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1.0 INTRODUCTION

The NASA Earth Radiation Budget Satellite (ERBS) spacecraft was launched into a 57 degree
inclination, geocentric orbit on 5 October 1984. The National Oceanographic and Atmospheric
Administration (NOAA)-9 spacecraft was launched into a polar, Sun-synchronous, geocentric,
"noon/midnight” orbit on 12 December 1984. The NOAA-10 satellite was launched into a polar,
Sun-synchronous, geocentric, "terminator” orbit on 17 September 1986. Offsets and count
conversion coefficients for the ERBE satellites for the years 1985, 1986, and 1987 were published
in NASA LaRC Contractor Report 187589 (Reference 1), dated May 1991, and this report may be

considered to be a logical extension of that one.

2.0 SCANNING RADIOMETERS

The relative positions of the scanner at various elevation angles are shown in Figure 1. The
complete design and method of operation of the scanners was described by Carman (Reference 2)
and Kopia (Reference 3). Data for scanner offsets are obtained from pre-Processed Archival Tapes
(also called pre-PATs or ID-3s) produced by the ERBE Merge Subsystem. The Merge Subsystem
and the ERBE scanner count conversion process is fully described by Stassi et al. (Reference 4).
An ERBE telemetry record consists of data measurements over a 16-second period. The ERBE
scanners complete one scan every four seconds; hence, there are four scans in each telemetry
record. A space-view is obtained every scan and is the source of the "space clamp" offset. Drift
in the "space clamp" over the scan is adjusted. The scan position offsets are those listed in this
report. It is important to mention that the scan positions referred to in this report, which range from
1 to 60, are known as the "Earth-viewing" scan positions, and they differ from the sample numbers
listed in other documents (e.g., Section 4, Reference 8), which range from 1 to 74. The conversion
from the "Earth-viewing" scan position to sample number is performed by adding 8 to the scan
position. Thus, sample numbers 1 to 7 are the "space-viewing" positions, 8 to 68 are "Earth-
viewing", and 69 to 74 are the "internal blackbody (IBB) viewing" positions. The nadir position

in the "Earth-viewing" system is scan position 34, and it is sample number 42.
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Figure 1. ERBE Scanner Elevation Angles
2.1 ANNER NT CONVE

The ERBE Science Team (Reference 5) modeled and determined the count conversion coefficients
(Reference 6) using the TRW ground calibration data documented by Hendricks (References 7, 8,
and 9) for all ERBE scanning sensors. A more detailed description of the scanner count
conversion process is given by Lee et al. (Reference 10). The accuracy of the ERBE scanners was
shown by Lee et al. (Reference 11) to be within 1%. Stassi et al. (Reference 4) detailed the
software applications of the count conversion algorithms as they are used by the ERBE Merge
Subsystem. In abbreviated form, the following equation characterizes the scanner count conversion

algorithm used:

E¢w = GAIN * (raw counts - (scan position + space clamp count
offset))+ scan offset for the record + drift offset for the scan



where: GAIN = (AV/VB)*CVLT and
AV = aconstant for the channel determined from ground calibration data.
VB = bias voltage counts for the channel
CVLT = a counts-to-voltage conversion factor (=1/409.5)

Green et al. (Reference 12) discuss the process of inverting the satellite attitude measurements to

the top-of-the-atmosphere (TOA).

2.2 ERBS SCANNER OFFSET PROCEDURES

It has been verified, by using space-view data from in-flight pitch-up maneuvers, that the ERBS
in-flight scanner offsets remain the same as the ground offsets. Major differences were found,
however, between the scanner offsets when operated at the along-track azimuth position and those

found when operated in the cross-track position. Appendix A contains the ERBS cross-track and

along-track scanner offsets. R nn ion
publication were in the cross-track mode. Plots of these filtered offsets are shown in Figures 2, 3,
and 4.

2.3 ROCEDURE

The procedures used in the determination of the in-flight offsets for the ERBE NOAA satellites
were developed by Mr. Lee Avis (Reference 13) of the Atmospheric Sciences Division at the
NASA Langley Research Center (LaRC). The procedures include:

1. Accepting the ERBS measurements as "truth”
2. Comparing ERBS measurements to those of NOAA-9 or NOAA-10
3. Assume differences are offset errors
4. Adjust the NOAA measurements using the measured differences
The procedures are unique to the scanner instruments. The NOAA-9 and NOAA-10 scanner

offsets were produced only for scan positions 5 - 60 because scan positions 1 - 4 are cither space

scans or are space contaminated. Detailed procedures are outlined in the following paragraphs.



