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Abstract—The Advanced Microwave Scanning Radiometer for 

EOS (AMSR-E) was launched on May 4, 2002 aboard the 

NASA's Earth Observing System (EOS) Aqua Satellite. This new 

instrument measures the Earth’s radiation in two orthogonally 

polarized channels at 6 frequencies extending from 6.925 to 89.0 

GHz. Here we study the influence of variations of surface 

radiation on retrieval of cloud liquid water (CLW) and 

precipitable water vapor (PWV) using multifrequency polarized 

measurements of AMSR-E. Based on this preliminary 

investigation, a physical method to simultaneously retrieve CLW 

and PWV is proposed to build. 
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I. INTRODUCTION

Microwave radiometers aboard satellites have been used to 
measure a wide variety of atmospheric and surface parameters. 
Cloud liquid water (CLW) and precipitable water vapor (PWV) 
are important parameters among them. They are needed to 
understand the global hydrologic cycle and the Earth's radiative 
balance. During the last two decades a number of methods 
were derived to retrieve CLW and PWV, for example, over 
ocean by Greenwald et al. [1] and Wentz [2], over land by 
Combs et al. [3], over sea ice by Miao et al. [4]. 

Most methods of satellite remote sensing of CLW and 
PWV are restricted to open ocean because of the low surface 
forming a dark background, over which the atmosphere 
warming through absorption (emission) of PWV and CLW can 
be easily detected. However, there are still problems related to 
the surface roughness induced by the wind, surface 
temperature, extinction by rain and cloud ice particles. And 
most of  the algorithms were restricted to scenes free of rain; 
when rain was detected, the retrieval was discarded,  e.g., [5]. 

Over land surface and sea ice, the retrieval of CLW and 
PWV using microwave satellite data becomes much more 
difficult due to the high and highly variable surface emissivity.  
To solve this problem, one approach is to know the surface 
emissivity, e.g., [3], [6], the second approach is to use the 
polarization signal, e.g., [4]. Using the polarization differences 
at the two high frequency channels (i.e., 37 and 85 GHz) of the 
Special Sensor Microwave/Imager (SSM/I), cloud signature 
(mainly CLW) over sea ice covered Weddell Sea in the Austral 

summer was calculated [4]. With the method of Miao et al. [4], 
the atmospheric signal can be easily seperated from the surface 
signal and, more importantly, the surface signal and its 
variation can be strongly suppressed, especially in regions with 
low ice concentrations. But with this method, what can be 
detected is the cloud signature (mainly CLW), a linear 
combination of  CLW plus a small  influence of PWV.  

The goal of this paper is to investigate the influence of 
variations of the surface radiation on the retrieval of CLW and 
PWV. It provides a basis to select the most appropriate 
frequencies to extend the R-factor method [4], which was 
originally developed for SSM/I, to AMSR and AMSR-E. 
These nearly indentical sensors have the advantages over 
SSM/I of higher spatial resolution, and measuring at two 
polarizations at 23.8 GHz, which allows to simultaneously 
detect CLW and PWV from the data of these sensors. 

II. AMSR(-E) INSTRUMENTS

AMSR-E aboard the EOS AQUA platform and AMSR on 
ADEOS-II, both together here denoted as AMSR(-E), are 
conically scanning passive microwave radiometers sensing 
microwave radiation at 12 channels and 6 frequencies ranging 
from 6.9 to 89.0 GHz.  Horizontally and vertically polarized 
radiation are measured separately at each frequency. The 

scanning angle of 47.4˚ results in an Earth incidence angle of 

55.0˚.  The spatial resolutions of the 6 frequencies are from 
74 43×  km for 6.925 GHz channels to 6 4×  km for 89.0 GHz 

channels. AMSR has several additional channels in the range 
between 50 and 60 GHz. 

