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1. CRM database: 

CRM database contains hourly instantaneous output from CRMs. Parameters include atmospheric profiles, cloud/rain particle bulk mixing ratio, cloud/rain size distribution in CRM grid. For each 24hr period, total data size will be up to 4Tb mostly due to 43-bin DSD database. 

1.1. CRM type: WRF-SBM

WRF-SBM is a regional 3D cloud-resolving model with Spectra-Bin Microphysics (7-species 43-bin) that prognose explicit melting, riming fraction in snow aggregate. Land-surface is heterogeneous with terrain.

1.2. CRM type: GCE-SBM

GCE-SBM is idealized cloud-resolving model with Spectra-Bin Microphysics (7-species 33-bin) that treat explicit melting fraction in snow aggregate. Surface is homogeneous (usually water). 

1.3 CRM cases

	Campaign
	Date
	Details 
	Validation Stage

	Contributors

	C3VP

In Canada
(WRF-SBM)
	1/19/2007
	Lake-effect snow breeze extended from Great Lakes. Narrow and shallow, but robust snow band. 
	Val2
	T. Iguchi

@

GSFC, ESSIC

	
	1/21/2007
	Large-scale relatively spatially homogeneous snow fall event. 
	Val2
	

	LPVEx

in Finland
(WRF-SBM)
	9/21/2010
	Large-scale mixed-phase stratiform rain with relatively high (~2400m) altitude of melting band. 
	Val1
	T. Iguchi

@

GSFC, ESSIC

	
	10/20/2010
	Large-scale mixed-phase stratiform rain with low (~1000m) altitude of melting band.
	Val1
	

	MC3E

In 

Oklahoma.
(WRF-SBM)
	4/25/2011
	Multi-cell MCS and stratiform rain.
	Val1
	T. Iguchi

@

GSFC, ESSIC

	
	5/20/2011
	Severe convection, severe t-storm anvil, stratiform rain.
	Beta
	

	HMT

In California

(WRF-SBM)
	12/30/2005
	Frontal mixed-phased rainfall over Sierra mountain.
	Beta
	M. Han

@

GSFC, MSU

	
	12/31/2005
	Frontal mixed-phased rainfall over Sierra mountain.
	Beta
	

	TWP-ICE

In Darwin
(GCE-SBM)

	1/23/2006
	Propagating tropical MCS 
	V1
	X. Li

@

GSFC, MSU


	
	2/05/2006
	Isolated convection 
	Beta
	

	Table 1. List of the CRM database 


2. Orbital Database

2.1 Orbital database format and parameters.

Orbital database consists of satellite orbit parameters, geolocation of IFOV/EFOV and satellite location, and simulated L1B/L2-like parameters in satellite orbital grid. Orbital data covers a portion of sampling right over the CRM domain. All orbital data format is NetCDF3, and it contains dimensions, parameter descriptions, and parameter units. All undefined value is set to be -999. 
Orbital database takes account for the atmospheric profiles, the cloud/rain profiles, and the detailed surface/terrain information from the CRM database. Unique geometry and antenna gain patters of each sensor (GMI imager, GMI sounder, DPR Ku, DPR Ka_MA, DPR Ka_HS) are considered (Figure 1). 

For GMI instrument, Eddington two-stream radiative transfer (Kumerrow 1993) is employed.  Pseudo 3D radiation impact is taken account for through two-way slant path (Figure 2). Considering GMI antenna gain function, simulated CRM-resolution microwave Tb is convolved on EFOV (Figure 3). Because of different viewing angle, GMI imager (10~89GHz) and sounder (166~183GHz) data are stored in two separate file.  

For DPR instruments, reflectivity factor is computed in slant-path, and output is re-oriented in the vertical array. L1C return power is NOT simulated at this point. Reflectivity value is forced to be undefined (-999.), if radar range volume includes ground features (sigma0 issue). Thus, reflectivity up to 2km above-ground is undefined in the off-nadir sampling (Figure 4).  DPR L2 geophysical parameters are sampled throughout surface regardless of the ground features. Range bins are 176 (88), and range bin size is 125m (250m) in the Ku and Ka_MA level-2 (of Ka_HS) product.  Thus, range height generally ranges up to 22km above local ellipsoid. Because of different scanning pattern, DPR Ku, Ka_MA, and Ka_HS are stored in three separate files. There are no cut off of significant reflectivity in the simulated DPR reflectivity (e.g., 20dBZ for TRMM PR), so user must apply appropriate cut-off value for algorithm testing.  
	Sensors
	Format
	Details 
	Validation Stage

