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ACRONYMS AND ABBREVIATIONS
Acronym or
Abbreviation

Meaning

CATBD

Climate Algorithm Theoretical Basis Document

CDR

Climate Data Record

NCDC

National Climatic Data Center

NOAA

National Oceanic and Atmospheres Administration

Ta

Antenna Temperature

Tb

Brightness Temperature
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1. Introduction
This document outlines the various corrections applied to the SSMIS to convert antenna
temperatures (Ta) to brightness temperature (Tb). As well as the actual Ta to Tb
conversion, corrections are applied for solar intrusions into the warm load, lunar
intrusions into the cold sky reflector, and corrections for the emissive antenna and
residual errors based on the position of the sun relative to the spacecraft. The Ta to Tb
conversion is based on the SSMIS Ground Processing Software (GPS) Revision 9
(GPSr9; July 2010) used by FNMOC that was kindly provided by Aerojet.
The Ta used are taken from the BASE files which are an orbitized reproduction of the
contents of the temperature data record (TDR) files with duplicate scans removed and
spacecraft position and velocity vectors added. The Ta in the TDR are based on
calibrated counts with minimal processing applied. One correction that is applied before
the TDR files are created by the GPSr9 is a Doppler correction for some of the sounding
channels (not to the 7 SSM/I equivalent channels). A Doppler correction is applied
onboard the spacecraft but the correction itself leads to a gain and/or bias in certain
channels. A correction is therefore applied in the GPSr9 to compensate for the
gain/bias caused by the Doppler correction.
The stewardship code converts Ta to Tb through a series of corrections and routines.
The Ta are first read from the BASE files and quality control procedures are applied.
Next, the cold calibration count is corrected for lunar intrusions and the Ta are adjusted
to remove solar intrusions. A sun-angle dependent correction is applied next to account
for emissive reflector and residual heating issues, followed by the scan non-uniformity
correction, before the Tb are computed.

2. Correction for Lunar Intrusions
The lunar intrusion into the cold sky reflector is corrected by identifying peaks in the cold
calibration counts and smoothing these peaks using fast Fourier transform (FFT)
smoothing. The gradient of the cold calibration counts between each scan is used to
identify peaks that might be due to a lunar intrusion event based on the magnitude and
width of the event. Once the lunar intrusion correction has been applied (if that
correction is applicable), the corrected cold calibration count is used to create a
corrected gain that includes both corrections. The corrected gain is used to correct Ta
as described in Section 3 for solar intrusions. Even if no solar intrusions are identified
or if that correction is switched off, the lunar correction is still applied. Figure 1 shows
the correction applied for lunar intrusion event for F16 and Figure 2 shows the number
of events per month for F16 and F17. The magnitude of the event in figure 1 is
relatively small (less than 0.5K) and these events appear to occur quite infrequently.
In order to be consistent with the GPSr9 code, the lunar correction is not applied after
revolution 6554 for F16 37H, which occurs during the pre-operational period and is
currently not part of the FCDR (hence, the solar and lunar intrusions are not applied to
F16 37H in the FCDR).
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Figure 1: Example of single day of ascending passes (January 1 , 2008) from F16 91 V channel
containing a correction for a lunar intrusion. Units are Kelvins.

	
  
Figure 2. Number of lunar intrusion occurrences identified by the FCDR code for F16 and F17 for each
month. Note that no events were detected for F18 up to the end of 2011.
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3. Correction for Solar Intrusions
The solar intrusions are corrected by calculating a corrected (FFT smoothed) gain that
is used during periods with solar intrusions (note that this gain includes the corrections
for lunar intrusions). A single channel is used to detect solar intrusions (91v for F16 and
F18; 91h for F17) and the gain for this channel is smoothed using the FFT method. A
solar intrusion is identified when peaks in the smoothed gain exceed set thresholds and
the gain is replaced during these times with a smoothed, interpolated gain (see Figure
3). Once the corrected gain has been calculated, it is applied using the following
Ta =

Cold Load - Avg Cold Load Ta × Raw Gain 1− ( Raw Gain Corrected Gain ) 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (1)	
  
+
+
Corrected Gain
Corrected Gain
Cold Load temp

Figure 3 shows an example of original and correction gain values over an orbit for the
91 GHz horizontally-polarized channel on F16. As seen in the top panel, there are three
intrusion events in this orbit, which are subsequently removed.

