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Cloud model evaluation with observationsCloud model evaluation with observations
Field experiment

Radars at different frequencies (X, C, Ka, …): dBZ

…

Satellite measurements
Visible/infrared imagers: Iλ
Microwave radiometers: Tb

S b d  dBZSpaceborne radars: dBZ

Model outputsModel outputs
qr, qc, qv, T, …
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SDSU StructureSDSU Structure
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Tropical Squall Line (GCE)Tropical Squall Line (GCE)
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Baiu frontal Precipitation System (CReSS)Baiu-frontal Precipitation System (CReSS)

a) 19 GHz Tb (H) b) 85 GHz Tb (H)) 9 b ( ) ) 5 b ( )
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Indian Monsoon (WRF w Goddard SDSU)Indian Monsoon (WRF w Goddard SDSU)
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Download the SDSU packageDownload the SDSU package
SDSU WWW site

precip.hyarc.nagoya-u.ac.jp/
sdsu/

User registration
only requires your name and only requires your name and 
email address.

Patches (Linux shell scripts)
available for existing SDSU-v2 
users in case of future upgradesusers in case of future upgrades.

BAMS SDSU article in press
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A Multi spectral  Multi sensor SimulatorA Multi-spectral, Multi-sensor Simulator
Satellite Data Simulator Unit (SDSU)

A Fortran package to simulate synthetic observations for
Passive microwave sensors (radiometers and sounders)

dRadars

Visible and infrared imagers

Applicable satellite missions and sensors includeApplicable satellite missions and sensors include
Tropical Rainfall Measuring Mission( TRMM)

TMI, PR, and VIRS

A-Train constellation
Aqua AMSR-E, Aqua MODIS, and CloudSat CPR

Gl b l P i it ti  M t (GPM)Global Precipitation Measurement (GPM)
GMI and DPR

Earth Clouds, Aerosols, and Radiaion Explorer (EarthCARE)
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SDSU FeaturesSDSU Features
Interface for input geophysical parameters

6 hydrometeor species
Rain, cloud water, cloud ice, snow, graupel, and hail

l f bl ( )Plug-in routines for variable conversion (v2.1.0+)
qv→ RH, (θ , p) →T, q → ρq, etc.

Mi  l k  t bl  (LUT)Mie lookup table (LUT)
Dramatically accelerates RT computations.

Th  Mi  LUT t   ith th  SDSU kThe Mie LUT generator comes with the SDSU package.

Beam convolution routine
C  h  i  CRM l i   h   FOVConverts the input CRM resolution to the sensor FOV.

Particle size distribution (PSD) library (v2.0+)

Nov 9, 2010CINDY-DYNAMO Operational Planning WS



Particle Size Distribution (PSD) LibraryParticle Size Distribution (PSD) Library
User interface to design hydrometeor PSD models

PSD is given in the form of  a Fortran external function.

Affects the computations of kext, ω,  g, and σb. 

Template PSD models pre-installed
1-moment PSDs: exponential, gamma, modified gamma,
log-normal, exponential with m(D)=aDb, etc.

2 moment PSDs: exponential and log normal2-moment PSDs: exponential and log-normal.

“Build-your-own” PSD modelsBuild-your-own  PSD models
The SDSU user can add any 1- or 2-moment bulk 
microphysical models to the library inventory.  
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microphysical models to the library inventory.  



ExamplesExamples
Tropical squall line

Simulated with Goddard Cumulus Ensemble (GCE) model

Synthetic microwave Tb, radar dBZ, and visible/IR radiances

Mid-latitude frontal precipitation
Simulated with Cloud Resolving Storm Simulator (CReSS)Simulated with Cloud Resolving Storm Simulator (CReSS)

Synthetic microwave Tb and radar dBZ

Cloud- and precipitation-top height histogram 
Based on the Non-hydrostatic ICosahedral Atmospheric Model 
( C ) 6/  O i  ( i   l  ) i  (NICAM) 2006/07 MJO experiment (Miura et al., 2007) in 
comparison with TRMM and CloudSat observations (Masunaga
et al., 2008)
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Cloud and Precip Top Heights (CTH and PTH)Cloud and Precip Top Heights (CTH and PTH)

← CloudSat CPR
← TRMM         
PR&VIRS

MJO wet MJO wetMJO dry MJO dry
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NICAM SDSU

PR echo-top height
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← NICAM SDSU← NICAM+SDSU
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Missing 94 GHz Echoes above 8 kmMissing 94-GHz Echoes above 8 km

The 94-GHz back-scattering coefficient begins to be saturated due to 
non-Rayleigh scattering as snow content increases. 
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A Modification to snow microphysicsA Modification to snow microphysics

Snowflake mass spectrum = m(D)n(D)=aDb N0 exp(-λD)
where a=2.5x10-2 kg m-2 and b=2 (original=Grabowski, 1998)

a=5x10-4 kg m-1 and b=1 (modified)5 g ( )

SWC=1g/m3

0 1

Less saturated
g

0.1
g/m3

Smaller snowflakes
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PSD Impact on the CTH/PTH HistogramPSD Impact on the CTH/PTH Histogram
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