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1.
Introduction

1.1
Purpose

tc \l1 "1.
Introduction and Systems OverviewThis document is a Users’ Manual of the Microwave Surface and Precipitation Products (MSPPS) system.  This manual will describe the “Day-2” system.

The purpose of MSPPS is to produce near-real-time operational surface and precipitation products from the AMSU-A and -B.

1.2
Background

tc \l2 "1.1
Overall System ConceptsThe first AMSU-A and -B instruments were launched on NOAA K (now NOAA 15) on May 13, 1998.  These instruments provide a new opportunity to produce microwave surface and precipitation products from NOAA polar satellites similar to the microwave surface and precipitation products (known as Environmental Data Records (EDRs)) produced by Fleet Numerical Meteorology and Oceanography Center (FNMOC) from the Defense Meteorological Satellite Program's (DMSP) SSM/I.  The Special Sensor Microwave/Temperature (SSM/T) and Special Sensor Microwave/moisture (SSM/T-2) sounders, along with the SSM/I, provided valuable data to expedite both sounding and MSPPS algorithm development.  NOAA L (now NOAA 16) was launched on September 21, 2000; and NOAA M (now NOAA 17) on June 24, 2002.


The lineage of MSPPS at NESDIS includes the generation of orbital and gridded (Mastermap) products from SSM/I "raw" data transmitted via the Shared Processing Network (SPN) from Air Force Global Weather Central (AFGWC).  Both of these systems ran on the IBM mainframe and were intended to produce experimental products until FNMOC was ready to begin transmission of the official SSM/I operational products over SPN.  In 1993, FNMOC began transmitting Temperature Data Records (TDR), Sensor Data Records (SDR), and Environmental Data Records (EDRs) to NESDIS via SPN.  NESDIS processed the SDRs and EDRs into 30-orbit files and mapped the EDRs and SDRs into Mastermap files (eighth-mesh polar stereographic).  Under the auspices of the NOAA Climate and Global Change Program, a Prototype Microwave Climate System (MCS) was developed.  MCS entailed the production of orbital Brightness Temperatures (ATs) from the seven SSM/I channels as well as total precipitable water and rain rate products from the EDRs and from the ATs using experimental algorithms.  Besides the orbital files, daily, pentad, and monthly climate products were generated and archived.  This fully automated system executed on Rainforest using the Linux operating system.  The design and development of MCS provides the foundation and fundamental "building blocks" for the design of MSPPS. 

1.3
MSPPS Operations and Research Modes

Two independent versions of the MSPPS generate the same hydrologic products. The operational version is operated under the OSDPD/IPD and is hosted on a Linux platform (rainforest.nesdis.noaa.gov). The MSPPS research version is operated under the Office of Research and Applications. The research system can serve as a backup to the operational processing. The research version is currently being rehosted to run with Linux Red Hat version 9. The two versions are kept as in the same configuration so that enhancements can easily be transferred from research to operations.

2.
System Inputs

2.1
Satellite Instrument Description


The commonality of the AMSU-A and -B instrument suite with the current DMSP SSM/T/I/T-2 suite of instruments, as well as the future DMSP Special Sensor Microwave/Imager-Sounder is illustrated in Table 1 (adaptation of table developed by P. Taylor).  AMSU-A is a 15-channel cross-track scanning passive microwave radiometer.  An AMSU-A scan takes eight seconds and is comprised of 30 Earth views.    AMSU-B is a 5-channel cross-track scanning passive microwave radiometer.  An AMSU-B scan takes 8/3 seconds and is comprised of 90 Earth views. While SSM/I is a conical scanning instrument with 64 Earth views for the five lower resolution channels and 128 Earth views for the two higher resolution channels (89 GHz).  The SSM/I products are used to monitor the quality of the AMSU products and as a product validation source.

