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What is Joint-Simulator? 

Cloud Resolving 
Model Outputs 

Satellite Data 
Simulator 

Synthetic Satellite 
Observation 

• Joint-Simulator solves the 1D radiative transfer problems 
given by a cloud resolving model in a consistent way 
among the sensor simulators and with the model. 
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emission emission 

emission 

emission 

scattering 



Applicable sensors: 
examples 

http://aqua.nasa.gov/about/instruments.php 

http://www.eorc.jaxa.jp/TRMM/about/mechanism/main_j.htm 

Pamphlet 
http://www.jaxa.jp/projects/sat/earthcare/index_e.html 

EarthCARE 

Applicable to 
CloudSat CPR & 
CALIPSO CALIOP 

• Microwave radiometers & 
sounders* 

• Radars 
• Lidars 
• Visible & infrared imagers 
• Broadband radiometers 



Sensor 
simulators 

• Visible and infrared imager 

– RSTAR6b (Nakajima & Tanaka 1986, 1988) 

• Discrete-ordinate method/adding method 

• K-distribution table with HITRAN2004 

• Microwave radiometer and sounder 

– Kummerow (1993) 

• Eddington approximation 

• Radar 

– Masunaga & Kummerow (2005) 

– EASE (Okamoto et al. 2007, 2008; Nishizawa et al. 2008) 

• Lidar 

– Matsui et al. (2009) 

– EASE 

• Broadband radiometer 

– CLIRAD (Chou and Suarez 1994, 1999; Chou et al. 2001) 

• δελτα−Eddington approximation/adding method (two stream) 

• K-distribution method with HITRAN1996 

• 21 bands 

– MSTRN-X (Sekiguchi and Nakajima 2008) 

• Discrete-ordinate method/adding method (two stream) 

• Correlated-k distribution method with HITRAN2004 

• 18, 29, or 37 bands. 



Structure of Joint-Simulator 
Driver 

Model interface: I/O 

Sensor 
simulator 

Radiative property of 
particles 

Surface 
radiative 
property 



Joint-Simulator 
algorithm flowchart 

Volume extinction, absorption, phase 
function, etc, are tabulated as a function 
of effective radius. 



How easy to implement Joint-simulator? 

• Registration 
– Go to Joint-Simulator webpage 

(https://sites.google.com/site/jointsimulator/) and click 
“Contact & Registration” 

– Then, you can get a package from a ftp site. 
• Requirement 

– A C-preprocessor, a Fortran compiler, and netcdf library 
• Preparation of input 

– Put your model output (winds, thermodynamics, aerosol-
cloud variables) in a single netcdf file. 
 Spherical (lat-lon) or rectangular grid system if the beam 

convolution is necessary. 
– Edit the configure file, Configure_SDSU.F, for your 

experiments and model assumptions. 
 

 

https://sites.google.com/site/jointsimulator/�


Preparing input data 
• Grid information 

 Latitude, longitude 
 height 

• Dynamical variables 
 Vertical wind (3D) 
 10-m horizontal winds  

• Thermodynamical variables 
 Air temperature 
 Total pressure or moist air density 
 Vapor mixing ratio or relative humidity 

• Surface variables (example) 
 Land-cover type 
 Soil moisture content 

 
• Cloud microphysical variables 

 Bulk: mass (and number) concentration for each category 
 Bin: mass concentration for each bin 

• Aerosol microphysical variables 
 Bulk: same as the above 
 Internal mixture and hygroscopic growth of a particle 

 



Editing the 
Configure_SDSU.F  

All the microphysical 
assumptions are set in the 
configure file. 
 
The parameters are defined 
for each category. 



Editing the 
Configure_SDSU.F  

Three mathematical 
functions to choose from: 
• Mono-disperse distribution 
• Generalized gamma 

distribution 
• Lognormal distribution 
 
Number of predicted 
moments are diagnosed. 



Editing the 
Configure_SDSU.F  

Sensitivity tests can be easily 
conducted without 
compiling. 
 
Setting up the aerosol 
microphysics scheme is 
similar to the cloud 
microphysics scheme. 



Editing the 
Configure_SDS

U.F 

Lognormal volume 
distribution can be chosen 
for aerosol particles 



Editing the 
Configure_SDS

U.F  

The refractive index defined 
in RSTAR6b is used by 
specifying “cname_im”. 
 
The mass fraction and size 
range for integration can be 
specified. 
 
The refractive index and 
extinction coefficient can be 
overridden. 