Figure 3: The impact of solar intrusions on the gain for the 91 GHz H-Pol channel on F16. The red curve
in the top and middle panels shows the original calculated gain values for an orbit. The fourier smoothed
gain values are shown by the blue lines in the middle and bottom panels, and the green line indicates the
threshold for identifying gain anomalies. The blue line in the top panel shows the final corrected gain.
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Figure 4. Example of single day of descending passes (January 1 , 2008) from F16 19V channel
containing a correction for a solar intrusion. Units are Kelvins.

Figure 4 shows an example of a solar intrusion event that persisted through the
descending passes for a whole day. The magnitude of this event was less than 0.7K,
but events can be far larger than this. Figure 5 shows histograms indicating the number
of events by mean value. The events corrected generally had a mean value less than
2K for F16 and 1K for F17, although larger values did occur. For F18, several
extremely large events were detected. It should be noted that these are mean values,
so the peak values of the intrusion could be substantially higher. Thus, this correction
should be considered as a fairly large and serious correction and its impact of climate
retrievals should be carefully scrutinized. Figure 6 shows the time series of solar
intrusions for F16, F17 and F18. It shows that solar intrusions were very common for
F16 with around 50 events per day (many were minor as shown in Figure 5. The
measures applied to F17 and F18 greatly ameliorated the problem and there were far
fewer events for those satellites.
While the intrusion corrections described above greatly reduces their impact on the
resulting Tb, imperfect corrections and/or the possibility of intrusion impacts below the
specified threshold as shown in Figure 3 remain a concern. This is one of the reasons
for the development of a subsequent calibration correction based on the position of the
sun as described in Section 5.
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Figure 5. Magnitude of solar intrusion events for F16, F17 and F18. The x-axis shows the maximum
value of the mean of the event y-axis shows the number of total occurrences. The figures on the right side
are the same as those on the left, but with the lower part of the y-axis magnified.

	
  
Figure 6. Number of solar intrusion occurrences identified by the FCDR code for F16, F17 and F18 for
each month.
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4. Correction for Emissive Antenna
The following description of the emissive antenna correction is provided as the code to
apply this correction is included as part of the SSMIS FCDR software package. For
version 1 of the FCDR data, however, this correction is not used, but instead has been
replaced by the sun-angle correction described in the next section. As a result, it is
useful to understand how this correction is applied.
The emissive antenna correction was based on the implementation used in the
ECMWF/UK Met Office/FNMOC SSMIS Universal Pre-processor code written by Dr
William Bell (UKMO/ECMWF) and Dr Steven Swadley (NRL) for operational ingestion of
the SSMIS data into Numerical Weather Prediction models. The correction is applied to
antenna temperatures and is calculated using an estimate of the emissivity of the
reflector to calculate a correction based on the temperature of the reflector. In the case
of F16, there was no thermistor attached to the reflector and so a lag relationship is
used to estimate the reflector temperature from the nearest thermistor, which was on
the antenna arm. The correction is then a function of the scene temperature

Ta (corrected)=

(Ta − εTrefl ) 	
  

	
  (2)	
  

1− ε

where ε is the emissivity of the reflector and Trefl is the reflector temperature. The
correction varies slightly from channel to channel, but typical correction values are in the
range of -0.5-1K for the 19, 22, 37 and 91GHz channels. Figure 7 shows such a
correction for a single day from F16.

	
  