Table 1: Comparison of Microwave Sensors

	AMSU-
	A/ B (MHS)
	SSM-
	I/T/T2
	SSM-
	IS

	Freq.  (Ghz)
	Footprint (km)
	Freq. (Ghz) ./ Polarization.
	Footprint (km)
	Freq. (GHz) ./ Polarization
	Footprint (km)

	
	
	19.350                 / H & V
	43 x 69
	19.350                 / H & V
	73 x 47

	 23.800                   
	48 x 48 - 80 x 150
	22.235                 / V
	40 x 60
	22.235                        / V
	73 x 47

	31.400                   
	48 x 48 - 80 x 150
	37.000                 / H & V
	28 x 37
	37.000                 / H & V
	41 x 31

	50.300                   
	48 x 48 - 80 x 150
	50.500                 / H
	175 x 175 - 305 x 313
	50.300                        / H
	38 x 38

	52.800                   
	48 x 48 - 80 x 150
	53.200                 / H
	175 x 175 - 305 x 313
	52.800                        / H
	38 x 38

	53.596 ± 0.115         
	48 x 48 - 80 x 150
	
	
	53.596                        / H
	38 x 38

	54.400                   
	48 x 48 - 80 x 150
	54.350                 / H
	175 x 175 - 305 x 313
	54.400                        / H
	38 x 38

	54.940                   
	48 x 48 - 80 x 150
	54.900                 / H
	175 x 175 - 305 x 313
	
	

	55.500                   
	48 x 48 - 80 x 150
	
	
	55.500                        / H
	38 x 38

	57.290344 (flo)     
	48 x 48 - 80 x 150
	
	
	57.290                         -
	38 x 38

	flo ±0. 217                
	48 x 48 - 80 x 150
	
	
	
	

	flo ±0.3222 ±0.0 48    
	48 x 48 - 80 x 150
	
	
	59.400                         - 
	38 x 38

	flo ± 0.3222 ± 0.022    
	48 x 48 - 80 x 150
	58.400                 / V
	175 x 175 - 305 x 313
	
	

	flo ±0. 3222 ±0.0 10    
	48 x 48 - 80 x 150
	58.825                 / V
	175 x 175 - 305 x 313
	6 channels ~ 60.0 - 63.0
	75 x 75

	flo ± 0.3222 ± 0.045   
	48 x 48 - 80 x 150
	59.400                 / V
	175 x 175 - 305 x 313
	
	

	89.000
	48 x 48 - 80 x 150
	85.500                 / H & V
	13 x 15
	91.655                        / V
	14 x 13 (imager)

	89.000
	16 x 16 - 26 x 52
	91.655                 / V 
	84 x 84
	91.655                        / H
	14 x 13 (imager)

	150.000 (AMSU-B)

157.000 (MHS)
	16 x 16 - 26 x 52
	150.000               / V 
	54 x 54
	150.000                      / H
	14 x 13 (imager)

	183.310 ± 1.000 
	16 x 16 - 26 x 52
	183.310 ± 1.000   / V
	48 x 48
	183.310 ± 1.000          / H
	14 x 13 (imager)

	183.310 ± 3.000     
	16 x 16 - 26 x 52
	183.310 ± 3.000   / V
	48 x 48
	183.310 ± 3.000          / H
	14 x 13 (imager)

	183.310 ± 7.000  

190.31 (MHS)   
	16 x 16 - 26 x 52
	183.310 ± 7.000   / V
	48 x 48
	183.310 ± 7.000          / H
	14 x 13 (imager)


2.1.1 
Advanced Microwave Sounding Unit-A (AMSU-A)

The Advanced Microwave Sounding Unit-A (AMSU-A) system is implemented in two separate modules: the AMSU-A1 and AMSU-A2.   AMSU-A is a cross-track scanning instrument designed to measure scene radiances in 15 discrete frequency channels.  At each channel frequency, the antenna beamwidth is a constant 3.3 degrees (at the half power point).  Thirty contiguous scene resolution cells are sampled in a stepped-scan fashion every eight seconds, each scan covering 50 degrees on either side of the sub-satellite path. These scan patterns and geometric resolution translate to ~ 48-km diameter cell at nadir and a 2,343 km swath width from the 833-km nominal orbital altitude. 