III. ANALYSIS OF SURFACE INFLUENCE

Miao et al. [4] gave the R-factor as  

    1 2 1 2 2 1 2 1( , ) ( , ) ( , ) ( ( , ) )s WLR f f R f f f f L f f Wβ α= + ⋅ + ⋅ ,    (1) 

where L  is the liquid water path, W is the integrated 

atmospheric water vapor content, 1 2( , )R f f  is defined as 
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( )vT f  and ( )hT f  are the vertically and horizontally polarized 
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brightness temperatures at frequency f , respectively. 

1 2( , )sR f f  is the surface signal 
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where vε  and hε  are vertical and horizontal surface emissivity. 

The parameters β  and WLα  are derived from the differences of 

liquid water ( Lκ∆ ) and water vapor mass absorption 

coefficients ( Wκ∆ ), respectively, at different frequency 

combinations. According to [4], the temperature dependency of 

Lκ∆  is weak. Wκ∆  is two orders of magnitude smaller than 

Lκ∆  at frequencies below 90 GHz. So Lκ∆  and Wκ∆  can be 

considered as constants. Consequently, β  and WLα  are also 

considered as constants. Then, based on (1), if 1 2( , )sR f f  is 

known, with measurements of R  at different frequency 
combinations, CLW and PWV can be derived. 

Based on the above analysis, using the R-factor to retrieve 
CLW and PWV, the key problem is the influence of variations 

of sR  on CLW and PWV. In order to check the influence of 

these variations, the two regions denoted in Fig. 1 are used for 
a statistical analysis under clear sky conditions. One region is 
over open ocean, the other is over sea ice. At clear sky, we 

assume that all variations of R  are caused by sR . The 

histograms of sR  for different frequency combinations are 

shown in Fig. 2 over ocean and in Fig. 3 over sea ice. All 

variations of sR  are converted to equivalent CLW and PWV. 

Gaussian fits are also done to investigate the standard 

deviations of CLW and PWV caused by the variations of sR .

Small standard deviations indicate low sensitivity to sR , which 

is desired in the retrieval of CLW and PWV. 

Over open ocean, for all frequency combinations 1 2( , )f f ,

the influence of variations of sR  on the equivalent CLW is 

small, especially for the combinations including 89 GHz. For 

the combinations (18,36)  and (23,89)  GHz, the influence of 

variations of sR  on PWV is larger than that of other 

combinations. Because cloud ice has large influence at 89 

GHz, the combinations (18,23)  and (23,36)  GHz seem to be 

the most appropriate to derive PWV and CLW.  

Over sea ice, for the frequency combinations (18,36) , 

(18,89) , (23,36)  and (23,89)  GHz, the influence of the 

variations of sR  on PWV is large. For the combination 

(36,85) , the influence of  variations of sR  on PWV and CLW 

is small, so the method similar to [4] which use (36,85)  to 

obtain CLW can be used. After obtaining CLW, (18,23)  can 

be used to derive PWV. 

IV. CONCLUSION

A study of the influences of variations of surface radiation 
on the retrieval of CLW and PWV using multifrequency 
polarized measurements of AMSR-E has been investigated. 
The results provide the criteria to select the most appropriate 
frequency combinations to extend the R-factor method [4] to 
AMSR(-E). The different frequency combinations to derive 
PWV and CLW using multifrequency polarized measurements 
of AMSR-E  proposed here are, 

• over open ocean: (18,23)  and (23,36)  GHz, 

• oversea ice: (36,85)  for CLW and for (18,23)  PWV. 
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Figure 1.  The regions considered in our study, region a over open ocean,

region b over sea ice.  
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Figure 2.  Under clear sky conditions, the equivalent CLW and PWV caused by the variations of SR  over open ocean, and PWVσ , CLWσ  [kg/m
2
] are standard

deviations of the Gaussian fits of equivalent PWV and CLW, respectively. Open ocean region is box a in Fig. 1. 

Figure 3.  Same as Fig. 2, but for over sea ice, and sea ice region is box b in Fig. 1. 
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