th

Figure 7. Example of single day of descending passes (June 30 , 2008) from F16 19V channel emissive
antenna correction. Units are Kelvins.
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5. Correction Based on Sun Position
A number of issues related to the heating and/or position of the sun were found to
impact the observed SSMIS Tb on the original F16 spacecraft (Kunkee et al. 2008a,
Bell et al. 2008). These included both direct and indirect intrusions into the warm load
and an emissive reflector. As noted by Kunkee et al. (2008b), “recent laboratory
measurements of other SSMIS flight-unit reflectors have indicated the possibility of
extremely low surface electrical conductivities of F-16 (S/N 02) and F-17 (S/N 04)
reflectors (e.g., 0.14–0.23 MS/m for S/N 03 and 0.54–1.2 MS/m for S/N 05) compared
with pure aluminum (36 MS/m). Further analysis suggests that the low conductivities
may be due to excessive surface roughness in combination with insufficient VDA
thickness as the likely source of the large reflector emissivity. As part of the Cal/Val
team recommendations, procedures to measure the electrical conductivity and
emissivity of the reflectors are now part of the preflight readiness analysis for future
SSMIS instruments. The main reflector of the third SSMIS instrument (F-18) scheduled
for launch in mid-2008 has been replaced with a spare reflector having significantly
higher conductivity (17–18.5 MS/m).”
With regard to the issue of solar intrusions into the warm load, prior to the launch of F17
a fence was installed to eliminate direct solar intrusions into the warm load and the
temperature sensor on the reflector arm was relocated to the back of the reflector to
better characterize the impact of the emissive reflector (Bell et al. 2008). These changes
were also made to the SSMIS on board F18, however, in addition a change was made
to the reflective cover on the canister top to further reduce solar reflections into the
warm load, but subsequently causing the instrument to run hotter and changing the
characteristics of the calibration errors (Dave Kunkee, email communication).
As described in Section 3, anomalous jumps in the radiometer gain were identified and
removed using a fourier smoothing technique in the operational GPSr9 software. While
this correction was implemented in the FCDR code to minimize the effect of these
intrusions, it appears there may be residual biases associated with these intrusion
events in the Tb data. According to Bell et al. (2008) “Despite the progress made in
correcting the data, significant local biases remain in the data: leakage of intrusion
affected observations due to inadequacies in the intrusion map, in the region of
emergence from the Earth shadow, and an ascending/descending node bias”.
Using observed minus background residuals from data assimilation of the SSMIS Tb,
Kunkee et al. (2008b) and Bell et al. (2008) solved for the apparent emissivity of the
reflector for each of the channels. While Bell et al. (2008) found effective emissivities
close to zero for the SSM/I equivalent channels, they acknowledged larger uncertainties
due to greater errors in the background fields for these channels. A correction for the
emissive reflector was developed for the Universal Preprocessor (UPP) code used for
the data assimilation efforts. The emissivity values used in version 2 of the UPP code
are shown in Table 1. For the SSM/I equivalent channels they are largest at 91 GHz for
F17 with values of 4%, but only 0.5% for the lower frequency window channels.
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Channel

Freq/Pol

F16

F17

F18

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

50.3h
52.8h
53.6h
54.4h
55.5h
57.3rc
59.4rc
150h
183+6.6h
183+3h
183+1h
19.35h
19.35v
22.235v
37.0h
37.0v
91.655v
91.655h
63.3rc
60.8rc
60.8rc
60.8rc
60.8rc
60.8rc

1.0%
1.0%
1.0%
1.0%
1.0%
1.5%
1.5%
4.0%
4.0%
4.0%
4.0%
0.5%
0.5%
0.5%
0.5%
0.5%
2.0%
2.0%
1.5%
1.5%
1.5%
1.5%
1.5%
1.5%

2.0%
2.0%
2.0%
2.0%
2.0%
2.0%
2.0%
8.9%
8.9%
8.9%
8.9%
0.5%
0.5%
0.5%
0.5%
0.5%
4.0%
4.0%
2.0%
2.0%
2.0%
2.0%
2.0%
2.0%

0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.2%
0.2%
0.2%
0.2%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%
0.3%

Table 1: Reflector emissivity values in percent used in version 2 of the UPP software

Based on the intercalibration approach using double differences with TRMM TMI
described by Sapiano and Berg (2013), we attempted to independently solve for the
emissivity of the SSM/I equivalent channels. Figures 9-11 in Appendix D show the
variations in ΔTb based on the double differences with TMI. The panels on the left of
these figures show ΔTb as a function of both scene temperature and reflector
temperature for each channel while the figures on the right show the mean ΔTb values
versus the difference between the scene temperature and reflector temperature.
Equation 2 in Section 4 above can be rewritten to solve for the emissivity for each
channel as in Equation 3.