Hardware for the two lowest frequencies is located in one module (AMSU-A2) and that for the remaining thirteen frequencies in the second module (AMSU-A1). This arrangement puts the two lower atmospheric moisture viewing channels into one module and the oxygen absorption channels into a second common module to ensure commonality of viewing angle independent of any module and/or spacecraft misalignment due to structural or thermal distortions. The AMSU-A1's concept of multiplexing thirteen frequencies in this second module is provided by a two-antenna system. This multiplexing approach provides minimum front-end radio frequency (RF) loss and a constant 3.3 degree antenna beam width with greater than 95 percent beam efficiency. The radiometer characteristics of the AMSU-A channels are summarized in Table 2. 

Table 2: AMSU-A Instrument Parameters

	Chan.
	Frequency (GHz)
	# of 

Bands
	Measured 

RF 3-dB bandwidth (MHz)
	NE(T

.

Soec. Meas
	Main beam Efficiency 

(%)
	Cross Polarization Beam 

Efficiency 

(%)
	3-dB 

Beamwidth

 (deg.)
	Polar.

at nadir

	1
	23.800
	1
	251.02
	0.30/0.211
	95.39
	1.57
	3.53
	V

	2
	31.400
	1
	161.20
	0.30/0.265
	97.14
	1.23
	3.41
	V

	3
	50.300
	1
	161.14
	0.40/0.219
	95.39
	2.24
	3.76
	V

	4
	52.800
	1
	380.52
	0.25/0.143
	95.50
	1.21
	3.72
	V

	5
	53.596+/-0.115 
	2
	168.20
	0.25/0.148
	95.55
	1.38
	3.70
	H

	6
	54.400
	1
	380.54
	0.25/0.154
	95.08
	1.65
	3.68
	H

	7
	54.940
	1
	380.56
	0.25/0.132
	94.79
	1.47
	3.61
	V

	8
	55.500
	1
	310.34
	0.25/0.141
	95.05
	1.44
	3.63
	H

	9
	f0=57.290.344
	1
	310.42
	0.25.0.236
	95.91
	1.29
	3.51
	H

	10
	f0+/-0.217
	2
	76.58
	0.40/0.250
	95.91
	1.29
	3.51
	H

	11
	f0+/-0.3222+/-0.048
	4
	35.11
	0.40/0.280
	95.91
	1.29
	3.51
	H

	12
	f0+/-0.3222+/-0.0022
	4
	15.29
	0.60/0.399
	95.91
	1.29
	3.51
	H

	13
	f0+/-0.3222+/-0.0010
	4
	7.93
	0.80/0.539
	95.91
	1.29
	3.51
	H

	14
	f0+/-0.3222+/-0.0045
	4
	2.94
	1.20/0.914
	95.91
	1.29
	3.51
	H

	15
	89.000
	1
	1998.98
	0.50/0.165
	97.79
	1.38
	3.80
	V


The shrouded reflector is rotated once every scan line (8 sec) for: 

· each of 30 earth viewing scene observations, 

· a view of the cosmic background (~2.73K), and 

· a view of a warm calibration load (~300K). 

During the rotation cycle, the shroud prevents solar reflections from interacting with the warm load and also ensures maximum coupling of the source radiation to the antenna feed.  A complete end-to-end in-flight calibration is achieved in a through-the-antenna method, which provides maximum in-flight calibration accuracy. The accuracy of the warm calibration load brightness temperature is better than +/- 0.2K. 

Each channel of the AMSU-A is considered to form a beam. All main beam axes of the AMSU-A are coincidental, i.e., they are pointing in the same direction at the same time for any given beam position. The AMSU-A beams have cross-track scanning. All beams scan in a plane perpendicular to the spacecraft orbital velocity vector. The sense of the scan is counter clockwise as one looks along the spacecraft orbital velocity direction, namely, the antenna scans from the sun direction through nadir to the cold space direction. 

The scanning profile of AMSU-A is a step-scan type. The instrument's FOV rotates to a data collection position, stops, collects data, and then moves to the next collection position, stops, collects data, etc. The instrument starts at each earth position 1, then goes sequentially to earth position 30, then to the cold calibration view position, and then to the warm load view position. After the warm load view, the instrument goes back to earth position 1 and the cycle begins again. The AMSU-A beams scan the earth viewing sector a total of 96.66 degrees (+/-48.33 degrees from nadir) on beam centers. There is a total of 30 beam positions (30 resolution cells on the earth's surface), which are called cell numbers 1 through 30, from sun to anti-sun. There are 15 cells on either side of nadir. The beam center position of each cell is separated from the adjacent cell along the scan direction by 3.33 degrees (there is a non-cumulative step tolerance of +/-0.04 degrees). 

