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Introduction 

• Cloud contamination causes 

  errors in air mass factor 

  errors in gas/aerosol retrievals 

 

• Accurate cloud data will serve to  

   better cloud screening for 
gas/aerosol retrieval 

   better cloudy-sky gas/aerosol 
retrievals* 

 

*Vasilkov et al. (2004) Improving total 
column ozone retrievals by using cloud 
pressures derived from Raman scattering 
in the UV” 
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Theoretical background  

for cloud pressure retrieval 

O2-O2 absorption (477 nm) Rotational Raman scattering (393.6 nm) 

𝑘 𝜆 =  𝐼𝑚 𝜆 − 𝐼𝑅 𝜆 𝐼𝑅 𝜆  

 𝐼𝑚 𝜆  : the measured radiance 

 𝐼𝑅 𝜆  : the calculated radiance 

using only Rayleigh scattering 

A 𝜆 =  𝑅𝑚 𝜆 − 𝑅𝑓 𝜆 𝑅𝑓 𝜆  

 𝑅𝑚 𝜆  : the measured reflectance 

 𝑅𝑓 𝜆  : the calculated reflectance 

using without O2-O2 absorption 
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The cloud retrieval algorithm and 

its validation problems 

Is the cloud retrieval algorithm 
correctly working? 

• To validate the cloud retrieval 
algorithm, we need cloud data, 
which is physically consistent 
with radiance data. 
 

(Problem 1) 
Every cloud data has 
observational errors. 

 

(Problem 2)  
No geostationary spectral 
UV/VIS radiance 
observations exist. 
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Concept of synthetic (or proxy) data 

WRF 

Cloud 

Forward RT 

simulation 

Retrievals by our 

cloud algorithm 

Known (WRF) cloud profiles 
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WRF (Weather Research & Forecasting 

Model) Data 

Area: 25°−45° N, 110° −140° E 
SCIATRAN 

 

Simulated region 
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WRF (Weather Research & Forecasting 

Model) Data 

Area: 25°−45° N, 110° −140° E 

Period: Aug. 6−7, 2011 

            (Typhoon Muifa) 

7 

//upload.wikimedia.org/wikipedia/commons/5/5c/Muifa_2011_track.png


Climate System Laboratory 

Radiative transfer simulation 

8 

Model: SCIATRAN 3.1 

spectral range: 300−500 nm 
(resolution: 0.6 nm) 
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Assumptions for RT simulation 

• Land use type 

– sand, snow, water, vegetation, or soil 

• Cloud 

– All clouds are composed of 1-layer and vertically 

homogeneous (due to vertical inhomogeneity errors in SCIATRAN) 

– Size of liquid particle: 12 𝜇𝑚 

– Size of ice particle: 100 𝜇𝑚 

– Shape of ice particle:  

“fractal” (SCIATRAN 3.1) 
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Angle geometry 

• RT simulations are performed with due 

considerations of the angle geometry. 
 

– 𝑆𝑜𝑙𝑎𝑟 𝑧𝑒𝑛𝑖𝑡ℎ 𝑎𝑛𝑔𝑙𝑒 = 𝐹 𝑙𝑎𝑡, 𝑙𝑜𝑛, 𝑑𝑎𝑡𝑒, 𝑡𝑖𝑚𝑒  

– 𝑆𝑎𝑡𝑒𝑙𝑙𝑖𝑡𝑒 𝑣𝑖𝑒𝑤𝑖𝑛𝑔 𝑎𝑛𝑔𝑙𝑒 = 𝐹 𝑙𝑎𝑡, 𝑙𝑜𝑛, 𝑙𝑜𝑛𝑠𝑎𝑡  

– 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑎𝑧𝑖𝑚𝑢𝑡ℎ 𝑎𝑛𝑔𝑙𝑒 =
𝐹 𝑙𝑎𝑡, 𝑙𝑜𝑛, 𝑙𝑜𝑛𝑠𝑎𝑡 , 𝑡𝑖𝑚𝑒, 𝑑𝑎𝑡𝑒  
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Cloud water/ ice mixing ratio 
 water/ ice contents 

Using ideal gas law (𝑃 = 𝜌𝑅𝑇), 

𝑚𝑖𝑥𝑖𝑛𝑔 𝑟𝑎𝑡𝑖𝑜 (𝑔 𝑔 ) =  
𝑤𝑎𝑡𝑒𝑟 (𝑖𝑐𝑒) 𝑚𝑎𝑠𝑠

𝑑𝑟𝑦 𝑎𝑖𝑟 𝑚𝑎𝑠𝑠
 

𝑚𝑖𝑥𝑖𝑛𝑔 𝑟𝑎𝑡𝑖𝑜 𝑛𝑡ℎ 𝑙𝑒𝑣𝑒𝑙 × 𝜌𝑛 𝑑𝑟𝑦 𝑎𝑖𝑟 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 = 𝑤𝑎𝑡𝑒𝑟 (𝑖𝑐𝑒) 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑔 𝑚
3  

where 𝜌𝑛 = 𝜌0 ×
𝑃𝑛
𝑃0
×
𝑇0
𝑇𝑛
,  𝜌0 = 1.29 𝑘𝑔 𝑚

3 ,  

𝑃0 = 1013.25 ℎ𝑃𝑎, 𝑇0 = 273.15𝐾, 

𝑃𝑛 = 𝑃 + 𝑃𝐵, 𝑇𝑛 = 𝑇00 + 𝑇
1000ℎ𝑃𝑎

𝑃𝑛

−
𝑅
𝐶𝑝
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P (perturbation pressure)  T (perturbation potential temperature) 

PB (base state pressure)  T00 (base state temperature) 
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Vertical coordinate 

 
𝑙𝑖𝑞𝑢𝑖𝑑 𝑜𝑟 𝑖𝑐𝑒 𝑤𝑎𝑡𝑒𝑟 𝑝𝑎𝑡ℎ 𝑔 𝑚2 

= 𝑁𝑡ℎ 𝑤𝑎𝑡𝑒𝑟 𝑜𝑟 𝑖𝑐𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡𝑠 (𝑔 𝑚3)  ×  ∆𝑍𝑁(𝑚)  

where geopotential height, 𝑍 ≡ Φ 𝑔0  

 

In WRF output,  
Φ = 𝑃𝐻𝐵(𝑏𝑎𝑠𝑒 𝑠𝑡𝑎𝑡𝑒 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙)

+ 𝑃𝐻(𝑝𝑒𝑟𝑡𝑢𝑟𝑏𝑎𝑡𝑖𝑜𝑛 𝑔𝑒𝑜𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙) 
Sea level pressure 

Solid line: unstaggered level 

Dashed line: staggered level 

Level of water or ice contents 

Level of geopotential height 

∆𝑍 
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An example of simulations 

Cloud water path  

(converted from WRF out) 477-nm Radiance (Total sky) 
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An example of simulations 

477-nm Radiance (Clear sky) 
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477-nm Radiance (Total sky) 
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Summary & Future Works 
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Summary 

► RT simulations from WRF output is ongoing… 

Future works include 

► Simulations for the full spectral range of GEMS 

► Simulation of vertically inhomogeneous multi-

layer clouds 

► Comparing the retrieved cloud data with the 

WRF’s cloud data 

►Applying the synthetic data to the cloud algorithm 
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