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INTRODUCTION INTERCALIBRATION 

The availability of data from the SSM/I and SSMIS radiometers extending from the 
launch of the first SSM/I, on board DMSP F8 through the 2011. 
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Key Results: 
 

•  Critical issues for creating consistent climate record include the following (note that the relative impact is roughly in the order listed). 
1.  Quality control 
2.  Accurate estimates of Earth incidence angle for each pixel 
3.  Intercalibration between sensors. 

•  Multiple intercalibration approaches are used to provide both insight into errors as well as confidence in results. 
•  Preliminary intercalibration differences are generally small between sensors. 

Current Status: 
 

•  A beta version of the entire SSM/I and SSMIS FCDR from F08, F10, F11, F13, F14, F15, F16, F17, and F18 is now complete and available. 
•  Scheduled delivery of all data and sofware to NCDC around the end of 2012. 
•  Additional information is available via our web site at http://rain.atmos.colostate.edu/FCDR 
•  For information about how to obtain the data contact Wesley Berg (berg@atmos.colostate.edu) 

 

QUALITY CONTROL AND DATA ISSUES 
Impact of EIA on Calibration 

FCDR Definition 

GEOLOCATION AND EARTH INCIDENCE ANGLE 

Changes in the spacecraft attitude also impact the Earth 
incidence angle, or view angle. This in turn impacts the 
intercalibration as well as the geophysical retrieval algorithms 
used to produce Thematic climate data records or TCDRs. The 
figure below shows the impact on intercalibration between 
sensors when using the nominal mean EIAs versus using the 
computed EIA assuming zero roll, pitch, and yaw values. While 
the impact is larger for the vertically-polarized channels, the 
impact is significant for all channels and does change as a 
function of the scene temperature. 

Calculating Roll, Pitch, and Yaw Offsets 

Time Series of Results for the SSM/I Sensors 

Change in Calibration Using Calculated EIA with zero roll/pitch/yaw vs. Nominal
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•  Fundamental CDRs (FCDRs) are sensor data 
(e.g. calibrated radiances, brightness 
temperatures, radar backscatter) that have 
been improved and quality-controlled over 
time, together with ancillary data used to 
calibrate them 

– The sensor data is physically consistent, 
but sensor dependent due to differences in 
frequencies, view angles, resolution, 
observation time etc. 

– Geophysical retrieval algorithms must take 
into account sensor differences to create 
TCDR. 

– Feedback from TCDR developers is critical 
to ensure best possible dataset for a wide 
variety of applications. 

1. Reformat SSMI/SSMIS TDR files into 
NetCDF “Base files”. These files contain 
all the original data and nothing is 
modified except to make orbit granules, 
add ephemeris and reformatted time, and 
reformat to NetCDF. 

2. Create a well documented software 
package (“Stewardship code”) that 
ingests the Base files, applies corrections 
(i.e QC, cross-track bias, TA-TB, 
geolocation, calibration) and outputs the 
final FCDR in NetCDF for use by the 
broader community. 

3. Expert users can be given access to the 
Base files and the “stewardship code”.  
This gives them access to the beta versions 
without confusing the general users. 

Basefiles  

FCDR files 

QC	  flags	  

Intercalibra1on	  

Geoloca1on	  

Ta	  to	  Tb	  

Cross	  track	  bias	  
correc1on	  

Stewardship 
Code 

Approach 
(from TDR to FCDR Files) 

Geolocation errors are due to a combination of errors in the 
spacecraft ephemeris and offsets in the pointing of the instruments 
due to both mount errors and spacecraft attitude. A technique to 
solve for offsets in the spacecraft attitude and instrument mounting 
involves separately gridding the ascending and descending scans 
and computing the difference. The above figure on the left shows the 
original difference map while the final result after applying optimal 
values of spacecraft roll, pitch, and yaw is shown on the right. 
Estimates of the roll offset were first calculated based on the slope 
of the mean Tb across the scan. A optimization technique which 
minimizes the root mean square error in the difference map was 
then used to solve for the pitch, and yaw. 

The figure in the top panel on the left shows the change in mean altitude for 
each of the SSM/I sensors over their lifetimes. The bottom panel shows the 
corresponding mean EIA, which varies primarily due to spacecraft altitude, but 
also due to changes in the spacecraft attitude as described above. The values 
for F10 show significantly more variability than the other sensors, which is due to 
its more eccentric orbit and the resulting wobble in the orbit. An error analysis 
indicates that long-term changes in the calculated EIA, however, are generally 
within 0.1 degrees. 

The figure on the left shows the 
calculated optimal roll, pitch, and 
yaw offsets for F13 for the life of the 
sensor. An 11-month data window is 
used to provide sufficient sampling 
and remove high frequency changes. 
The final results are smoothed using 
a spl ine technique. The f inal 
smoothed time series for all six SSM/
I sensors are shown in the figure on 
the right. Significant differences 
between sensors and changes over 
time highlight the importance of 
carefully calculating the EIA, which is 
strongly impacted by changes in the 
pitch and is also affected by roll near 
the edges of the scan.  

Changes in EIA Between Sensors and over Time 

1. Model Double Difference 
TBs were simulated from Merra and ERA-Interim reanalaysis profile 
data to match ocean only, cloud-free SSM/I pixels.  The model was 
then used as a transfer standard between satellites.  The plot shows 
the intercalibration between F13 and F15 as a function of TB based 
in this method for ERA-Interim and MERRA.  Since the data are not 
matched, errors in the model (e.g. diurnal cycle) can lead to large 
errors in simulated TBs that can propagate into the intercalibration 
estimates, as is the case for the 85GHz channels in the example. 