2.1.2
Advanced Microwave Sounding Unit-B (AMSU-B)

The Advanced Microwave Sounding Unit-B (AMSU-B) is a 5-channel microwave radiometer. The primary purpose of the instrument is to receive and measure radiation from a number of different layers of the atmosphere in order to obtain global data on humidity profiles. It works in conjunction with the AMSU-A instruments to provide a 20-channel microwave radiometer.  AMSU-B Channels 3, 4 and 5, span the strongly opaque water vapor absorption line at 183 GHz and provide data on atmospheric moisture. Channels 1 and 2, at 89 GHz and 150 GHz, respectively, enable deeper penetration through the atmosphere, providing information on surface and hydrological parameters.  At each channel frequency, the antenna beam width is a constant 1.1 degrees (at the half-power point). Ninety contiguous scene resolution cells are sampled in a continuous fashion, each scan covering 50 degrees on each side of the sub-satellite path.

The AMSU-B instrument consists of a scanning parabolic reflector antenna which is rotated once every 8/3 seconds and focuses incoming radiation into a quasi-optic system which then separates the frequencies of interest into three separate feed horns of the receiver assembly. The receiver subsystem provides further de-multiplexing of the 183 GHz signal to selectively acquire three double-sided bands around the 183 GHz signal. The passbands for all five channels are listed in Table 3. The center frequencies for AMSU-B channels 3, 4, and 5 are 183.31 +/- 1.00 GHz, 183.31 +/- 3.00 GHz, and 183.31 +/- 7.00 GHz, respectively. 

The radiometer is continually calibrated in flight with the aid of a cold reference view to space and a "warm" reference consisting of an ambient temperature Calibration Target. The "warm" reference is internal to the instrument. It consists of the following: 

· microwave absorber providing quasi-blackbody radiation at microwave frequencies, 

· a magnesium structured core, 

· platinum resistance sensors to measure the temperature of the magnesium core accurately, 

· an outer containment shroud of aluminum. 

The Calibration Target presents a stable, high absorptivity, or quasi-blackbody load at approximately 290K (at nominal instrument temperature) into the instrument Main Reflector and is sized to fill the aperture in the Main Reflector/Shroud. The Calibration Target is viewed once during each scan of the instrument to provide a warm calibration reference. Gain is then computed from FOV counts taken at each of the two views and used to determine a radiance value for each channel.  Antenna temperatures are finally calculated from the radiance values. 

Table 3: AMSU-B Instrument Parameters 

	Channel
	Center freq. 

of channel (GHz)


	No. of

pass bands


	Bandwidth per pass 

band (MHz)


	NE(T1

	Polarization angle2


	1
	89.000
	2
	1000
	0.37
	90-(

	2
	15.700
	2
	1000
	0.84
	90-(

	3
	183.310 ± 1.000 
	2
	500
	1.06
	90-(

	4
	183.310 ± 3.000     
	2
	1000
	0.70
	90-(

	5
	183.310 ± 7.000     
	2
	2000
	0.60
	90-(


1 Values from first flight model. 

2 The polarization angle is defined as the angle from horizontal polarization (i.e., electric field vector parallel to satellite track) where PRIVATE

is the scan angle from nadir. In this table, the polarization angle is horizontal when the angle indicated is ( 
and vertical when 90-(.

2.2
Preprocessing

Operation of the various satellite data processing systems is principally the responsibility of NOAA/NESDIS' Information Processing Division (IPD). Data are ingested into IPD's Central Environmental Satellite Computer System (CEMSCS) from the Satellite Operations and Control Center (SOCC). The CEMSCS Polar Data Processing System (PDPS) consists of components such as pre-launch activities, ingest, pre-processing, calibration, navigation, product generation and archive. 