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

ε=

(TOBS − TS )
(TREFL − TOBS )

=

ΔTb
(3)
(TREFL − TOBS ) 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  

One can subsequently solve for the emissivity for each channel by computing the slope
of the line between ΔTb and (Trefl – Tobs) as shown in the right hand panels of Figures
9-11. The solid black line in these panels shows the linear least squares fit with the
value of the slope or emissivity given in the title for each panel. For F16 the 91 GHz
channels show a relatively linear relationship between ΔTb and (Trefl-Tobs), however,
this is not the case for the lower frequency channels. In addition, there is a substantial
difference in the slope between the 91v and 91h channels (1.6% and 2.2%
respectively). This is close to the value of 2% used in the UPP code (Table 1), however,
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it is unclear why there is a large polarization difference unless there is a preferred
orientation associated with defects in the reflector’s surface coating. The nonlinearity of
the relationship for the lower frequency channels also suggests that other factors are
influencing this relationship. Indeed, looking at the plots on the left side of Figure 9
shows a rather complicated relationship between ΔTb, Trefl, and Tobs. It is likely,
therefore, that residual errors from solar intrusions and possibly other heating-related
issues are also affecting the results. As a result, we determined that it is not reasonable
to independently solve for the reflector emission. While Figure 10 shows somewhat
more linear results, the difference between the 91v and 91h slopes is even larger (2.0%
vs. 4.0%). Figure 11 shows even worse results for F18 with negative slopes (i.e.
nonphysical emissivity values) and very nonlinear behavior. While the slope values for
F18 are smaller for the 91 GHz channels, which is consistent with the lower emissivity
values from the UPP code, intrusion and other heating effects appear to be even worse.
Figure 12 in Appendix D shows the mean and standard deviation of the reflector
temperature for F16, F17, and F18 as a function of the position of the sun relative to the
spacecraft direction of motion. The sun position is defined by the elevation and azimuth
angles. The resulting patterns show sharp gradients associated with the transition into
and out of the Earth’s shadow as well as complicated variations likely due to shadowing
by the solar panels or other parts of the spacecraft. These temperature variations are
very much specific to the satellite as are the range of sun elevation and azimuth angles
since the spacecrafts are in different orbits, which drift/decay over time. Since the
reflector temperature, and thus the impact of the reflector emissivity, is a function of the
sun angle as well as the impact of the solar intrusions on the warm load, we decided to
attempt to solve for Tb biases as a function of the sun elevation and azimuth angles
along with the scene temperature. Figure 13 in Appendix D shows the resulting ΔTb
values from TMI double differences as a function of sun elevation and azimuth angles
and scene temperature. This figure shows very coherent patterns with the largest
gradient corresponding to the transition into and out of the Earth’s shadow and Tb
differences > 5K for certain sensor/channels depending on the sun position. Figures 14
and 15 in Appendix D show similar results for F17 and F18. There are also large Tb
differences for these sensors although the patterns and the magnitude of the
differences are very much sensor and channel dependent. Figure 16 in Appendix D
shows the final correction tables for F16, which have been interpolated to fill in missing
sun elevation and azimuth angles that may be observed at a later date and smoothed to
avoid abrupt jumps. The ΔTb offsets in this table along with corresponding tables for
F17 and F18 are applied to the original Tb data within the sun-angle correction
subroutine of the FCDR processing software.
Figure 8 shows differences between the ΔTb values computed using the double
difference approach with TMI for ascending versus descending scans. The original Tb
differences are indicated by the dashed lines while the final results are shown by the
solid lines. Tables 2 and 3 give the mean differences between the ascending and
descending ΔTb values before and after the sun-angle correction described above.
Originally, several of the channels have differences greater than 1K between the
ascending and descending scan means and there is a great deal of variability between
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channels and between the sensors. After the sun-angle correction the differences are
reduced to effectively zero for F16 and F18, although some residual differences remain
for some of the F17 channels.

Figure 8: ΔTb values based on double differences with TMI as a function of scene temperature for
ascending (red) and descending (blue) scans. The original values are shown by the dashed lines, while
the final results after the application of the sun-angle correction are shown by the solid lines.
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Satellite

19v

19h

22v

37v

37h

91v

91h

F16

-0.53

-0.36

-0.57

-0.27

-1.11

-0.10

0.12

F17

-0.25

-0.36

-0.29

-0.37

-1.51

-0.85

-1.43

F18

-1.02

-0.79

-1.28

-0.79

-2.33

-1.07

-1.01

Table 2: Mean Tb differences for ascending minus descending scans

Satellite

19v

19h

22v

37v

37h

91v

91h

F16

-0.01

-0.04

-0.01

0.02

-0.03

-0.02

-0.01

F17

-0.01

-0.08

-0.02

-0.04

-0.24

-0.09

-0.12

F18

-0.01

-0.01

-0.01

-0.02

0.00

-0.03

-0.02

Table 3: Mean Tb differences for ascending minus descending scans after sun-angle correction.

