
0 

-20 

-40 

-60 

-80 

-100 

-120 

 

0 

-20 

-40 

-60 

-80 

-100 

-120 

Evaluation of Imbalanced Spectral Response Functions (SRFs)  
on Brightness Temperature Simulations for ATMS Water Vapor Channels 

Lin Lin1, Hu (Tiger) Yang1, and Quanhua Liu2 

 1 ESSIC, CICS-MD, College Park,  Maryland, U.S.A.  
2 NOAA/NESDIS/Center for Satellite Application and Research, College Park,  Maryland, U.S.A.  

 Summary 
• Both magnitude and shape of imbalanced SRFs are critical for brightness temperature simulations of water vapor channels  
• It’s suggested a necessity of providing the actual SRFs from all bands carefully measured by the instrument vendor to NWP users to build 

an accurate fast RTM for satellite data assimilation in NWP models 
• Antenna efficiencies are required for ATMS TDR to SDR conversion 
• G-band antenna beam efficiencies of J1 ATMS are much higher than those of S-NPP ATMS 
• Detailed antenna pattern measurements are needed for the data assimilation when the spatial resolution of NWP model is higher than FOV   

Effects of Spectral Response Function (SRF) on 
Characterization of ATMS Bias 

Ch20 Ch18 Ch19 Ch21 Ch22 

• ATMS G-band channels 18-22 are located on a strong H2O 
absorption line centered at 183 GHz frequency 
 
 
 
 
 
 
 
 
 
 

• JPSS-1 ATMS SRFs for channels 18 to 22 are provided by 
vendor in July, 2016 

• Even though this dataset is outdated now, it’s still of great 
value to evaluate the imbalance shown in the side-band 
channels 18-22 on brightness temperature simulations 

•  The dataset includes the flight mode (FM) filter digitized 
SRF data at base-plate temperature of 20oC and at primary 
local oscillator (LO) bias levels of G-band channels, which 
are used in the present study 

• With the measured SRFs, the average gain difference 
between the lower- and higher-sideband, which is called as 
“imbalance” for each channel can be assessed 

• To save computational time, the SRF is truncated at -20 dB 
to keep the 99% of the maximum SRF for each band of each 
channel 
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Weighting Function Transmittance at 500 hPa 

J1 ATMS G-Band SRFs (outdated) 

Strong SRF imbalances for 
ATMS channels 18-20 

Channel 19 (183.31± 4.5 GHz) 

  

Channel 18 (183.31± 7 GHz) 

Channel 21 (183.31± 1.8 GHz) 

  

Channel 20 (183.31± 3 GHz) 

Calculation of SRF Imbalance 

1.484  
-3.053 

Truncate the SRF at -20 dB 

Original lab-measured SRF 

Compute the imbalance (unit: dB) 

 f1         f2                                          f3     f4 

 

      

Original lab SRF 

Imbalance =1.484-(-3.053)= 4.537 

Truncated SRF 

SRF Imbalance 

Compute average gain at each side band 

G-Band Channels SRF Imbalance 
18 19 20 21 22 

4.537 1.997 2.419 -0.482 0.205 

Channel 18 

EXP IV 
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Four Scenarios for Removing SRF Imbalances 
Truncated SRF 
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Sensitivity of TB to SRF Imbalances 

Ch21 Ch19 Ch18 Ch20 Ch22 

SRF Imbalance (dB)                                                                                SRF Imbalance (dB) 

SRF Imbalance (dB)                                                                                SRF Imbalance (dB) 

Channels 1-17: BT difference between using boxcar (ATBD) and measured SRF 
Channels 18-22: BT difference between using boxcar (ATBD) and boxcar (calibration book) 

Comparison of BT Simulations Between 
Boxcar and Measured SRFs for JPSS-1 

Channel 6 
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Comparison of Antenna Patterns Between  
S-NPP and JPSS-1   
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JPSS-1 S-NPP 

            K-Band (23.8 GHz)                                     Ka-Band (31.4 GHz)                                  V-Band (50.3 GHz)  

          V-Band (57.29 GHz)                                       W-Band (88.2 GHz)                                      G-Band (165.5 GHz)  

Comparison of Main Beam Efficiencies 
Between S-NPP and JPSS-1   

ATMS  
Channel 

𝜂𝑚𝑚
𝑝𝑝  𝜂𝑚𝑚

𝑝𝑝  ATMS 
Channel 

𝜂𝑚𝑚
𝑝𝑝  𝜂𝑚𝑚

𝑝𝑝  
S-NPP JPSS-1 S-NPP JPSS-1 S-NPP JPSS-1 S-NPP JPSS-1 

1 0.9584 0.9598 0.0073 0.0086 12 0.9766 0.9756 0.0091 0.0079 
2 0.9699 0.9702 0.0066 0.0064 13 0.9766 0.9756 0.0091 0.0079 
3 0.9661 0.9631 0.0107 0.0102 14 0.9766 0.9756 0.0091 0.0079 
4 0.9668 0.9684 0.0097 0.0097 15 0.9766 0.9756 0.0091 0.0079 
5 0.9669 0.9714 0.0094 0.0101 16 0.9457 0.9597 0.0435 0.0365 
6 0.9685 0.9729 0.0097 0.0092 17 0.8768 0.9394 0.0338 0.0395 
7 0.9654 0.9690 0.0086 0.0090 18 0.8933 0.9389 0.0363 0.0340 
8 0.9703 0.9724 0.0091 0.0087 19 0.8933 0.9389 0.0363 0.0340 
9 0.9673 0.9714 0.0088 0.0086 20 0.8973 0.9360 0.0219 0.0318 

10 0.9766 0.9756 0.0091 0.0079 21 0.8973 0.9360 0.0219 0.0318 
11 0.9766 0.9756 0.0091 0.0079 22 0.8973 0.9360 0.0219 0.0318 

J1 ATMS antenna has higher main beam efficiency in G-band 
channels compared to that of S-NPP ATMS, leading to better 

calibration accuracy for J1 ATMS G-band channels 

Introduction 
Since 2012, the Advanced Technology Microwave Sounder (ATMS) data have been routinely assimilated into the global and regional forecast models at the world major numerical weather 
prediction (NWP) centers. The impacts from the ATMS data assimilation on global and regional forecasts are largely. As Joint Polar Satellite SysteM-1 (JPSS-1) will be launched soon in 
November 2017, it’s necessary to estimate the impacts of both spectral response functions (SRFs) and antenna pattern on ATMS bias characterization, which is import for the data assimilation in 
NWP models. Previously, the accurate line-by-line Monochromatic Radiative Transfer Model (MonoRTM) is used to quantify the difference of simulated brightness temperature between boxcar 
SRFs and measured SRFs for S-NPP ATMS upper level temperature sounding channels 5-13. It is found that the difference has a magnitude of 0.3 K. In this study, JPSS-1 lab-measured SRFs 
and antenna patterns are investigated.   

Channel 22 (183.31± 1 GHz) 

• The difference of simulated brightness temperature increases as the imbalances increase 
• The sensitivity to SRF imbalance decreases as the channel number increases 
• The shape of imbalanced SRF can affect the sensitivity as well 

• Channel 6 shows the largest difference with the magnitude of ~0.3 K 
• BT differences for other channels are within 0.13 K 
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	Calculation of SRF Imbalance