The software systems that are implemented, operated and maintained, are in the following functional categories: Ingest (Level 1a), satellite data set processing (Pre-Processing Level 1b), product processing, archiving, QC-monitoring, navigation and earth-location, data communications, and calibration (pre- and post-launch). 

Special purpose hardware/software is used to receive (ingest) data into the CEMSCS.  Basically, the ingest system accomplishes the function of transforming the satellite Level 0 to a more processing friendly Level 1a data set as follows: 

1. Accepts and synchronizes frames of Level 0 satellite data 

2. First level quality control of data stream, filling data gaps as necessary. Generation and forwarding of a data quality/status file. 

3. Extracting AVHRR and AIP data from Level 0 data and formatting to a Level 1a. These two data sets are made available for the process of Level 1b transformation. 

4. Generation of a unique data set name, which includes an orbit number and time duration of the pass 

Data pre-processing is a set of functions which combine to create the Level 1b/1b* data sets. The software formats, error checks, calibrates, and appends earth locations and otherwise manages the ingested data. Raw spacecraft data are processed via Polar Acquisition and Control Subsystems (PACS) and made available to the Pre-Processing operation via the Ingest System as Level 1a data sets. The transformation of ingested data of Level 1a format into one or more data sets of Level 1b format primarily consists of the addition of instrument calibration coefficients and earth location information to the raw data stream. The transformation also provides supplemental data about the calibration process and thus indirectly about the instruments onboard the satellite. 

MSPPS receives 1b* data, however, the 1b* data, which are in IBM MVS format, must be converted to the IEEE standard format within MSPPS.  The 1b* data are Earth-located counts with calibration coefficients appended.

2.3
Verification Data


Since similar products are produced from the SSM/I, NESDIS/ORA has more than a decade of experience in SSM/I product verification and validation.  Thus, for all products, comparable SSM/I products are one verification source.  SSM/I data are used both for near-real time product monitoring and for product validation and verification.  An ever-increasing suite of in-situ, remotely-sensed, and model-output data are being used in product validation and verification. 

2.3.1
  Total Precipitable Water

a.
Global Data Assimilation System (GDAS): Daily average TPW data for qualitative comparisons.

b.
SSM/I: Five-day zonal averages (over the ocean) for F13 and F15. 

c.
AMSR-E: Five-day zonal averages; comparison with NOAA-16 on the AMSR-E web site. (Note: maintained by ORA contractor)

2.3.2
  Cloud Liquid Water

a.
         SSM/I: Five day zonal averages (over the ocean) for F13 and F15. 

b. 

AMSR-E: Five-day zonal averages; comparison with NOAA-16 on the AMSR-E web site. (Note: maintained by ORA contractor)

2.3.3
  Rain Rate

a.
NCEP Stage IV hourly rainfall analyses.  An optimal interpolation analysis of NEXRAD and rain gauge data.

b.
SSM/I: F13 and F15 five-day zonal average rainfall data over land and oceans, respectively.




2.3.4
  Snow Cover

a.
SSM/I: Hemispheric and global snow-cover percentage comparisons with F13 and F15.

2.3.5  
Sea Ice Concentration

a.
SSM/I: Hemispheric and global sea-ice cover and sea-ice concentration percentage comparisons with F13 and F15.

b.
         NCEP/EMC/OMB sea-ice concentration.

2.3.6  
Emissivity 

No on-line verification tools at present.

2.3.7
  Land Surface Temperature 

No on-line verification tools at present.

2.3.8  
Ice-Water Path 

No on-line verification tools at present.

2.3.9  Falling Snow 

No on-line verification tools at present.

2.3.10 
Snow Water Equivalent 

No on-line verification tools at present.

2.4
Ancillary Data

2.4.1
AMSU-A

a. The Navy 10-minute land/sea database was processed to eliminate small lakes.

b.
Across-track asymmetry corrections to ATs over the ocean for Channels 1 and 2 computed dynamically.

c. SSM/I climatology rainfall data to aid in screening false signatures of deserts.

d.
NCEP Aviation (GFS) Model output.