6. Conversion from Ta to Tb
The SSMIS GPSr9 has two implementations available for the conversion of Ta to Tb.
The first technique consists of spillover and cross-polarization corrections that are
applied to every channel. The second is termed the “APC correction” and is applied
only to the 7 channels corresponding to the SSM/I channels. This “APC correction” is
actually a cross calibration of SSMIS Ta with SSM/I Tb. Complete details are not
available, but it appears that coincident overpasses between SSM/I and SSMIS over
several weeks were used to derive scale and offset coefficients, which are surface
dependent. It appears that F17 was calibrated to F14 and F18 was calibrated to F15
(based on their respective constants files). Presumably, F16 was calibrated to F14
although this is not stated in the constants file for F16. This correction was likely
developed to fulfill the requirement that Environmental Data Records could be produced
from SSMIS that would be consistent with those from SSM/I. As such, this correction
was not applied to the CSU FCDR.
The GPSr9 contains spillover corrections for all channels and the seven SSM/I channels
(19v, 19h, 22v, 37v, 37h, 91v and 91h) have additional corrections for cross
polarization. Also note that the polarization of channels 1-5 was inadvertently reversed
for F16, but were correctly assigned for F17 and F18. The spillover correction is
achieved by dividing the Ta by a channel dependent spillover correction factor. For the
19, 22, 37 and 91 GHz channels, the cross polarization correction is also applied. The
cross polarization correction is applied in a two-step process. First, the “feedhorn
polarization” correction is applied
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xV =

εc Ta V − ε s Ta H
εc − εs

ε Ta − ε Ta
xH = c H s V
εc − εs

	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (1)	
  

where εc and εs are the cosine and sine of the polarization rotation angles and TAV and
TAH are the antenna temperatures for the vertically and horizontally polarizations. Next,
xV and xH are used to obtain brightness temperatures
TbV =

α H (1− β H ) xV − αV βV xH
	
  
(1− βV − β H )αVα H

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (2)	
  

where βV is the cross polarization correction factor for the vertical polarization.
For the 22GHz channel, there is no horizontal polarization so a synthetic 22H is
calculated based on the 19GHz channels

Tb 22 H = c1 + c2 Tb19 H + c3Tb19V 	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (3)	
  

The brightness temperature for 22V is then calculated using

γ1 = εc (1− β22V ) + ε s β22V
γ 2 = εc β22V + ε s (1− β22V )
Tb 22V =

	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (4)	
  

Ta 22V α 22V − γ 2 Tb 22 H
γ1 + c4γ 2

where c1,…c4 are coefficients that differ for each sensor.
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Appendix A: Constants used in SSMIS GPSr9
The purpose of this appendix is to provide technical details on where the constants
required for corrections can be found in the GPSr9 code. Future updates of the FCDR
to include new SSMIS data will require new constants and it is assumed that these will
be obtained from updates to eth SSMIS Ground Processing Software from FNMOC.
This does not include coefficients required for the correction of the emissive antenna,
which were obtained from the UPP code developed jointly by NRL and the UK Met
Office/ECMWF (contacts: William BelL, UK Met Office; Steve Swadley, NRL).
There are a large number of constants that are required for the Ta to Tb conversion and
the solar/lunar intrusion correction. These constants are stored in the files
constantsX.dat, where X is the serial number of the sensor (the file to use is indicated in
the TDR as the “Constants file ID”; the numbers so far are: 2 for F13, 4 for F17, 3 for
F18). These constants have been reproduced in the stewardship code in the
“CorrCoefs_SSMIS_FXX.dat” files, with some values alternately stored in the
geolocation settings files for each satellite.
Several of the constants used in the correction of solar and lunar intrusions are
repeated in the GPSr9 constants files, with potentially different values being available
for each given range of revolution numbers. The intent of this was to allow for different
values based on revolution and flight software version number. In all, 20 constants
were found to be repeated, although 13 of these were simply duplicated, and these are
show in Table A1. As of the time of writing (based on SSMIS GPSr9), the constants
were not repeated for F18, they are repeated eight times for F16 and they are repeated
30 times for F17. The reasons for the repetitions are different and are addressed
below.
REVNUM