[PUURYD [B10], - S1983J() JouuRdg SHY " angiy

NOILISOd NYOS

9 89 |G GF S¢ oc = - N O

)R
q -
ﬁwﬁl

V)
8 ed
! FD@ @0@&
{ ..,,Jﬂ.,f o AJDW%M N |
\‘.V ¥ \
N N

) o he |

TINNYHD Tv101




[PUUBYD) 3ABMIUOT - S13SJ() JOUUBDS ST "¢ 2Ingiy

9

NOILISOd NVOS
S 8¢ cs 9¢ ol ol

A @d o
)]

N Qg

TINNVHD JAVMONOT
S13SHH0 HINNYDS M3

SC9

0/8° 1




[auuty) 2AEMIIOYS - S13S3J() 1ouuedS ST b 2andiy

NOILISOd NVOS
Y 8% ce 9C

AP JAYM O
SO0 NN _Jn

S

Q]

LTM ) L3S 440

!
Y

N/S

=
D*C**

f
y




2.3.1 NOAA-9 SCANNER OFFSET PROCEDURES

For selected days during the month, when the ERBS averaged radiance profile is approximately
Lambertian and the ERBS and NOAA-9 satellite orbits intersect in darkness, averages of the
differences in the two readings for each scan position (corrected for differences in satellite altitude)
were determined. These "offsets” are called the "benchmark" offsets and represent the amount by
which the NOAA-9 measured radiances must be corrected to produce the "corrected to ERBS"
values. The NOAA-9 offsets for each day, or for a group of days, are determined by applying the
"benchmark” offsets to the NOAA-9 readings for the "benchmark" day or days, averaging if more
than one day is involved, and taking the difference between these "corrected to ERBS" NOAA-9
radiances and the measured NOAA-9 radiances on the day in question. The NOAA-9 scanner
offsets, generated by using the "Avis” method (Reference 13) just described, are shown in
Appendix B of this report. In the listings contained in Appendix B, there are occasional columns
which are filled with asterisks. In those cases, there either were no data for the day in question, or

the data were not reduced.

232 NOAA-10 SCANNER OFFSET PROCEDURES

In the case of the NOAA-10 satellite, scanner offsets are necessarily produced in a different manner
than those for NOAA-9 because in the NOAA-10 terminator orbit, there are few intersections in
darkness; and because the NOAA-10 offsets have been found to be sensitive to scanner azimuth
angle, which was set at either 0 or 35 degrees. Therefore, to determine NOAA-10 offsets, the
NOAA-9 procedures were modified to use an average of all offsets for days which contain
nighttime intersection data during the period under consideration (i.e., the period when the scanner
azimuth angle remains fixed at either 0 or 35 degrees). These averaged data were then used as the
NOAA-10 offsets for each day of the entire period. The NOAA-10 scanner offsets which were
generated using the modified procedures method, are shown in Appendix C of this report. Offset
plots for the ERBS, NOAA-9, and NOAA-10 scanners are shown in Appendices E and F,
respectively. Since ERBS offsets did not vary with time, the ERBS plots are 2-dimensional.
NOAA-9 offsets are shown in surface plots because they changed daily. NOAA-10 offsets varied

only when the scanner azimuth angle changed; therefore, only two different sets were used.



2.4 SIGNIFICANT EVENTS

During the lifetimes of the three ERBE satellites, there were periods when the satellites did not
function "normal” in the Earth-viewing mode. Some of these special measurement events were
planned, such as the biweekly internal calibrations and operations in the along-track (or
pushbroom) mode, others were not. The most significant of these events are described in the

following paragraphs.

2.4.1 SIGNIFICANT EVENTS: ERBS

1987 - During the month of February, from the 15th to the 25th; during the month of June, from
the 3rd to the 17th; during the month of August, from the 17th to the 27th; and during the month
of December, from the 3rd to the 17th; the ERBS scanner was operated at an azimuth angle of 145°
(i.e., the “hot-orbit” position). At all other times during the year, the scanner was operated at the
“normal” cross-track azimuth angle of 180°. The scanner operated in “normal Earth-scan” mode,
and the nonscanner operated with azimuth and elevation angles of 0° for the entire year. On 2 July
1987, during a scheduled in-flight orientation, change control of the spatial orientation of the
ERBS spacecraft was lost. To prevent damage to the instrument, power was turned off. Control
was regained on 4 July. When the instrument was powered-up, the offsets for the nonscanner

detectors were found to have shifted.

1988 - During the month of Feoruary, from the 14th to the 24th; during the month of June, from
the 2nd to the 16th; during the month of August, from the 15th to the 25th; and during the month
of December, from the 2nd to the 15th; the ERBS scanner was operated at an azimuth angle of
145°. At all other times during the year, the scanner was operated at the normal cross-track
azimuth angle of 180°. The scanner operated in the normal Earth-scan mode, and the nonscanner

operated with azimuth and elevation angles of 0° for the entire year.