2.4.2
AMSU-B

For NOAA-15, since its launch, the three high-gain antennas connected to three of the four NOAA-15 transmitters (STX), specifically STX-1, STX-2 and STX-3, have experienced increasing performance degradation. NOAA/NESDIS has reconfigured the spacecraft in an effort to maintain many of the missions of NOAA-15.  At 0100 UTC on 28 September 1999, NOAA/NESDIS moved the HRPT service from STX-1 to the STX-2 OMNI antenna (1702.5 MHz). Because of these antenna interference problems, all MSPPS AMSU-B ATs produced from Level-1b* AMSU-B data from NOAA-15 between launch and October 2, 1999 should be considered unusable.  As of this date, numerous updated RFI correction tables have been implemented. The AMSU-B 1b* counts are not corrected for RFI contamination; however, the calibration coefficients are based on RFI-corrected warm and cold calibration counts.  Therefore, MSPPS applies the latest RFI correction values to each Earth-view measure count before calculating radiances and antenna temperatures.  For NOAA-16, there does not appear to be any detectable RFI contamination. NOAA-17 also requires RFI corrections.

a.
The Navy 10-minute land/sea database was processed to eliminate small lakes.

b.
SSM/I climatology rainfall data to aid in screening false signatures of deserts.

c.
NCEP Aviation (GFS) Model output.

d. RFI corrections for NOAA-15 AMSU-B

e. RFI corrections for NOAA-17 AMSU-B

3. System Outputs


The current operational products are summarized in Table 4.

Table 4: MSPPS Day-2 Products
	Instrument
	Product
	Coverage
	Format
	Projection
	Resolution
	Binning

	AMSU A
	ATs
	Global
	HDF-EOS Swath
	---
	FOV
	---

	
	Sea Ice
	Ocean
	HDF-EOS Swath
	---
	FOV
	---

	
	TPW
	Ocean
	HDF-EOS Swath
	---
	FOV
	---

	
	CLW
	Ocean
	HDF-EOS Swath
	---
	FOV
	---

	
	Sfc. Temp.
	Land
	HDF-EOS Swath
	---
	FOV
	---

	
	Emissivity Ch. 1
	Land
	HDF-EOS Swath
	---
	FOV
	---

	
	Emissivity Ch. 2
	Land
	HDF-EOS Swath
	---
	FOV
	---

	
	Emissivity Ch. 3
	Land
	HDF-EOS Swath
	---
	FOV
	---

	AMSU B
	ATs
	Global
	HDF-EOS Swath
	---
	FOV
	---

	
	Rain Rate
	Global
	HDF-EOS Swath
	---
	FOV
	---

	
	Snow Cover
	Land
	HDF-EOS Swath
	---
	FOV
	---

	
	Ice Water Path
	Global
	HDF-EOS Swath
	---
	FOV
	---

	
	Snow Water Equivalent
	Land
	HDF-EOS Swath
	---
	FOV
	---

	
	Rain Rate
	Global
	HDF-EOS Grid
	PS
	16th-mesh
	most recent

	
	Snow Cover
	Land
	HDF-EOS Grid
	PS
	16th-mesh
	most recent

	
	Sea Ice
	Ocean
	HDF-EOS Grid
	PS
	16th-mesh
	most recent

	
	Snow Water Equivalent
	Land
	HDF-EOS Grid
	PS
	16th-mesh
	most recent


Note: Falling Snow is added to the Rain Rate field. The minimum AMSU rain rate value is 1.1 mm/hr; the falling snow is given as a value of 0.1. Currently the falling snow is a yes/no product, so there are no limits or scale factors assigned to the falling snow.

3.1 Products
3.1.1 AMSU-A OPG (Level-2/Swath)


AMSU-A product ranges are listed in Table 5.

