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1. Background  

Aerosols in the   

atmosphere 

Transmitted 
Reflected by 

surface 
 

CCN 

Polluted 

clouds 

Precipitation 

Indirect effect: 

Effects of aerosols on 

microphysical and  

optical properties of 

clouds 

Direct effect: 

Scattering and 

absorption by 

aerosols 

The roles of aerosols and clouds on regional and global 

 climate change are still not clearly understood 

POM-02 

1. The Asian aerosol sources are unlike those in Europe and North 

America: much more coal and biomass are burned adding more 

absorbing soot and organic aerosols to the atmosphere. 

2.   The rapid industrialization of the Asian countries further causes 

     the amounts of anthropogenic aerosols such as soot, sulfate, nitrate,   

     organic matters to increase. 

3. East Asia is also one of the important sources of dust aerosol, 

which further adds complexity. 

4. The amounts of aerosols in the atmosphere of the East Asia are 

predicted to further increase in the future. 

It is well known that the East Asian aerosols can have impacts on 

climate system, but the major question of how are they linked with 

climate system still remains unanswered. 

•Major instruments for aerosol observation  

 

Aerosols in the Asian region  SKYNET network 

•SKYNET is an observation network to study aerosol , cloud, 

  and  radiation interaction in the atmosphere.  

For detail, visit http://atmos.cr.chiba-u.ac.jp/ 

Sky radiometer 

Manufacturer 

 PREDE Co. Ltd., Japan 

Data analysis software 

Skyrad.pack (Nakajima et al., 1996) 

Cloud screening software 

CSSR (Khari and Takamura, 2009) 

 

                                                

2. Purposes of this study  

Sky radiometer is being operated at 

more than 50 sites around the world  

Shadow band attached spectroradiometer 

Manufacturer 

 EKO Co. Ltd.,  

Japan 

Data analysis  

software 

MS700analysis  

(Khari et al.,2011) 

 

                                               

Irr1 

Irr2 
Irr3 

Irr4 

Recently installed at 4  

SKYNET sites within Japan 

• Study the optical characteristics of the aerosols and their climatic effects at some important SKYNET sites using long term observation data of sky radiometer, which is a key instrument of SKYNET network. 

• Develop a data analysis tool (algorithm) for newly installed observation system (shadow band attached spectroradiometer) at some SKYNET sites.   

3. Study of aerosol optical characteristics and their climatic effects at some SKYNET sites using long term observation data of sky radiometer  
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1. Urban areas 
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Aerosol optical characteristics  Aerosol climatic effects 
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Aerosol optical characteristics  Aerosol climatic effects 

2. Semi-arid area 
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Aerosol optical characteristics  
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Aerosol climatic effects 

3. Biomass burning area 
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Aerosol optical characteristics  Aerosol climatic effects 

4. Coast of the East China Sea 

•Urban atmospheres may be characterized by relatively high  

AOT and strong heating rate during April - August though aerosol  

optical parameters and their climatic effects are location dependent. 

•Dominated by coarse mode aerosols throughout the year. 

•Generally large AOT , low Ang. Exp. ,and low aerosol  

  forcing at surface and TOA during Feb.-May. 

•Relatively high AOTs and strong heating rates during Jan.-May. 

Biomass burning activities are significant at the region during  

these months. 

•Relatively high AOTs, low SSA , and strong heating rate during 

March-June are due to complicated mixture of dust and anthrop- 

ogenic aerosols emitted from continental regions of the East Asia.  
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4. Development of an algorithm for shadow band attached spectroradiometer of SKYNET network  

Irr1 

Irr2 

Irr3 

Irr4 

Instrument Measurement technique 

Measured data 
•Spectral global irradiance  = Irr1(λ) 

•Spectral diffuse irradiance = Irr3(λ)+ Irr1(λ)-(Irr2(λ)+Irr4(λ))/2 

Sample of observation data 

Instrumentation  Major problem 

Unlike sky radiometer, shadow band attached  

spectroradiometer measures spectral direct and  

diffuse irradiance using horizontal surface detector  

Such radiometer suffers from cosine 

 error  

What is cosine error? 

θ 

Irr(θ=0) Irr(θ) 

2. During actual measurement   

  Irr(θ) = Irr(θ=0).cos(θ) 

1. For ideal lambertain surface 

Irr(θ) = Irr(θ=0).cos(θ) 

3. Cosine error= 
Irr(θ) 

Irr(θ=0).cos(θ) 

Example of cosine error 
Wavelength: 499.2 nm  

Retrievals of aerosol optical thickness (AOT) and single scattering albedo (SSA)   

•For AOT retrieval 
Direct irradiance (Corrected)= Direct irradiance (Measured)*Correction factor 

                                                                                                                   (Direct)                                                                                                                                                                                                                               

•For SSA retrieval  

AOT 

Diffuse irradiance (Corrected)= Direct irradiance (Measured)*Correction factor 

                                                                                                                   (Diffuse)                                                                                                                                                                                                                               

SSA 

Can be measured  

at the laboratory  

•Cannot  be measured at the laboratory  

•Depends on aerosol parameters,   

  atmospheric condition, etc. 

Procedure to retrieve SSA 
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Calculate diffuse irradiance using  different SSA values  until the  

modeled diffuse irradiance becomes equal to directly measured 

value 

Correction factor for direct irradiance for zenith angle θ and azimuth angle ɸ 

Radiation propagating from direction of zenith angle θ and azimuth angle ɸ  

for incident light from direction of zenith angle θ 0and azimuth angle ɸ 0 

Flow chart 

 Khatri et al. (2011) 

           (Revising)  

Some examples of results obtained from shadow band attached spectroradiometer 
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Zenith angle (Deg.) 

 499.2nm 

For anisotropic distribution  

of sky radiance and actual values 

of aerosol optical parameters 

  (Output from this algorithm)  

  

For assumed isotropic distribution 

of sky radiance 

  

Cosine error correction factor  

for diffuse irradiance cannot be  

measured at the laboratory  

  

Fukue (East China Sea region) 

(Spring 2009) 

Asian dusts are blackened during their transport   
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PREDE Sky radiometer  

AOT(500nm) 
 

RMSE=0.024 

Comparison 

Hedo, Okinawa 

YSI is the fraction of dust AOT  

to total AOT (Takamura et al., 2007) 
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http://atmos.cr.chiba-u.ac.jp/html/transfer_sys/skynet_site.html