SPKAVG

FFTCMP

MRAMPU

CALAVG

SPKLIM

SCNORB

MRAMPD

FSWAVG

FLT_CH

MOONID

WINDOW

SPKFIX

FCMPID

MOONCH

MBOUND

SPKWRN

THRESH

MPKOFF

FFTMOO

Table 4: Keywords associated with variables that are repeated in the SSMIS GPSr9 constantsX.dat files.
Green indicates that that are simply duplicated. Red indicates those constants that have multiple values.

The repeated constants in “constants2.dat” apply to F16. There are two constants that
change and they are associated with keywords: FSWAVG, MOONID and MOONCH. These
constants appear to change based on observed behavior of the sensor. For revolutions
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0-109, the solar and lunar intrusions correction should be turned off due to erratic
startup behavior. For revolutions 6554-7390 and for all revolutions after 7817 Channel
15 was reported as being erratic so the lunar intrusion correction was switched off and it
was only minimally interpolated for the solar intrusion (the interpolation is so low, that
the solar intrusion was effectively switched off). The constants file has comments that
report nominal behavior for the calibration of F16 channel 15 between revolutions 73917816 and the usual averaging is applied. In addition, comments state that the
calibration for channel 18 exhibited erratic behavior after revolution 7817 and that the
lunar and solar intrusions would not be corrected. Despite this comment, the flags for
channel 18 remain on, and it is assumed that the comments are anomalous. The
parameter SPKLIM also changes for F16. For revolutions after 29175 these values are
higher which leads to greater smoothing of the warm and cold calibration counts used to
calculate the gain.
Changes for F17 relate mainly to the need for solar and lunar intrusions. These
corrections are effectively switched on and off multiple times, based on the whether or
not these corrections were deemed necessary. The solar intrusions for F17 were
greatly reduced through the addition of a fence that reduced the possible ways for solar
intrusions to occur. The remaining solar intrusions are can be predicted based on the
position relative the Sun, and so the correction is effectively switched off during times
when solar intrusions are known not to occur.
	
  

Appendix B: Code Structure for Solar and Lunar
Intrusions	
  
The solar and lunar intrusion corrections are applied in the same subroutine:
correct_ta_intrusions.c. The subroutine is invoked if either SOLA_FLAG or
LUNA_FLAG is set to one in the stewardship code, and takes the number of scans as
well as these two flags as input. The following notes describe the processing sequence
required to apply the solar and lunar intrusion corrections and are arranged according to
the subroutine structure. All subroutines are contained in the same file. The
subroutines intr_min_ge0 and intr_max_ge0 are used by
intr_calc_gain_correc and are not described. Subrouine intr_fft does the
fast Fourier transform sued for smoothing several time series.
correct_ta_intrusions

This is the main driver routine for correction. The following actions are performed:	
  
1. Nominal gain correction is set to unity (i.e. no correction)
2. Status flags are read form the basefiles (these are from the original TDR files)
using the subroutine intr_interpret_flags.
3. Several tests are carried out to establish whether processing should be carried
out. These are based on the status flags read from the TDR as well as some
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4.
5.
6.

7.
8.

9.

hard-coded checks to ensure consistency with the GPSr9 sumarized in Appendix
A.
The subroutine intr_smooth_cal is called to remove spikes from the col
calibration.
The subroutine intr_avg_cal is called to average the warm calibration count
to be consistent with that used to calibrate counts in the GPS.
If LUNA_FLAG is set to one in the stewardship code, the subroutine
intr_lunar_correc is called to correct the cold calibration count for lunar
intrusions.
The subroutine intr_calc_gain is called to calculate the raw (original) gain.
If SOLA_FLAG is set to one in the stewardship code, the subroutine
intr_calc_gain_correc is called to calculate the corrected gain that is used
to remove solar intrusions. If SOLA_FLAG is set to zero in the stewardship code,
the subroutine is not called and the nominal value set at the start of
correct_ta_intrusions is preserved.
The gain correction is applied to each channel.