1989 - During the month of February, from the 13th to the 23rd; during the month of June, from
the 1st to the 15th; during the month of August, from the 14th to the 24th; and during the month of
November, from the 30th to the 14th of December; the ERBS scanner was operated at an azimuth

angle of 145°. At all other times during the year, the scanner was operated at the normal cross-



track azimuth angle of 180°. The scanner operated in the normal Earth-scan mode, and the

nonscanner operated with azimuth and elevation angles of 0° for the entire year.

2.42 SIGNIFICANT EVENTS: NOAA-9

The scanner instrument failed at 18:49:12 on 20 January 1987. Thereafter, there are no scanner

offset data for the NOAA-9 satellite.

2.43 SIGNIFICANT EVENTS: NOAA-10

Because of the orientation of the Sun in relation to the NOAA-10 scanning plane in this terminator
orbit, the scanner azimuth angle must be changed periodically to prevent scanning of the solar disk.
On 1 January 1987, the scanner was operating at an azimuth angle of 35° and remained so until
17:44 on 21 April 1987, when it was changed to 0°, where it stayed until 12:38 on 31 August 1987.
At that time the scanner azimuth was again set to 35°, where it remained until 13:31 on 19 April
1988, when it was again returned to 0°. The scanner azimuth remained at 0° until 20:42 on 29
August 1988, when it was again set to 35°. The scanner remained at an azimuth of 35° until 13:15
on 16 April 1989, when it was returned to 0°. The scanner remained at a 0° azimuth until the
instrument failed at 17:03:26 on 22 May 1989. Thereafter, there are no scanner offset data for the
NOAA-10 satellite.

3.0 NONSCANNING RADIOMETERS

The ERBE nonscanning sensor module is illustrated in Figure 5. The complete design and method
of operation for the nonscanners was described by Carman (Reference 14) and Luther et al.
(References 15 and 16). The TRW ground calibration data for the ERBS, NOAA-9, and NOAA-
10 nonscanners were documented by Fellner et al. (References 17, 18, and 19). The ERBE Science
Team and Halyo et al. (References 5 and 6) designed, modeled, and developed count conversion
equations to represent the TRW ground calibration data. They also produced the final count
conversion coefficients for all nonscanning sensors. For the most part, nonscanner offsets were
produced for every usable calibration day. The normal nonscanner calibration frequency was once

every two weeks.
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Figure 5. ERBE Nonscanning Sensor Module

3.1 NONSCANNER COUNT CONVERSION ALGORITHMS

The equations used in the determination of nonscanner offsets were developed by the ERBE

Science Team and are as follows:
TOTAL CHANNELS (WFOV & MFOV)
2 2
Er=AyV =AF-TF+AR-VR+BT n
SHORTWAVE CHANNELS (WFOV & MFOV)
Eqw = Ay V24 Ap-Tp+Ag - Er+ A} + Bgy )

The in-flight total channel count conversion coefficients, except for the By offset term, remain the
same as the ground coefficients. The offset term, By, was recalculated using in-flight calibration

data. However, because of degradation of the transmissivity of the Suprasil dome used to block

10



longwave radiation from entering the active cavity of the shortwave channel, each count
conversion coefficient for the shortwave channel is modified as described in paragraph 3.1.1.

The shortwave offset term, Bgw, is then recalculated using the in-flight data as described in

paragraph 3.3.

3.1.1 DOME DEGRADATION CORRECTION

The transmissivity degradation caused by solar exposure of the dome is computed for each
calibration day. The method of correction of the shortwave data to compensate for this dome

degradation is accomplished by using the relationship:

A = {s(tp/s(}-A
where: A(t) = "corrected" in-flight shortwave coefficient
s(t,) = measured solar irradiance on day 0
s(t) = measured solar irradiance on day t
A = ground coefficient for the term in question

The factor {s(tg)/s(t)} is sometimes referred to as the dome degradation factor. Itis a number
(normally greater than 1) which represents the amount by which the ground coefficient, A, must
be increased to compensate for degradation of the dome. These comments apply to all "A"
coefficients in the shortwave equation (2). Before June of 1988 (in the case of NOAA-10), and
before July of 1988 (in the cases of ERBS and NOAA-9); for the coefficients and offsets listed in
this document, the value of s(t) was calculated from a second order fit to solar calibration data, both
before and after the data days. After the previously mentioned dates, the coefficients and offsets
were determined by linear interpolations of the solar calibration data taken by the Earth-viewing
channels on the closest calibration days bracketing the data day. The reason for these changes is
illustrated graphically in Figures 6, 7, and 8, which describe, respectively, the solar measurements
taken by the Earth-viewing channels for the ERBS, NOAA-9, and NOAA-10 spacecraft. The
initial degradation of the ERBS WFOV shortwave channel (Figure 6) was very close to second
order; however, the flattening, rise, and then more gradual degradation of the ERBS channel (at
about the 3-year mark) indicated other (unpredictable) factors were involved. Moreover, similar
behavior of the NOAA-10 WFOV shortwave channel (Figure 8) reinforced our need to abandon

11
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the curve-fitting method in favor of the “instantaneous" method of determining degradation

factors.