The only coincident overpasses of SSM/I satellites occur over 
the poles.  These overpasses were obtained within 30 minutes 
on a 1-degree equal area grid.  The standard RT model with the 
MERRA atmosphere was used to adjust for differences in  EIA. 

4. Polar Crossovers 

2. TMI Matchups 

3. Vicarious Calibration (Cold and Warm) 

Coincident overpasses between TRMM TMI and SSM/I were 
extracted over the tropical oceans in cloud free conditions.  
Sensor differences due to EIA and slight channel differences 
were estimated using three techniques: 
1.  Optimal Estimation (OE): estimate geophysical profile from 

TMI; simulate TBs from TMI and SSMI; use this to estimate 
sensor differences 

2.  MERRA: use model profile to simulate TBs from TMI and 
SSMI; use this to estimate sensor diffs 

3.  ECMWF: use ERA-I instead of MERRA 
All three implementations use the same Radiative Transfer (RT) 
model.  The plot below shows Observed-Simulated for F13 

This technique involves estimating the theoretical minimum temperature 
for each channel and then adjusting these for any EIA dependent 
differences. The same three techniques as were used to estimate 
differences between SSM/I and TMI were used for this approach (OE, 
Merra, ERA-I).  The adjustment was computed by simulating matching 
TBs for each SSM/I and estimating the minimum for the simulated data. 
Joint screening was then used to remove pixels with signifcant water 
vapor/cloud and the simulated TBs were used to adjust the observed 
TBs. A similar approach is used over the Amazon to estimate calibration 
differences radiometrically warm scenes.  

Satellite 19V 19H 22V 37V 37H 85/89V 85/89H 
F08 0.65 0.16 1.42 0.82 1.64 1.91 -0.52 
F10 0.05 0.16 1.27 -0.21 0.48 0.37 0.11 
F11 0.19 -0.16 0.15 0.67 0.36 -0.55 -1.22 
F13 0 0 0 0 0 0 0 
F14 0.34 -0.20 0.06 -0.20 0.00 0.45 0.35 
F15 0.29 -0.26 -0.13 0.24 0.00 0.26 0.09 
F16 0.67 -0.75 0.36 -2.04 -2.13 1.59 0.38 
F17 0.25 -0.95 -0.40 -2.39 -1.54 3.59 2.51 
F18 0.73 0.28 0.12 -1.38 -0.76 3.01 2.28 

Intercalibration Offsets (Beta Version) 

The results from the four methods were in remarkably good 
agreement and a simple mean offsets with no temperature 
dependence has been used initially.  The largest differences are 
between the 85 GHz SSM/I and 89 GHz SSMIS channels, which 
is not surprising given the frequency difference. 
 
Reference: Sapiano, M. R. P., W. K. Berg, D. S. McKague, and 
C. D. Kummerow, Toward an Intercalibrated Fundamental Climate 
Data Record of the SSM/I Sensors, Trans. Geosci. Rem. Sens., 
in press. 
 

Approach 

Intercalibration of the six SSM/I and three SSMIS sensors is required 
in order to remove potential for artificial change-points. Our goal is to 
provide a physically consistent record, so that differences due to 
local crossing time and Earth Incidence Angle (EIA) are not removed 
by the intercalibration - these are not calibration errors/biases and 
must be appropriately considered by subsequent algorithms and 
data users. Four different methods were used in order to better 
understand the errors of each technique: 
 

1.  Model double difference 
2.  TMI matchups 
3.  Vicarious calibration (Cold and Warm) 
4.  Polar crossovers 

Multiple realizations of each technique were also implemented in 
order to further test some of the assumptions and input data. 

Reference: Berg, W., M. R. P. Sapiano, J. Horsman, and C. Kummerow, 
Improved Geolocation and Earth Incidence Angle Information for a Fundamental 
Clmate Data Record of the SSM/I Sensors, Trans. Geosci. Rem. Sens., in 
press. 

Incorrect time tag (jday is off by 1 
day) 

A number of different quality control procedures were developed 
and implemented to remove erroneous data. While the issues were 
more frequent and severe with the early SSM/I sensors, issues 
remain with the currently operational SSMIS sensors, which must 
be identified and corrected or removed to produce a dataset 
suitable for climate analysis. The general QC procedures include 
the following. 
 
•  Duplicate scans removed from BASE files 

o  These occur more often in some locations (problem for 
climate) 

•  Several QC checks are applied in the stewardship code 
o  Non-physical Tb and lat/lon 
o  Climatology check 

Ø  Remove scans with 30% of pixels outside 3 sigma 
from climatology 

o  Geolocation check 
Ø  Compare original pixel lat/lon with calculated values; 

remove anomalies due to time tag issues 
o  Check for spikes in warm/cold load values 

!

!!

Erroneous spikes in the warm and cold load 
calibration data were identified and eliminated. Due 
to the averaging of the calibration data over 10 
scans done in the operational code, adjacent scans 
were also impacted. Reverting to count values, 
removing the spikes, and recomputing the Ta 
allowed for the recovery of this data   

Spikes in Warm/Cold Load Values 

F08 Issues 

A comparison with climatological mean and standard deviations 
is used to identify bad scans, moving average then used to 
identify series of bad scans indicative of problem 

•  F08 had a number of additional QC issues not detected by 
the regular QC routines 
o  Problems were known to interfere with geophysical 

retrievals 
o  Required special filters (applied only to F08) to 

remove these artifacts 
o  Result is very clean F08 record 

Ø  Removed ~1% of the F08 Tbs from FCDR 

Quality Control Procedures 

The top panel shows the percentage of duplicate scans for 1 
month of F16 TDR data. Note that most of the duplicate data is 
near the download sites. The bottom panel shows an error in 
the Tb due to a problem with the time tag being off by one day. 
This is detected by comparing the original pixel geolocation with 
calculated values based on the scan time. 