	
  
intr_interpret_flags	
  

The purpose of this subroutine is to read interpret the processing flags stored in the
basefile that indicate the processing applied when the TDR was originally produced by
the GPS code at FNMOC. The flags are ingested by the stewardship code and stored
as integers. The first flag contains eight bit-flags denoting whether the following were
applied in the GPS: Warm Load Bias correction, Residual Doppler correction, Scan
Non-Uniformity correction, Cross-Pol/APC, Resampling, Calibration Re-averaging,
Moon Intrusion correction, Spike Removal correction. The second integer denotes the
Solar Intrusion correction type and the Imager Resampling mode. These flags are used
to decide the level of processing carried out to correct intrusions.
intr_smooth_cal

This subroutine removes spikes from raw warm and cold calibrations. This averaging
was applied in the GPSr9 to remove banding observed in the Ta. Smoothing is done by
channel and is only applied if the SpikeFix variable in the constants file is set to one.
The following procedures are applied:	
  
1. Calculate mean warm and cold calibration count values.
2. The running mean warm and cold calibration counts are calculated and missing
values in the running mean are interpolated. Missing values at the start or end of
the file are filled with the nearest value.
3. Spikes are removed if the running mean is larger than some value based on the
reference (defined by parameters form the constants file).
	
  
intr_avg_cal
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This subroutine applies smoothing to the warm and cold calibration counts values to
obtain the values used in the calibration of counts for the TDR. The following
procedures are applied:	
  
1. The number of samples required for averaging is calculated based on the flight
software averaging. The calibration is initially averaged on board by the flight
software and this averaging was not static. The averaging applied in this
subroutine is thus modified according to the averaging already applied on-board
to obtain a consistent averaging period. Further more, the flight software
averaging is not symmetric so that an offset for the averaging must also be
determined.
2. Smoothed values of the cold and warm calibration counts are calculated by
taking the moving average.
	
  
intr_lunar_correc

If LUNA_FLAG is set to one in the stewardship code, this subroutine identifies lunar
intrusion episodes in the cold calibration counts and applies a correction based on fast
Fourier transfer (FFT) smoothing. The following procedures are applied:	
  
1. Arrays are initialized for the FFT containing the original cold calibration counts.
These arrays must be twice as long a s the number of scans to accommodate
the real and imaginary parts of the FFT solution. In addition, the inputs data to
be smoothed are repeated three times to ensure a periodic solution is obtained.
2. The gradient of the cold calibration counts between each scan is calculated and
smoothed slightly.
3. Lunar intrusions are identified as peaks in the smoothed gradient for channels
specified in the constants file. Intrusions are identified if set tolerances for
magnitude and length (from constants file) of event are exceeded.
4. If a lunar intrusion is identified, the values during the event are filled in the FFT
variable initialized in step 1. The values on either side of the event are either
interpolated or interpolated.
5. Once all peaks have been found (if any exist), the FFT is applied to smooth the
extrapolated/interpolated cold calibration count. The harmonics at the ends are
removed and the inverse FFT is applied to obtain a smoothed,
extrapolated/interpolated cold calibration count.
	
  
intr_calc_gain

This subroutine calculates the raw and original gain used in the solar intrusions
correction. The following procedures are applied:	
  
1. The actual cold load temperature is calculated for each channel as the sum of
the cold load temperature and some assumed bias.
2. The three warm load temperatures are averaged and missing data filled.
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3. The “raw” gain is calculated form the actual cold/warm calibration counts as

Warm Load − Cold Load
WL temp − CL temp
4. The “original” gain is calculated in the same way, but the averaged cold and
warm calibration counts are used. This is equivalent to the gain that was used to
calibrate Ta contained in the TDR.
	
  
intr_calc_gain_correc

This subroutine identifies solar intrusions and calculates the smoothed gain by
smoothing the original gain using FFT smoothing during periods of solar intrusion. This
subroutine also contains the option to output the raw and corrected gain for use in other
applications (including the NRL/UKMO UPP code). The following procedures are
applied:	
  