The offset terms, Bgy, were then computed by assuming zero shortwave energy present in the
nighttime in-flight data. These in-flight offsets have been described elsewhere by Paden et al.
(Reference 20).

3.2 GROUND OFFSETS

Ground calibrations for the ERBE nonscanners were performed by Fellner et al. (References 13,
18, and 19) at the TRW facility in Redondo Beach, California, and an analysis of these calibrations
was performed by the ERBE Science Team (Reference 5). The resultant coefficients are presented

in Table 1.
TABLE 1. ERBE Nonscanner Ground Coefficients

SAT| COEF. Ay Ag Ap B Ag

E (1). WFOV -22.7873 -1.3968 26.1161 1703.700 N.A.

g T MFOV -22.7093 -0.9230 25.1276 1273.547 N.A.

S S | WFOV -25.5824 -0.6434 26.5454 1311.386 -0.03051
V/V MFOV -25.5337 1.2227 29.0431 1014.669 -0.03751
T | WFOV -22.8621 -0.3977 24.7635 1475.430 N.A.

N ? MFOV -22.5566 -0.5274 23.9133 1211.540 N.A.

E S | WFOV -25.9880 -0.3540 30.1311 1359.474 -0.03465

9 \;V MFOV -25.4599 0.7092 28.9870 841.703 -0.03604
T | WFOV -22.5230 -0.4216 23.8202 1432.85 N.A.

N (T)' MFOV -23.2215 -1.9825 22.4009 1668.74 N.A.

E S | WFOV -24.3501 -1.3074 28.6683 1417.18 -0.03032

10 V/V MFOV -25.0633 -3.3751 29.1677 1942.58 -0.02270

15



3.3 IN-FLIGHT OFFSETS

The ERBE Merge Subsystem, described by Stassi et al. (Reference 4) was used to produce
Instrument Validation Tape (IVT) for each caiibration day in question. This tape was used as the
source for nonscanner in-flight calibration data. Appendices F, G, and H contain figures depicting
the offsets derived on the calibration days for the ERBS, NOAA-9, and NOAA-10 satellites,
respectively. Monthly tables of nonscanner offsets, as they were used by the Merge Subsystem,
are reproduced in their original memoranda format in Appendices I, J, and K, for the ERBS,
NOAA-9, and NOAA-10 satellites, respectively. At the time of publication of this document,
nonscanner offsets (for the production of archivable products) were available for the following

months only:

ERBS : 1 January 1987 through 31 December 1989
NOAA-9 : 1 January through 31 January 1987
NOAA-10: 1 January 1987 through 31 May 1989

3.3.1 TOTAL CHANNELS

Two data sets are used to independently determine total channel offsets (i.e., the By terms). These
are referred to as "B-soak” and "internal cal." The "B-soak" data set is the set of 60 IVT records
beginning 90 records before the "go to nadir” command preceding the elevation of the instrument
to the internal sources for the internal calibration sequence. The "internal cal" data set is the data
set comprised of records collected during the internal calibration sequence when both the
Shortwave Internal Calibration Source (SWICS) and the calibration heater voltages are zero. Total
channel offsets are independently determined from both of these data sets, using the temperature
and voltage data supplied by the IVT records. If the "B-soak" offset is present, it is the preferred
offset and is the final total channel offset. If the "B-soak"” offset is not available, then the "internal
cal” offset is used. In conformance with the characterization of the total channel offsets (Reference
6), we have added the correction factor multiplied by the configuration factor to convert the
internal blackbody (IBB) measurements into the master reference blackbody (MRBB) units. All

nonscanner offsets listed in this document include this correction factor.
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3.3.2 RTWA ANNEL

Four data sets are defined for use in the independent determination of shortwave channel offsets.
The "B-soak" and "internal cal” data sets, as described for the total channels; the "nighttime" data
set; and the "solar cal" data set. The "nighttime" data set is the aggregate of all data records
collected when the solar zenith angle is greater than a specified value. The specified value is
normally 123 degrees. The "solar cal” data set is the collection of "space-look" records (about 24)
following solar exposure while the instrument is returning to nadir. During the “nighttime” and
"solar cal" periods, the incident shortwave flux is assumed to be zero. If there is data for the
"nighttime" offset, this is the preferred offset. If not, then the second choice is the "internal cal”
offset determined by using the IVT data (and using the SWICS temperature to determine the total
channel flux reading, if the SWICS was being observed) adjusted by the appropriate "delta” (e.g.,
the fitted difference between the "nighttime” and the "internal cal” shortwave offsets). Failing
either of these options, we then resort to using interpolated "nighttime"” (first choice) or "internal
cal” (second choice) data from the calibration days immediately preceding and succeeding the day
in question. "Solar cal” offsets are not currently used. Deltas for shortwave channel correction
from internal calibration data to its "nighttime” equivalents are determined from least squares

linear fits to historical shortwave calibration data.

