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ABSTRACT: Estimation of the land surface emissivity is crucial to evaluate the boundary conditions of 
atmospheric modeling data assimilation. Brightness temperatures observed by satellite passive microwave 
radiometer give information on emission forma raindrops and scattering by frozen particles. By applying 
radiative transfer model of the atmosphere, we can estimate the atmospheric hydrological process (i. e., rainfall, 
snowfall, water vapor, cloud water, etc.). However it is difficult to estimate microwave land surface emissivity 
at higher frequencies over land. Because land use, land cover and surface wetness over land are various and 
heterogeneous by comparing with over ocean. Therefore, we aim to estimate the microwave land surface 
emissivity over East Asia by using observed data and numerical models.  
Firstly, we investigate the characteristics of land surface emissivity derived from SSM/I, AMSR-E and 

AMSR2 over Asia and the relationship between land surface emissivity and land hydrological variables based 
on satellite data sets and numerical models. Secondary, we estimate the land surface emissivity by applying 
the Community Microwave Emission Model (CMEM) and Community Radiative Transfer Model (CRTM). 
Simulation results shows the estimated LSE is overestimated and its variability is large by comparing the 

observed data.  
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1. INTRODUCTION 
 

Microwave land surface emissivity at higher 
frequencies is crucial for cloud data assimilation for 
heavy rainfall. Cloud data assimilation has great 
potential to improve the prediction of heavy rainfall 
area because it can directly obtain information on 
locations of rain systems. Clouds can be observed 
globally by satellite-based microwave remote 
sensing. Therefore, satellite-based microwave 
remote sensing has Retrievals of land surface 
emissivity (LES) are challenging due to the high 
variability of emissivity and its sensitivity to land 
surface hydrological parameters [1], [2], [3]. 
Passive microwave remote sensing such as AMSR-
E and AMSR2 has the advantages of considerably 
high revisit time and having multiple channels that 
are sensitive to different atmospheric variables and 
surface properties [4], [5], [6]. 

The objectives of our study are to investigate the 
temporal and spatial variability of LSE over East 
Asia, to reveal the relationship between LES at low 
frequency (6.9GHz and 10.7GHz) and high 
frequency (36.5GHz and 89.0GHz) by exploring 
the AMSR-E Monthly Global Microwave LSE 
dataset obtained from National Snow and Ice Data 
Center (NSIDC) and to estimate the LES at 
Mongolia observation sites from 2002 to 2008 by 
applying the Community Microwave Emission 

Model (CMEM) and Community Radiative 
Transfer Model (CRTM).  

CMEM is developed by ECMWF for low 
frequency passive microwave brightness 
temperatures from 1 GHz to 20 GHz of the surface.  

To estimate LES at higher frequencies by 
applying CMEM, we should clarify the relationship 
of LES between low and high frequency using 
NSIDC LES data set. On the other hand, CRTM 
with the land microwave emissivity component is 
used in a wide frequency range from 1 GHz to 100 
GHz. Microwave LES at higher frequency is 
directly estimated by applying CRTM. 

 
2. RESULTS  
 

Microwave land surface emissivity strongly 
depends on the land surface condition (i. e., land use, 
land cover, vegetation type, surface wetness, 
surface roughness, etc.). Therefore, we investigate 
the relationship between land surface emissivity 
and land use by using satellite observation date.  

All of the seven channels with vertical and 
horizontal polarizations of AMSR-E/Aqua Global 
Monthly LSE at 0.25° latitude/longitude for the 
study period from July 2002 to June 2008 were 
obtained from data providing service at NSIDC. 
Our target areas are Mongolian Plateau and Japan. 
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2.1 Characteristics of Microwave Land Surface 
Emissivity over East Asia 
 
2.1.1 Mongolian Plateau 

Firstly, Mongolian Plateau area is shown in Fig. 
1a. These figures also show the classification of 
land cover by using the dataset of USGS (Unite 
States Geological Survey) Global Land Cover 
Characterization (GLCC) Version 2.0. Table 1 
shows the category of GLCC value. 

Fig. 1b shows the relative frequency of land 
cover in the histogram. Glassland, shrub land and 
Barren or Sparesly vegetated are mainly covered 
with our target area. The characteristics of land 
cover in our area is less vegetated condition. 

