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SUBJECT:
Apparent cold bias in the GOES-13 Imager band 6 (13.3 (m)

There appears to be a cold bias on the order of -2 K in the GOES-13 Imager band 6 (13.3 micrometer). This is even larger than the cold bias in corresponding GOES-12 Imager band 6. These statements are supported via comparisons with high-spectral Atmospheric InfraRed Sounder (AIRS) data, comparisons with broad-band High-resolution Infrared Radiation Sounder (HIRS) data on NOAA-15 and NOAA-16 and a limited number of forward model comparisons. The bias is consistent with a spectral response shift on the order of approximately 4 cm-1.

Spectral Response Functions

Band 6 of the imager is on the edge of an atmospheric absorption feature.
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The four GOES-13 Imager infrared band spectral response functions super-imposed over the calculated high-resolution earth-emitted US Standard Atmosphere spectrum.  Absorption due to carbon dioxide (CO2), water vapor (H2O), and other gases are evident in the high-spectral resolution earth-emitted spectrum.
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The GOES-13 Imager 13.3-micrometer (band 6) spectral response function super-imposed over the calculated high-resolution earth-emitted US Standard Atmosphere spectrum.  Absorption due to carbon dioxide (CO2), water vapor (H2O), and other gases are evident in the high-spectral resolution earth-emitted spectrum.

Imager-to-Polar-Orbiter Comparisons

AIRS and GOES-13

Data were collected during the GOES-13 checkout period near the sub-satellite point from the high spectral resolution Atmospheric InfraRed Sounder (AIRS), polar-orbiting on NASA’s Aqua satellite.  GOES-13 Imager data were collected within 30 minutes of polar-orbiter overpass time at the GOES nadir.  During the checkout period there were 19 comparisons between GOES-13 and AIRS.  The methodology used was identical to that outlined in prior conference reports (Gunshor et al. 2006).  The methodology does not incorporate any forward model calculations, surface emissivity assumptions, etc. Basically, the high-spectral AIRS radiance data (with any spectral gaps filled in) are convolved with the broad-band spectral response functions. The results are presented in Table 1.  The mean brightness temperature difference for these comparisons show that the infrared bands on GOES-13 are well calibrated based on the accuracy of AIRS measurements and that it compares favorably with similar results to operational GOES-12 and GOES-11.  The exception is the 13.3 (m band.  The large Imager band 6 bias results, combined with similar results for GOES-12, indicate that there is a significant cold bias in the 13.3 (m bands on these instruments, greater than 1K (Gunshor et al. 2006).  This issue needs further investigation. It can be seen that the mean difference for the other infrared bands are much smaller (approximately 2K smaller) than that of the 13.3 (m band. This confirms that the data are well co-located in space and time. 
Table 1: Comparison of GOES-13 Imager to Atmospheric InfraRed Sounder (AIRS).  The sample size is 19.

	Imager Band
	Bias (K)
	Standard Deviation of Differences (K)

	2 (3.9 (m)
	0.2
	0.6

	3 (6.5 (m)
	-0.4
	0.3

	4 (10.7 (m)
	-0.1
	0.4

	6 (13.3 (m)
	-2.4
	0.6


AIRS and GOES-12 (and MET-8)

The following statistics show that GOES-12 has a bias as well (compared to AIRS and HIRS), while the MET-8 bias is much smaller. The overall sample size is larger for GOES-12 and MET-8 comparisons, than the GOES-13, since GOES-13 data was available for a shorter time. 

Number of cases for dTairs for each satellite
----------------------------------------------------------
# of cases (GOES-12) = 52
# of cases (MET-8)    = 68

Means for dT (delta Temperature) for each satellite
----------------------------------------------------------
dT GOES-12 - AIRS = -1.43
dT MET-8   - AIRS    = 0.65


Standard deviations for dT for each satellite
----------------------------------------------------------
STD dT (GOES-12) = 0.51
STD dT (MET-8)     = 0.12

HIRS on NOAA-16

While comparing to other broad-band measurements cannot suggest which one is correct, the comparisons are still informative. 

Number of cases for each satellite
----------------------------------------------------------
# of cases (GOES-12) = 217
# of cases (MET-8)     = 105

Means for each satellite
----------------------------------------------------------
dT GOES-12 - NOAA-16 HIRS  = -2.2
dT MET-8   - NOAA-16 HIRS    = 0.21


Standard deviations for dTh and dTa for each satellite
----------------------------------------------------------
STD dTh (GOES-12) = 1.16
STD dTh (MET-8)     = 0.74

SST and Satellite derived Winds
In addition, an independent analysis on the GOES-13 Sea Surface Temperature (SST) product suggests a bias in the 13.3 um band brightness temperatures. Also, when a fixed bias correction was applied in the GOES-13 satellite derived winds processing, the overall speed bias was improved (compared to co-located radiosondes). 
Comparisons to NWP

A limited amount of GOES-12 Imager band 6 to NCEP’s global model have been done. A mean bias of -1.7K was found. This is consistent with the comparisons to AIRS. This value is currently used as the bias correction in the operational GOES-12 Imager Cloud-Top Pressure product. 
To date, GOES-13 Imager band 6 has not been compared to NWP. Yet, several days were generated for the GOES Imager Clear-Sky Brightness Temperature (CSBT) product and made available to the global NWP community.  

Shifting the SRF

The GOES-13 Imager cold bias in the 13.3(m band is consistent with a spectral response shift on the order of approximately 4.7 cm-1. A shift on this order of magnitude is thought to be within the range of the knowledge of the supplied SRF. More work remains to quantify the needed shift and consider the next steps.
A preliminary analysis of the 13.3(m band showed that for the 19 cases that comprise the results in Table 1, a spectral shift of -4.7 cm-1 would yield optimal results.  [This means shifting the spectral response to smaller wavenumbers.] By shifting the spectral response this amount, the bias, or mean brightness temperature difference for all 19 cases, becomes 0.01K with a standard deviation of 0.7K. 
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GOES-13 Imager band 6 (13.3 um) spectral response function (blue) and the shifted spectral response function (green) (approximately 13.4 um). 