3.4 FINAL COUNT CONVERSION COEFFICIENTS

Appendices F, G, and H contain tables of nonscanner offsets for the ERBS, NOAA-9, and
NOAA-10 satellites, respectively, for the years 1987, 1988, and 1989. These offsets were
generated using data acquired on internal calibration days, which is shown in the plots in
Appendices [, J, and K and are presented as they were used by the ERBE Merge Subsystem. For
the most part, nonscanner offsets were produced for every useable calibration day, and the
nonscanner internal calibration frequency was approximately once every two weeks. As
mentioned in the Introduction, NOAA-9 scanner offsets end in January 1987, and NOAA-10

offsets end in May 1989 due to the failure of their scanner instruments.
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APPENDIX A
ERBS SCANNER OFFSET TABLES

"S.P." in the following tables means scan position. All scanner offsets have the units watts per

square meter per steradian
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ERBS SCANNER OFFSETS

1 JANUARY 1987 THROUGH 3t DECEMBER 1989
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-0.06
—0.45
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-0.17
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-0.44
-0.32
-0.74
-0.51
-0.41
-1.19
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APPENDIX B
NOAA-9 SCANNER OFFSET TABLES

The term "S.P." in the following tables means scan position. All offsets have the units watts per

square meter per steradian.
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S.P.

1
2
3
4
5
6
7
8
9
10

1"
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
3
32
33
34
35
36
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38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

NOAA-9 SCANNER OFFSETS FOR JANUARY

1 2 3 4
-1.27 -1.27 -1.27 -1.27
1.06 1.04 1.04 1.04
1.93 1.93 1.93 1.93
-9.64 -9.64 -9.64 -9.64
-1.98 22 -1.01 2.1
-1.8 -.51 -.63 .42
-2.11 -.63 -.9% -9
-2.86 -.97 -1.B4 -2.49
-1.67 23 -8 -1
-1.25 26 -.29 -1.63
-1.25 .02 -.81 -1.62
-1.18  -.32 -1.14 1.1
-1.37  -.88 -1.45 -2.00
-.67 -.16 -.55 -.98
-.68 -.06 ~-.34 -.42
-.55 .18 -.04 .27
-.25 .58 .34 .92
-.99  -.10  -.48 .15
-.50 .31 -.08 .58
=76 -.07  -.34 .35
-.83 -.21 -.24 .49
-.83 -.20 -.07 .59
.72 -4 .14 74
-.55  -.10 .28 .95
-.51 .09 131,07
-.26 .23 .22 1.33
-.30 A1 -05 1,22
-.57 -.28 -.54 .86
.20 .20 -.08 1.35
=21 -4 -73 .65
-.05 -.29 -.76 .70
.33 A7 -.42 .99
.15 -.02  -.60 74
.08 -.12 -.67 .7
.64 37 -2 1.
.59 .13 -.28 .85
.80 .23 .06 .86
.78 .14 .23 .67
.90 .18 .43 .69
A5 -4 - .15
a7 =27 .23 .39
97 -1 .36 47
61 -.45  -.03 -.06
76 -9 A5 -.04
.90 .19 47 .24
1.00 4h 79 iy
41 .05 42 -.34
.30 .26 69 -2
-.05 .20 72 -.25
-.42 A7 69 -.41
-.65 42 91 -.38
-.53 .66 1.23  -.27
-.22 91 1.45 .16
-.23 .69 1.15 .00
.20 1.26 1.33 .44
-1.36 .05 -.36 -1.00
-1.78  -.31 -.99 -1.66
-2.75 -1.83 -2.52 -2.92
-3.34 -3.29 -3.94 -3.91
-12.68 -14.33 -13.60 -15.62
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-1.63 -1.63 -1.63 -1.63

1.93
-9.64
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.72
-.16
-1.43
-.69
- .63
-.90
1.16
1.45
-.66
-.42
-.17
-.28
-1.37
-.65
-.50
-.29
-.34
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.08

