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Abstract: 
Geostationary sub-millimeter atmospheric sounder based on interferometric technology is the 
newest field of microwave remote sensing. Equipped with a sub-millimeter atmospheric remote 
sensing instruments on the geostationary orbit meteorological satellite platform will increase the 
frequency of observations at the same time, improve the cloud detection capability. The current 
polar-orbiting meteorological satellite observation system ensures that only six hours of 
observation period, unable to typhoons and other fast-changing weather systems for real-time 
observation. Geostationary sub-millimeter sounder [1-3] has the characteristics of working 
all-weather, all-time, large coverage and real-time. The whole process of dynamic changes in the 
weather can be observed, providing high temporal resolution observation data for numerical 
weather prediction and immediate short-term forecasting. In the paper, the content will mainly 
include channel Selection and analysis of geostationary interferometric sub-millimeter sounder. 
Keywords: Atmospheric parameters, geostationary sub-millimeter sounder, interferometric 
technology, channel Selection 

1. Introduction 

Atmospheric parameters such as atmospheric temperature and humidity sounded by microwave 
radiometer are necessary to improve numerical weather prediction and climate change research. 
Geostationary sub-millimeter sounder [1-3] has the characteristics of working all-weather, all-time, 
large coverage and real-time. The whole process of dynamic changes in the weather can be 
observed, providing high temporal resolution observation data for numerical weather prediction 
and immediate short-term forecasting, even forecast can be realized in changing humidity field, 
thermal field, small and medium-scale disasters such as heavy rains and strong convective weather 
phenomenon, process development and disappearance. Geostationary microwave atmospheric 
sounder based on interferometric technology is the newest field of microwave remote sensing 
[4-5].  
The geostationary orbit meteorological satellite can cover the whole area of the disc, covering the 
eastern Pacific, the South China Sea, the Indian Ocean and other hot spots.  

 
Fig.1 geostationary orbit meteorological satellite observing region 

2. Datasets for simulation 

National Centers for Environmental Prediction (NCEP) Global Data Assimilation System (GDAS) 
is generated every 6 hours using a Medium Range Forecast model (MRF) and consists of the 
minimum set necessary to regenerate NCEP analysis fields, which is the basis of the simulation 
model.  
In this paper, the standard atmospheric profiles are used, which are shown in figure 2. Based on 
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these typical profiles, the gasous absorption coefficients from 0~1000GHz shown in figure3. 
Candidate frequencies for geostationary sub-millimeter sounder are list in table 1, which provides 
the sounding characteristics of oxygen and water vapor absorbing lines.  

 
Fig. 2 The standard atmospheric profiles 

Fig. 3 The gasous absorption coefficients from 0~1000GHz 
Table 1 Candidate frequencies for geostationary sub-millimeter sounder  

No. Frequency（GHz） characteristics Applications 
1 55-64 Oxygen  Temperature profiles 
2 118.75 Oxygen Temperature profiles 
3 150.0 window Surface information 
4 183.31 Water vapor Humidity profiles 
5 220.0 window Surface information 
6 380.19 Water vapor Humidity profiles 
7 424.76 Oxygen Temperature profiles 
8 556.93 Water vapor Humidity profiles 

3. Atmospheric temperature and humidity sounding principle 

Since atmospheric absorbing characteristics of water vapor and oxygen, using satellite-borne 
microwave radiometer to derive atmospheric temperature and humidity profiles is possible [6]. 
According to the principle above, when the radiometer operated at frequencies 50～1000GHz, the 
contribution of  surface background noise can be reduced to negligible magnitude, because the 
transmittance of the atmosphere at these frequencies is approximately equal to 0. 
Atmospheric opacity thickness with pressure integration can be expressed as: 
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Where ( )zα  is atmospheric at altitude z, 'z  is height from surface to satellite. 

For oxygen absorbing channels， ( )zτ  is basically due to the contribution of oxygen. 
Equation (1) can be expressed as the weighted integral of temperature:  
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Furthermore, water vapor weighing function can be expressed as: 
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Weighting function is the weight of atmospheric radiance at height z from surface to the height of 
the satellite. The plane parallel atmosphere was divided into N layers, the absorbing coefficient of 
atmospheric parameters was assumed uniform in each layer, and then attenuation contributions of 
entire atmosphere including the surface layer can be accumulated. Atmospheric absorbing 
coefficients in each channel can be calculated combining MPM93[7] and PWR04[8] model.  

4. Channel selection and analysis  

According to the atmospheric sounding theory and gasous absorption coefficients from 
0~1000GHz, the final frequencies are chosen to derive atmospheric temperature and humidity 
profiles for geostationary sub-millimeter sounder, which are list in figure 4 and table 2. 

 
Fig.4 weighting functions for candidate frequencies 

 
Table 2 Frequencies for geostationary sub-millimeter sounder 

Atmospheric temperature sounding Atmospheric humidity sounding 
Frequency
（GHz） 

bandwidth
（MHz） 

Frequency（GHz） 
bandwidt
h（MHz） 

Frequency（GHz） bandwidth（MHz） 

52.2~52.5 300 118.75±5.0 2000 183.31±7.0 2000 
53.15～53.4 250 118.75±3.0 1000 183.31±5.0 1000 

53.65～53.95 300 118.75±2.1 800 183.31±4.0 500 
54.3~54.5 250 118.75±1.5 400 183.31±2.0 1000 

54.75～54.95 200 118.75±1.1 400 183.31±1.0 500 
56.1～56.2 100 118.75±0.7 400   

  118.75±0.4 200 380.197±18.0 3000 
  424.763±4.0 2000 380.197±9.0 2000 
  424.763±1.5 600 380.197±4.0 900 
  424.763±1.0 400 380.197±1.5 500 
  424.763±0.6 200 380.197±0.4 200 



  424.763±0.3 100   
  424.763±0.15 60   
  424.763±0.07 20   
  424.763±0.03 10    

Compared to the relatively mature technology of 50 ~ 70GHz, adopting 118.75GHz and 
higher frequencies can avoid using large antenna and can further improve the spatial resolution. 
For antennas in the same size, the view pixels of 118.75GHz channels are approximately half of 
them compared to 60GHz channels. The analysis is made to determine the optimal combinations 
of frequency and bandwidth. The channels near 118.75GHz include more information about cloud 
and water vapor compared to 60GHz. 

5. Conclusions 

Geostationary sub-millimeter sounder has the characteristics of working all-weather, all-time, 
large coverage and real-time. The whole process of dynamic changes in the weather can be 
observed, providing high temporal resolution observation data for numerical weather prediction 
and immediate short-term forecasting. The paper discusses the channels selection, including 
analysis the frequency and bandwidth. Therefore, it will play an important role for design and 
developing the new generational geostationary microwave/sub-millimeter sounder. 
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