 
Table 1 Category of GLCC version 2.0 
 

 
 
2.1.2 Japan 

Secondary, Japan area is shown in Fig. 2a. 
These figures also show the classification of land 

cover by using the dataset of USGS (Unite States 
Geological Survey) Global Land Cover 
Characterization Version 2.0. Fig.2 shows the 
relative frequency of land cover in the histogram. 
Forest is mainly covered with our target area. The 
characteristics of land cover in our area is more 
vegetated condition.  

 

 
 

 
 

Fig. 1 a) Land cover classes and b) the relative 
frequency of land cover over Mongolian Plateau. 
 

 
 
Fig. 2 Relative frequency of land cover classes over 
Japan.  
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As compared with Mongolian Plateau, Japan 
area is covered with forest more than 90% as show 
in Fig. 4.  

 
 
2.2 Relationship between LES at Low Frequency 
and High Frequency 
 
2.2.1 Mongolian Plateau 

Fig. 3a presents the comparison between land 
surface emissivity at low frequencies (6.9GHz and 
10.7GHz) and other high frequencies in July 2002 
at grassland area. It represents the relationship 
between land surface emissivity and land 
hydrological variables (land type, land use, 
vegetation and soil moisture) in summer. The LSE 
at 6.9GHz with horizontal polarization is related 
with at higher frequencies.  

However, variation is large in the relationship 
between LSE at 6.9GHz and at 89.0GHz with 
horizontal polarization. 

 

 
 
Fig. 3a Relationship between LES at 6.9 GHz and 

LES at higher frequency with horizontal (H) and 
vertical (V) polarization over grassland area in 
July 2002 shown in Fig. 1a. 

 
 

Fig. 3b shows the comparison between LSE at 
low and high frequencies at bare soil area. By 
comparing Fig. 3a, we found that liner relationship 
between LES at 6.9 GHz and LES at higher 

frequency with both polarization is clear. Therefore, 
these figures imply that microwave LSE at high 
frequency, 89.0GHz can be estimated by using 
microwave low-frequency LES in summer. 
 

 

 
 
Fig. 3b Relationship between LES at 6.9 GHz and   
LES at higher frequency with horizontal (H) and 
vertical (V) polarization over bare soil area in July 
2002 shown in Fig. 1a. 

 
 
2.2.2 Seasonal change of LES relationship in 
Mongolian Plateau 

 
Fig.4 shows the seasonal change of the 

relationship between low-frequencies and high 
frequency LES over barren or sparsely vegetated 
area. It is found that correlation coefficient in 
summer (from July to September) is higher 
compared with one in winter. The correlation 
coefficient is more than 0.8 and the slope of the 
linear regression line in Fig.4a is from 0.52 to 0.64 
from July to September. This figure shows that high 
frequency LES can be estimated by using low 
frequency LES. 

On the other hands, the correlation coefficient is 
low from October to February. This means surface 
ground temperature decreases less than 0 degree 
Celsius from fall to winter and surface ground is 
frozen in winter. 
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Fig. 4a Seasonal change of relationship between 
LES at 6.9GHz and LES at 89.0GHz with 
horizontal polarization from July 2002 to October 
2002 at bare soil area shown in Fig. 1a. 

 

 
 
Fig. 4b Seasonal change of relationship between 

LES at 6.9GHz and LES at 89.0GHz with 
horizontal polarization from November 2002 to 
February 2003 at bare soil area shown in Fig. 1a. 
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Fig. 5a Relationship between LES at 6.9 GHz and 
LES at higher frequency with horizontal (H) and 
vertical (V) polarization over Japan.in July 2002. 

 
 
2.2.3 Japan 

Fig. 5 presents the comparison between land 
surface emissivity at low frequencies (6.9GHz and 
10.7GHz) and other high frequencies in July 2002 
in Japan as shown in Fig.2a. 

However, variation is large in the relationship 
between LSE at 6.9GHz and at 89.0GHz with 
horizontal and vertical polarization in July 2002. 
Because Japan area has diverse land cover and is 
mainly covered with mixed forest, LSE at 6.9GHz 
is not correct. 

This figure shows that high frequency LES 
cannot be estimated by using low frequency LES. 
 
 
3. ESTIMATION OF LAND SURFACE 
EMISSIVITY 
 

The Community Microwave Emission Model, 
CMEM comprises the physics and 
parameterizations used in the Land Surface 
Microwave Emission Model (LSMEM) [7] and the 
L-Band Microwave Emission of the Biosphere (L-
MEB) [8], [9].  

 
 
Fig. 5b Relationship between LES at 10.7 GHz and 
LES at higher frequency with horizontal (H) and 
vertical (V) polarization over Japan.in July 2002. 

