 185GHZ=O. {Field 2 

























c 
C F I N D S C A N T I M E  
c 

IT IME=  N3*IBUF( 1)+N 
IFRCTM=N3*IBUF(17)+N 
IF(IFRCTM.EQ.0) XT IM  
IF(IFRCTM.NE.0) XTIME=ITIME+I .D-4*(IFRCTM-10000) 

c 
C IME AND ORBIT NUMBER 
C ANS BEFORE 1 9 8 9  
c 

ELSE 
IOLD=O 
IT IMSC=ITIME 

c 

REV=1 .D-4*CN3*I W F (  5)+N2*IBUF( 6)+Nl* I  
ENDIF 

6. 

L 

OF EARTH'S SURFACE 
ARTHR=6345.7+55.0*SI N(RAD*XLATSC)**2 
IFREV=DABS(REV-300-(XTIME-16530609)/ 
F(DIFREV.LT.100.) THEN 
SAT=8 

RTHR+ALTSC)/EARTHR)/RAD 





SUBROUTINE FDLTLN(J85GHZ. IOLD .YAW) 

AND LONS FOR THE SSM 
T/LON, J85GHZ=l DOES 

SPECIFY COMMON /W 

EGER*4 IATOIL,IBTOIL,ISAT 
L*4 XLATSC,XLONSC.ALTSC.THT,HLTEMP,RFTE 
L*4 PERIODIASCLOCIANGINC,AXISIECC,ANGPE 
L*4 ALAT,ALON,BLAT,BLON,TALO.ATAHI,BTAH 

TEMPO), IVOLT(2),RFTEMP, FRTEMP, IAGC(~), 
SCTM,PERIOO,ASCLOC,ANGINC,AXIS,ECC,ANGP 
OLDA(~,~),IHOTA(~,~),ICOLDB(S,~),IHOTB( 
AT(~~~),ALON(~~~),BLAT(~~~).BLON(~~~), 
~0(5,64),~TAH1(2,128),BTAHI(2,128), IAT 

100 CONTINUE 
c 





SET MID-POINTS FOR B-SCAN 

400 CONTINUE 

DI FLONI=ALON( I C E L + ~  j-ALON( ICE 
IF(DIFLON1.LT.-180.) DIFLONl=D 
IF(DIFLON1.GT. 180.) DIFLONl=DIFLON 
DIFLAT2=BLAT(ICEL+l)-BLAT(1CEL 
DIFLON2=BLON(ICEL+I)-BLONCICEL 
F(DIFLON2.LT.-180.) DIFLON2=D 

80.) DIFLON2=DIFLON2-36 

ICEL)+2.*YA 
LON(ICEL)=ALON(ICEL)+2.*YAW*DIFLON 
F(ALON(ICEL).LT. 0 . )  ALON(ICEL)=A 
IF(ALON(ICEL).GE.360.) ALON 
BLAT(ICEL)=BLAT(ICEL)+2.*YAW*DIFLATZ 
BLON(ICEL)=BLON(ICEL)+2.*YAW*DIFLON2 
IF(BLON(ICEL).LT. 0.) BLON(ICEL)=BLON( 
IF(BLON(ICEL).GE.3 LON(ICEL)=BLON( 

600 CONTINUE 
RETURN 
END 





THE ANTENNA TEMPERATURES AND SURFACE TY 

REAL*8 REV,XTIME 
INTEGER*4 I T I M E -  I T I M S C -  IVQLT, IAGC, ICOLDA, I HOTA, I COLDB, IHOTB. IASCTM 
REAL*8 REV,XTIME 

DATA N1 ,N2/256,655 

ELSE 
TALO(ICH,IC -3 
END I 





INTEGER*4 ITIME81TIMSC81V 
INTEGER*4 IATOIL, IBTOIL8 I 
REAL*4 XLATSC,XLONSC,ALTS 
REAL*4 PERIC08ASCLOC,ANG 
REAL*4 ALAT.AL0N.BLAT.BL 

DATA ABIAS/5* 
IN ORDER TO APPL 

T 
DATA ABIAS/2.083.5,1.32,-1.57,-0.22 
************M********W**** 





REAL*8 REV,XTIME 
INTEGER*& I T I M E ,  I T I M S C 8  IVOLT, IAGC, I 
INTEGER*& I A T O I L I I B T O I L I I S A T  
REAL*& XLATSCIXLONSC,ALTSC,THTIHLTEM 
REAL*4 PERIODIASCLOC8ANGINC,AXISIECCI 
REAL*4 ALATIALON,BLAT,8LON,TAL08ATAHI, 
COMMON/OLJTDAT/ REV,XTIME,ITIME,ITIMSC, 
I HLTEMP(3),IVOLT(2),RFTEMP,FRTEMP,I 
2 IASCTM,PERICD,AXLOC,ANGINC,AX1S8E 
2 ICOLDA(5,7)8 I H O T A ( ~ , ~ ) ,  ICOLDB(5,2) 
3 ALAT(l28),ALON(128),BLAT(128),BLON 
4 TALO(5,64)8ATAHI(2,128),BTAHI(2,128), 

DATA I N I T I A L I Z A T I O N  

DATA ISTART/ l /  
DATA D E L T A / 0 . 0 ~ ~ ~ , 0 . 0 2 ~ 5 , 0 . 0 1 4 3 4 , 0 . 0 ~ ~ ~ /  
DATA ~H1 / .003~~ .00525 , .009~ ,0 .0 , . 021~~ .02  
DATA AVGTA/190.~,130.14,215.42,211.39,158.1 
DATA ABIAS/S*O./ 
DATA SBIAS1/64*0 
DATA SBIAS2/64*0 