.24

.52

.30
-5

.45
-.10
-.08

.23

.01
-.02

461

.08
.03
.25
-.12
.25
.48
.21
)
.67
.89
47
.67
.59
.48
.54
.70
.97
.51
.68
-1.04
-1.77
-2.79
-3.62
-15.69
11.19
-1.63
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36 -.37
67 -.22
63 -.34
b4 -5
.22 -.12
.27 N
.58 .30
.57 .01
1.05 .15
-.55 -1.39
-1.12 -1.49
-2.78 -2.62
-4.38 -3.51
-14.87 -11.15
1.19 11.19
-1.63 -1.63
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NOAA-9 SCANNER OFFSETS FOR JANUARY 1987: SHORTWAVE CHANNEL
DAY OF MONTH -->

S.P. 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15
1T -7 -7 -1 -7 -1 -1 -7 -~ -1 -1 -117T -1 -1 -1 -N
2 .32 .32 .32 .32 .32 .32 .32 .32 .32 .32 .32 .32 .32 .32 .32
3 .49 .49 49 49 .49 .49 49 49 49 .49 .49 49 .49 49 .49
4 -46.09 -4.09 -4.09 -4.09 -4.09 -4.09 -4.09 -4.09 -4.09 -4.09 -4.09 -4.09 -4.09 -4.09 -4.09
5 .63 .63 .60 .69 .72 .M 76 .70 .78 .53 .37 .64 .55 .65 .63
6 T4 T4 .7 .80 .83 .82 .86 79 .90 .70 .48 75 .66 .75 74
7 .40 .39 .37 .45 47 46 .50 .45 .56 .39 .14 .38 .33 .40 .40
8 .76 T4 .72 .79 .82 .80 .85 .80 .92 76 .52 .73 .69 .75 .75
9 a1 .80 .79 .86 .88 .86 M .86 97 .82 .58 .78 74 .81 .80

10 .43 .40 .43 .48 .49 .49 .52 47 .57 .43 .18 .36 34 A 41

1 T .7 .72 7 .78 7 .83 .78 .88 74 .52 .69 .67 .73 .72

..
~N
~
o
%

. . .70 .72 74 .73 .80 .75 .88 .72 .50 .66 .68 .7 .70
3 -1 -6 -.12 -.11 -.10 -.10 -.03 -.09 .03 -.10 -.36 -.20 -.16 -.11 -.12
14 .14 .1 .14 .18 .19 .19 .24 .17 .26 A4 -L12 .06 .05 .15 A4
15 17 A3 .14 .20 .20 .20 .26 .19 .28 .14 .12 .08 .07 .18 A7
6 -.24 -27 -.27 -2 -.2¢ -.2¢ -.15 -.22 -.12 -.26 540 -.32 -.32 -.23 -2
17 .09 .06 .06 -1 .18 A7 .19 .12 21 .06 .21 .01 .01 -1 .09
18 .11 .09 .08 14 .15 .12 .21 A4 .24 07 .20 .03 .03 .12 .1
19 -.28 -.29 -.32 -2 -.22 -.27 -.18 -.25 -.13 -.29 b0 -.36 -.36 -.26 -.29
20 .09 .09 .07 13 .16 .15 .18 1N .23 .07 .22 .00 .01 .10 .07
21 .09 .10 .10 .13 .15 16 .18 .1 .20 .02 .23 .01 .02 .09 .08
2 -3 -.32 -.35 -.30 -.30 -.30 -.23 -.32 -.23 -.42 -.68 -.40 41 -.33 -.35

23 .02 .03 .01 .05 .06 .06 .12 .03 120 -.12 -35 -.04 -.05 .03 .01
24 .05 .07 .05 .09 .09 .09 .14 .06 A5 -1 -3 .01 -.01 .06 .04
S -3 -3 -3 -3 -3 -.29 -2 -.32 -.23 -3 -.65 -.37 -39 -3 -.35
26 .03 .06 .02 .05 .06 .07 14 04 .14 .02 .28 -.01 -.03 .05 .01

27 .06 .10 .06 .08 .09 .09 .16 .07 .16 .06
28 -.33 -.28 -3 -3 -1 -3 -2 -3 -.23 -.32
29 .06 1 .06 .08 .08 .08 .16 .07 .16 .06 .23 .01 .00 .07 .03
30 N .16 12 .13 .12 .12 .20 .1 .19 .09 .20 .04 .03 -n .07
n -2r -20 -.27 -.25 -.26 -.27 -7 -.26 -.18 -.29 -.56 .32 33 -5 -.30