Editing the Configure_SDSU.F 



Editing the Configure_SDSU.F  



Editing the Configure_SDSU.F  



Current status of single scattering library in 
Joint-simulator 

VIS-IR 

Broadband 

EASE (radar) 

Microwave 

EASE (lidar) 

Kummerow (1993) 

Masunaga & Kummerow (2005) 

RSTAR6b 

MSTRN-X 

CliRad 

Kernel.out 

NS-DB 

NS-DB 

re, habit 

re, habit 

Size parameter, index of refraction 

Mie; sphere } 

Mie; sphere 

Et, Bs Et, Bs, SSA, g, Dp 

re, habit 

Ce, Ca, p 

Et, Bs 

hydrometeors Aerosol particles 

All particles 

The current sensor 
simulators use the 
database with 
different formats and 
different particles. 



Uncertainty due to non-spherical ice 
scattering in CFEDs 



(c) NICAM IR (K): with response function 

(b) NICAM IR (K): without response function 

• A better agreement between 
observation and NICAM can be 
seen over Saharan desert. 
• In general, monochromatic 
simulation underestimates Tb. 
But, it overestimates Tb for high 
deep clouds. 
 

Difference: b-c (K) 

Adding an option for 
response function 



Validation of simulated AOD (0.55 µm) 
• NICAM-SPRINTARS global simulation provided by Dr. 

K. Suzuki@JPL with help of Dr. D. Goto.  
• Aerosol Optical Depth (AOD) estimated 

with Joint-Simulator is compared against 
the outputs from  SPRINTARS   
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Good agreement 

Dust Carbonaceous AP 

Difference possibly due to differences in 
treatment of particle size distribution: 
SPRINTARS uses multiple bins for DUST & 
Sea Salt, Joint-Simulator uses lognormal 
volume distribution for all the aerosol species.  



Precipitation rate and Ze 
Rain Snow 

Rain: At -10 dBZe, Re>20 µm means precip rate<1 mm/hr 
           At    8 dBZe, precip rate>0.18 mm/hr 
 
Snow: At -10 dBZe, Re>100 µm means precip rate<0.01 mm/hr 
             At    8 dBZe, precip rate>0.1 mm/hr 

Assume inverse-
exponential distribution, 
varied mass and # of a 
hydrometeor category, 
and calculated 94GHz 
radar reflectivity. Only 
one layer (240m) of a 
cloud is assumed above 
the surface. 

C3 retrievals vs Ze 

Attenuation is not included, leading to overestimation of Ze. 

Wang and Geerts (2003)  

Liu (2008)  Matrosov (2007)  

Okamoto et al.  
(2010) 



How fast does it run? 

CPU: Intel Xeon(L5520) 2.26Ghz (4 cores) 

Memory: 4x6 GB 

• 32 CPUs 

• 2560x1280x40 grid points 
– EASE: 26 min 

– RSTAR6b (one frequency): 40 min 

– MSTRNX: 13 min 

 



• Sensor simulators include radar, lidar, and broadband simulators that are not 
in SDSU. 

• Universal interface that can be applied for various aerosol & cloud 
microphysical outputs 
 Atmospheric models: NICAM, JMA-NHM, & WRF 

 Aerosol microphysical models: SPRINTARS & GOCART 

 Cloud microphysical models: NICAM single, double-moment bulk scheme, Hebrai 
University spectral bin model, and WRF microphysical schemes (Lin scheme) 

 Particle size distribution, mass-dimensional relationship, and fall velocity are easily 
specified with a namelist.   

• Parallel-computation option (Message Passing Interface) is available. 

• The response function can be applied in the visible-IR simulator. 

• Write out data necessary for off-line implementation of 3D RTM. 

• Can be useful for retrieval algorithm development as well. 

 

 
 

 

Summary 



Future works 

• netcdf output & multiple snapshots 

• Construction of non-spherical scattering 
database 

• GCM interface 
• Add interfaces for 3D RTMs 



Non-spherical scattering database 
 (web-based) 

Consolidate the efforts made by individual developers and can be used for testing 
their parameterization with RTMs easily. 

Main collaborators 
Prof. Nakajima’s group at Tokai University 
Prof. Okamoto’s group at Kyusyu University 
Dr. Ishimoto at Meteorological Research Institute. 



Editing the Configure_SDSU.F 2 



Editing the Configure_SDSU.F 4 



Comparison of 1D and 3D RTM (Preliminary 
results) 

3D RTM: MCARaTS (Dr. Ishida) 

High resolution simulation of marine stratocumulus  
• provided by Mr. Y. Sato (Prof. Nakajima group) 
• horizontal resolution: 500x500m 
  

1D RTM: RSTAR6b 

• solar zenith angle: 60° 
• viewing zenith angle: 14.3° 
• difference between solar 
azimuth angle and viewing 
azimuth angle:0° 
• no surface reflection (RSTAR 
not changed yet)  

Experiment design 

RSTAR: lower 
radiance between 
clouds. 

Can be useful for retrieval 
algorithm development 



Editing the 
Configure_SDSU.F 

3 



Uncertainty due to non-spherical ice scattering in 
BETTER 
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