 
 
3.1 Community Microwave Emission Model 
(CMEM) 

 
CMEM was developed by the ECMWF for 

numerical weather prediction applications and is 
used to simulate passive microwave brightness 
temperatures of the surface at low frequencies (from 
1 GHz to 20 GHz) [10], [11], [12]. For polarization 
(p), the brightness temperatures over snow-free 
areas at the top of the atmosphere (TOA) TBtoa,p, 
which result from the contributions of three 
dielectric layers (soil, vegetation, and atmosphere), 
can be expressed as follows: 

 
𝑇𝑇𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵,𝑝𝑝 = 𝑇𝑇𝐵𝐵𝐵𝐵𝐵𝐵,𝑝𝑝 + 𝑒𝑒−𝜏𝜏𝑎𝑎𝑎𝑎𝑎𝑎,𝑝𝑝 ∙ 𝑇𝑇𝐵𝐵𝐵𝐵𝐵𝐵𝑣𝑣,𝑝𝑝                         (1) 

 

𝑇𝑇𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵,𝑝𝑝 = 𝑇𝑇𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵,𝑝𝑝 ∙ 𝑒𝑒−𝜏𝜏𝑣𝑣𝑣𝑣𝑣𝑣,𝑝𝑝 + 𝑇𝑇𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵,𝑝𝑝(1 + 𝑟𝑟𝑟𝑟,𝑝𝑝 ∙

                  𝑒𝑒−𝜏𝜏𝑣𝑣𝑣𝑣𝑣𝑣,𝑝𝑝) + 𝑇𝑇𝐵𝐵𝐵𝐵𝐵𝐵,𝑝𝑝 ∙ 𝑟𝑟𝑟𝑟,𝑝𝑝 ∙ 𝑒𝑒−2𝜏𝜏𝑣𝑣𝑣𝑣𝑣𝑣,𝑝𝑝          (2) 

 
where TBtov,p is the top-of-vegetation brightness 
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temperature when the vegetation is represented as a 
single-scattering layer above a rough surface; 
τatm,p is the atmospheric optical depth; TBau,p and 
TBad,p are the upward and downward atmospheric 
emissions, respectively; and TBsoil,p and TBveg,p 
are the soil and vegetation layer contributions, 
respectively. Here, rr,p is the soil reflectivity of a 
rough surface (one minus the emissivity er,p), and 
τveg,p is the vegetation optical depth along the 
viewing path.  

 
 

3.2 Simulation Results 
 

We address long-term land hydrological dataset 
measured at Mongolia observation sites. By 
applying to CMEM, microwave land surface 
emissivity at 6.9GHz with horizontal and vertical 
polarization are estimated at Mongolia site.  

Fig. 6a and 6b present the comparison between 
simulation results at Mongolia site by using CMEM 
and AMSR-E Monthly Global LSE. Fig. 4a shows 
the simulated microwave LSE at 6.9GHz with 
horizontal polarization is overestimated and its 
temporal variability is very large.  

On the other hand, Fig. 5b shows the simulation 
result with vertical polarization is good agreement 
with AMSR-E Monthly LSE at Mongolia 
observation site. 

 
 

 
 
 

 
 
Fig 6. Comparison between the observed 
microwave LES (open circle) and simulation results 
(solid circle) with a) Horizontal polarization and b) 
Vertical polarization. 

4. CONCLUTION 
 
In this study, we investigate the temporal and 

spatial variability of LSE over Asia and the 
relationship between LES at low frequency 
(6.9GHz and 10.7GHz) and high frequency 
(36.5GHz and 89.0GHz) and try to estimate 
microwave land surface emissivity from July 2002 
to January 2005 at Mongolia observation sites. 

Firstly, Microwave LES at high frequencies is 
related to LES at low frequencies in summer. It 
implies effect of land surface hydrological variables 
to LES. Therefore, we try to identify the effect of 
snow, vegetation type and soil moisture by using 
Land use and MODIS dataset. Secondly, 
Microwave LES at 6.9GHz with horizontal and 
vertical polarization is simulated at Mongolia 
observation sites. Simulation results shows the 
estimated LSE is overestimated and its variability is 
large by comparing the observed data.  

We should reveal the effect of snow and 
vegetation type to the relationship between LES at 
low and high frequencies and calibrate CMEM 
model parameters to represent the temporal and 
spatial variability of LSE obtained from AMSR-E 
and AMSR2.  
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