.23 .02 .00 .07 .04
61 -3 -39 -.32 -.35

32 .09 .15 .09 .08 .07 .06 .16 .06 A7 05 -.24 -.01 .02 .10 .06
33 .00 .07 .03 -.01 -.04 -.04 .06 -.04 .05 -.05 -.37 -.14 -.08 .02 -.02
34 -.38 -.32 -.33 -.38 -.40 -.40 -.31 -.42 -.36 -.43 -.78 -.54 -.50 -.36 -.40
35 -.04 .04 .00 -.05 -.07 -.08 .02 -.08 -.01 -.09 -.38 -.17 -.12 -.01 -.05
36 .03 .10 .05 01 -0 -0 .08 -.01 .05 -.05 -.31 -1 -.07 .05 .01
3 -3 -.23 -.29 -.32 -3 -.35 -.26 -.34 -.28 -39 -.65 -.43 -.41 -.29 -.33
38 .09 A7 .10 .08 .06 .04 13 .04 .10 .00 27 -.05 -.05 .09 .06
39 .13 .22 4 .12 .1 .10 A7 .09 .15 .07 .25 .03 .00 .13 .10

4 -.18 -.10 -.17 -.20 -.21 -.23 -4 -.23 -.17 -.26
41 .23 .30 .26 .21 .20 .19 .29 .19 .23 .13
42 .23 .34 .24 .21 .20 .18 .28 .19 .25 .13
43 -4 -02 -.12 -7 -7 -.18 -09 -.18 -.12 -.23
4b .21 .34 .24 .18 .19 A7 .26 A7 .24 -1
45 .22 .34 .26 .20 .21 .19 .28 .18 .25 .13
46 -.16 -.06 -.12 -.18 -.17 -.19 -.12 -.20 -.13 -.2%
47 .19 .28 .22 A7 .19 A7 .23 .15 .22 N -
48 .22 .31 .25 .21 .23 .21 .27 .19 .27 14 16 .07 .03 .19 .18
9 -.13 -04 -.11 -6 -1 -4 -.08 -.16 -.07  -.19 A9 -26 -.33 -6 -7
50 .26 .34 .29 .26 .29 .27 .32 .24 .3 .20 -.14 M .04 .23 .22
51 .23 .34 .25 .23 .27 .25 .28 .21 .30 19 -.13 .10 .03 .22 .20
52 -.12 -0¢0 -11 -.12 -.08 -.10 -.08 -.14 ~-.05 -.17 ~-.48 -.27 -.33 -.12 -.16
53 .80 .90 . .86 .90 .87 9 .84 .83 .72 .40 .65 .51 .81 79
5 1.16 1.25 1.18 1.17 1.20 1.20 1.25 1.19 1.26 1.12 .81 1.02 99 1,16 1.14
55 .82 .89 .84 .83 .87 .87 .88 .84 9N 77 47 .67 .63 .79 .80
56 1.16 1.22 1.18 1.17 1.21 1.21 1.21 117 1,26 1.12 .81 1.0 950 112 1,13
57 117 1.23 1,20 1.19 1.23 1.22 1.22 1.19 1.28 1.16 .86 1.02 96 113 1,15
58 79 .85 .82 .81 .84 .84 .84 .80 .90 .81 .53 .65 .58 76 .78
59 1.1t 115 1.3 112 117 116 1.16 113 122 1.7 .87 97 .90 1.08 1.11
60 1.10 1.14 1,11 1,10 114 1.14 115 111 1,21 1,16 .86 .96 90 1,08 1.1
61 3.05 3.05 3.05 3.05 3.05 3.05 3.05 3.05 3.05 3.05 3.05 3.05 3.05 3.05 3.05
62 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

59 -.29 -.33 -.19 -.22
.23 .10 .05 .21 .19
.18 .15 .09 .22 .20
52 -.23 -.29 -.16 -.18
.16 .10 .05 .19 A7
.16 .10 .06 .20 .18
.53 -.29 -33 -9 -.20
.18 04 .00 .16 .15
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APPENDIX C
NOAA-10 SCANNER OFFSET TABLES

The term "S.P." in the following table means scan position. All offsets have unit watts per square

meter per steradian.
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NOAA-10 SCANNER OFFSETS

{SCANNER AZMUTH ANGLE = 35 DEGREES)

S.P, TOTAL LW sw
1 0.66 0.29 0.43
2 0.62 0.58 0.13
3 0.77 0.7 ~0.05
4 ! 0.82 0.99
5 -1.16 -2.88 0.08
6 -0.23 -1.22 0.16
7 0.4 -0.21 101
8 1.04 0.24 0.41
9 1.64 0.47 0.43
10 1.55 0.45 1.26
1 1.6 0.41 0.52
12 1.57 0.16 0.54
13 1.42 0.06 1.36
14 0.96 -0.47 0.62
15 1.11 -0.73 0.51
16 0.85 -1 1.19
17 0.74 -1.28 0.41
18 1.08 -1.37 0.35
19 0.31 -2 1.07