1. Arrays are initialized for the FFT for several variables. As with the cold
calibration counts, these arrays must be twice as long as the number of scans to
accommodate the real and imaginary parts of the FFT solution as must be
padded at the start and end to calculate a periodic solution.
2. A single channel is used to detect solar intrusions (91V for F16 and F18; 91H for
F17). The gain for this channel is smoothed using FFT smoothing.
3. The first derivative of the gain in the frequency domain is also calculated and
converted to the time domain (this is a computationally easy way of calculating
the derivative in time).
4. FFT smoothing is used to smooth the gain for all channels.
5. Maxima and minima in the FFT 1st derivative are used to identify areas with
potential peaks in the gain and the maximum/minimum gains between these
points are found.
6. Peaks are identified based on their width and height based on thresholds in the
constants file.
7. If a solar intrusion is identified, the original gain replaced by the smoothed gain
over that region.
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Appendix C: Other Corrections	
  
The emissive antenna correction is applied by the correct_emissive_antenna.c
subroutine if the EMIS_FLAG is set to one in the stewardship code. Currently this
correction is turned off. The subroutine takes the number of scans as the only input.
There are two implementations of the Ta to Tb corrections available in the stewardship
code and the code for each is contained in the file compute_tb.c. The Ta to Tb
correction applied for the FCDR is the spillover and cross-polarization correction which
is applied if TASX_FLAG is set to one in the stewardship code and applied by running
the compute_tb_sx.c subroutine that takes the number of scans as the input. The
second correction is the surface dependent “APC correction” used by FNMOC that is
not applied to the FCDR. This can be applied by setting TAPC_FLAG to one in the
stewardship code and is applied by running the compute_tb_apc.c subroutine that
takes the number of scans as the input. It is recommended that this correction not be
used, but it is provided in the case that consistency with the FNMOC Sensor Data
Records is required.

Appendix D: Additional Sun-Angle Correction Figures
The following figures show variations in ΔTb for each of the SSMIS sensors, computed
based on double differences with TRMM TMI, with various parameters including Tobs,
Trefl, and the sun elevation and azimuth angles.
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Figure 9: Delta Tb (ΔTb) values for F16 based on double differences with TMI. The figure on the left shows variations in ΔTb as a function of the
reflector temperature (Trefl) and the scene temperature (Tobs) for each of the SSM/I equivalent channels. The figure on the right shows the mean
dtb values as a function of the differences between Trefl and Tobs. The black line shows the linear least squares best fit, with the slope given in
the caption for each panel.
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Figure 10: Delta Tb (ΔTb) values for F17 based on double differences with TMI. The figure on the left shows variations in ΔTb as a function of the
reflector temperature (Trefl) and the scene temperature (Tobs) for each of the SSM/I equivalent channels. The figure on the right shows the mean
dtb values as a function of the differences between Trefl and Tobs. The black line shows the linear least squares best fit, with the slope given in
the caption for each panel.
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Figure 11: Delta Tb (ΔTb) values for F18 based on double differences with TMI. The figure on the left shows variations in ΔTb as a function of the
reflector temperature (Trefl) and the scene temperature (Tobs) for each of the SSM/I equivalent channels. The figure on the right shows the mean
dtb values as a function of the differences between Trefl and Tobs. The black line shows the linear least squares best fit, with the slope given in
the caption for each panel.
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Figure 12: Mean and standard deviation of the reflector temperature for F16, F17, and F18 as a function of sun elevation and azimuth angles.
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Figure 13: F16 Delta Tb (ΔTb) values for the seven SSM/I equivalent channels as a function of sun elevation angle (x-axis), sun azimuth angle (yaxis), and scene temperature (top to bottom).
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Figure 14: F17 Delta Tb (ΔTb) values for the seven SSM/I equivalent channels as a function of sun elevation angle (x-axis), sun azimuth angle (yaxis), and scene temperature (top to bottom).
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Figure 15: F16 Delta Tb (ΔTb) values for the seven SSM/I equivalent channels as a function of sun elevation angle (x-axis), sun azimuth angle (yaxis), and scene temperature (top to bottom).
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Figure 16: Interpolated ΔTb values for F16 to fill in gaps for insufficiently populated sun elevation/azimuth/temperature bins. Smoothing is also
applied to avoid large jumps between angle/temperature bins.
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