	GMI 

(Imager & Sounder)
	NetCDF
	Geolocaitons: Satellite and FOV geolocations 

L1B: microwave brightness temperature for horizontal and vertical polarization.
 L2: CRM surface rainfall, cloud ice water path, cloud liquid water path, column water vapor, rain water path, skin temperature, surface emissivity, vegetation fraction, soil moisture  near-surface wind, freezing height, land fraction
	V1

	DPR 

(Ku, Ka_MA, and Ka_HS)
	NetCDF
	Geolocaitons: Satellite and FOV geolocations, radar range heights normal to the local ellipsoid

L1B: Attentuating/non-attentuating equivalent reflectivity factors, path-integrated attenuation
L2: Profiles of CRM rainfall, cloud ice, cloud liquid, rain water path, mixing ratio, pressure, temperature, specific humidity, and rainfall rate, 0~6th moments
	Beta

	Table 2. Description of orbital database.


Typical file name of DPR is 

wrfout_d02_2007-01-22_19:00:00.DPR_Ka_HS.ORBITAL.TESTBED_SPHE.nc

This means the orbital database is maded from WRF output of June 22, 2007, at 1900Z. Instrument is DPR Ka_HS. Single scattering parameters are computed under Mie assumption (sphere=SPHE). 

Similar way, GMI file name is 

wrfout_d02_2007-01-22_18:00:00.GMI_LF.ORBITAL.TESTBED_TEL-SPHE.nc.

The additional feature (_TEL-) means that TELSEM surface emissivity database is used to compute bottom boundary of radiative transfer model. 

Each case (in Table1) has 24 orbital data for GMI, DPR Ku, Ka_MA, Ku_HS. GPM satellite overpassing in the center of the CRM domains via ascending pass. 

2.2 Level 2 Geophyiscal Parameters. 

HUCM SBM has the 7 hydrometeor classes. Each class has 43 mass bins that represent particle size distributions. 

· Each bin from each class has unique bulk radius, bulk density, bulk terminal velocity, which is fixed throughout the model integration (see Appendix). 

· Snow aggregate, graupel, hail classes have explicit bin-by-bin melting fraction. 

· Snow aggregate class has explicit bin-by-bin rimed fraction. Thus, bin-by-bin bulk density of snow aggregate varies from bulk density of dry snow aggregate to bulk density of graupel depending on the rimed fraction.  

In SBM, there are apparent distinction between rain and non-raining particle. In this project, we used the threshold of diameter of 200μm (i =18th ) is employed to separate rain and non-raining particles.   (Note that GCE-SBM contains 33bin, but it computes following parameter in the same way with same boundary of non-raining and raining parameters.)

Regardless of the complexity of the SBM, traditional hydrometeor parameters are computed for Level2 geophysical parameters. These L2 parameters will be used to check various aspect of rainfall retrieval parameters. 

Cloud liquid water (qliq) content is computed as 
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Ice water content (qice) is computed as
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Rain water content (qrain) is computed as 


[image: image3.wmf]
Thus, each water content is vertically integrated for cloud liquid water path, cloud ice water path, and rain water path. 

Liquid fraction of rain (fliq) is computed as
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Bulk rain density (ρrain) is computed as
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, where
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The m-th (m=0, 1, 2, ..6) moment (Mm) of raining particles are computed as follow. 
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Rainfall rate is computed as 
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Figure 1:

a) 24hr simulation of GMI LF sensor geolocations. Color shade represents progress time [hr].

b) Simulated center-of-FOV position on ellipsoid of GMI LF (O), GMI HF (O), DPR Ku (O), DPR
Ka (O) sensors. Note that simulation intervals of four types of channels are uniquely
adjusted for presentation purpose.
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Figure 2. Path of two-stream radiative transfer for computing microwave brightness temperature. 
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Figure 3. Antenna-gain function of passive microwave radiometer and sounder. 
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a)
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b) 

Figure 4. a) Simulated DPR Ku-band attenuating reflectivity factor (Zm) and L2 rainfall profiles. b) simulated DPR Ku-band path-integrated attenuation (PIA) and radar range height normal to local ellisoid. Zm and PIA are undefined near surface, when radar sampling volume (off-nadir) includes surface feature. Thus, it looks like V-shape at bottom, resembling TRMM PR L2B. 
� Validation stage is defined as: Beta: no validation just simulated, Val1: first-stage validation and 1st-order improvement, Val2: second-stage validation and further improvement. 
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