20 0.07 -2.37 03
21 0.05 -2.67 0.09
22 -0.47 -3.19 0.68
23 -0.51 -3.44 -0.06
24 -0.38 -3.69 -0.08
25 -0.56 -3.93 0.81
26 -0.54 ~4.09 0.0t
27 -0.29 ~-4.15 -0.02
28 -0.34 -4.2 0.87
29 -0.29 -4.29 0.1
30 -0.2 -4.47 0.08
N -0.44 -4.58 0.84
32 -0.48 -4.69 0.11
33 -0.2 -4.67 0.08
34 -0.13 ~4.48 0.84
35 -0.12 -4.42 0.07
36 0.16 -4.29 0.07
37 -0.07 -4.28 0.89
38 -0.11 -4.23 0.14
39 0.38 -3.95 0.12
40 0.08 -3.94 0.91
41 -0.01 -39 0
42 0.15 -3.86 -0.15
43 0.05 -3.72 0.66
44 -0.18 -3.73 -0.07
45 0.09 -3.51 0.04
45 0.41 =311 0.8
47 0.29 -3.23 0.04
48 0.65 -3.05 0.11
49 0.6 -2.98 0.87
50 0.38 -3.12 0.11
51 0.32 -3.22 0.06
52 0.36 -3 0.84
53 0.1 -3.19 0.09
54 0.35 =347 -0.03
55 0.26 -3.06 0.72
56 0.38 -2.91 -0.04
57 0.56 -2.8 0.03
58 0.25 -2.69 0.79
59 0.73 -1.46 0.43
60 1.19 0.04 0.96
61 1.26 1.31 0.96
6% 255 245 9+
35
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NOAA-10 SCANNER OFFSETS

(SCANNER AZMUTH ANGLE = ZERO DEGREES)

S.P.

D N W NN -

LR LEGLE LR UG LI S S S G S G S Wy Wy Sy 7Y Iy SV SYIR YR VI VR VR FUR VR VR I IS B B R S B B B et e
wm\lmu‘hUN-'O‘D(D\IU’U'LMN—QIDCDNU"U‘&UN—-Q!DCDN@U‘&UN—-OGDO\‘U’U‘&HN—O“’

60
B1
62

TOTAL

0.26
0.62
0.77

-0.99
-0.3
-0.47
-0.82
1.62
2.07
1.6
0.97
0.82
1.16
0.72
0.46
0.44
0.92
0.84
1.12
1.08
0.86
0.88
0.97
1.09
1.15
0.98
1.12
1.18
1.36
1.24
1.55
1.37
1.22
1.25
1.61
1.7
1.49
1.77
1.46
1.09
1.53
1.87
1.9
2.18
2.22
2.39
2.52
2.17
1.63
1.5
1.75
1.68
1.79
.21
$.15
1.34
0.62
0.25
-5.46
1.26
4.55

36

Lw

0.08
0.58
0.7
0.82
-0.99
-0.67
-0.45
-0.58
0.93
1.36
1.07
0.5
0.48
0.65
0.22
0.12
0.08
0.26
0.27
0.47
0.35
0.27
0.31
0.3
0.51
0.63
0.48
0.74
0.81
0.81
0.89
1.13
0.91
0.97
1.02
1.16
1.37
1.23
1.25
1.18
0.94
1.08
1.42
1.44
1.5
1.68
1.86
1.86
1.7
1.3
113
1.42
1.47
1.46
1.22
1.19
1.24
0.97
0.9
-3.31
1.5
2.31

Sw

0.23
0.13
-0.05
0.99
=-0.41
-0.37
0.45
-0.24
-0.27
0.49
-0.31
-0.34
0.5
-0.32
-0.39
0.37
-0.39
-0.42
0.32
-0.44
-0.64
-0.01
-0.77
-0.76
0.13
-0.54
-0.5
0.44
-0.27
-0.24
0.6
-0.11
-0.1
0.68
-0.08
~0.05
0.78
0.02
0.02
0.86
-0.05
-0.21
0.58
-0.17
-0.06
0.7
-0.09
-0.06
0.68
-0.14
-0.22
0.55
~0.16
-0.32
0.4
-0.4
-0.43
0.33
-0.47
-0.36
0.96
1.57



APPENDIX D
NOAA-9 SCANNER OFFSET PLOTS
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APPENDIX E

NOAA-10 SCANNER OFFSET PLOTS
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APPENDIX F
ERBS NONSCANNER OFFSET CALIBRATION PLOTS
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APPENDIX G
" NOAA-9 NONSCANNER OFFSET CALIBRATION PLOTS
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The terms A, Ay, T A and Ty are defined in the List of Symbols. Note that A, and Ay are

always zero and, therefore, can be dropped from the count conversion equations.
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