Table 5: MSPPS AMSU-A Product Ranges

	Product
	Acceptable Range

	AMSU-A ATs
	

	  Channel 1
	125-310 K

	  Channel 2
	125-310 K

	  Channel 3
	150-310 K

	  Channel 4
	170-295 K

	  Channel 5
	190-280 K

	  Channel 6
	190-260 K

	  Channel 7
	190-250 K

	  Channel 8
	180-245 K

	  Channel 9
	175-250 K

	  Channel 10
	170-250 K

	  Channel 11
	175-255 K

	  Channel 12
	180-265 K

	  Channel 13
	190-280 K

	  Channel 14
	195-290 K

	  Channel 15
	130-315 K

	TPW
	0-75 mm

	CLW
	0-6 mm

	Sea-Ice
	0-100%

	Surface Temperature
	150-350 K

	Emissivity Channel 1
	0.3-1.0

	Emissivity Channel 2
	0.3-1.0

	Emissivity Channel 3
	0.3-1.0


HDF-EOS supports metadata.  Currently, AMSU-A Swath files have metadata in the form of HDF attributes as listed in Table 6. 

Table 6: AMSU-A HDF-EOS Swath Attributes
	Parameter Name
	Data Type
	Explanation

	AT_Limits
	R*4, 15x2 array
	lower and upper limits of AMSU-A antenna temperatures (K)

	TPW_Limits
	R*4, 1x2 array
	lower and upper limits of total precipitable water (mm)

	CLW_Limits
	R*4, 1x2 array
	lower and upper limits of cloud liquid water (mm)

	SIce_Limits
	R*4, 1x2 array
	lower and upper limits of sea ice concentration (%)

	TS_Limits
	R*4, 1x2 array
	lower and upper limits of surface temperature (K)

	EM23_Limits
	R*4, 1x2 array
	lower and upper limits of emissivity at 23.8 GHz

	EM31_Limits
	R*4, 1x2 array
	lower and upper limits of emissivity at 31.4 GHz

	EM50_Limits
	R*4, 1x2 array
	lower and upper limits of emissivity at 50.3 GHz

	Rain_Limits1
	R*4, 1x2 array
	lower and upper limits of rain rate (mm/hr)

	SNowC_Limits1
	R*4, 1x2 array
	lower and upper limits of snow cover

	AT_SCAL
	R*4, scalar
	scaling factor of antenna temperature

	TPW_SCAL
	R*4, scalar
	scaling factor of total precipitable water

	CLW_SCAL
	R*4, scalar
	scaling factor of cloud liquid water

	SICE_SCAL
	R*4, scalar
	scaling factor of sea ice concentration

	TS_SCAL
	R*4, scalar
	scaling factor of surface temperature

	EM_SCAL
	R*4, scalar
	scaling factor of emissivity

	RR_SCAL1
	R*4, scalar
	scaling factor of rain rate

	SNOWC_SCAL1
	R*4, scalar
	scaling factor of snow cover

	Epoch_year
	I*2, scalar
	epoch year

	Epoch_day
	I*2, scalar
	epoch day

	Epoch_time
	I*4, scalar
	epoch time

	semimajor_axis
	R*4, scalar
	semi-major axis

	eccentricity
	R*4, scalar
	eccentricity

	inclination
	R*4, scalar
	inclination

	argument_of_perigee
	R*4, scalar
	argument of perigee

	right_ascension
	R*4, scalar
	right ascension

	mean_anomaly
	R*4, scalar
	mean anomaly


Table 7 provides the data output contained in the AMSU-A HDF-EOS Swath files. 

Table 7: AMSU-A HDF-EOS Swath
	Parameter Name
	Data Type
	Explanation

	ScanTime_year
	I*2 (Geo) 1D
	Calendar year 4 digits (1999)

	ScanTime_month
	I*1 (Geo) 1D
	Month of year (1-12)

	ScanTime_dom
	I*1 (Geo) 1D
	Day of month (1-31)

	ScanTime_hour
	I*1 (Geo) 1D
	Hour of day (0-23)

	ScanTime_minute
	I*1 (Geo) 1D
	Minute of hour (0-59)

	ScanTime_second
	I*1 (Geo) 1D
	Second of minute (0-59)

	ScanTime_doy
	I*2 (Geo) 1D
	Day of year (1-366)

	Latitude
	R*4 (Geo) 1D
	-90 to 90

	Longitude
	R*4 (Geo) 1D
	-180 to 180

	Time (TAI93)
	R*8 (Geo) 1D
	Number of seconds and fractions since 0000 Jan. 1, 1993

	Sfc_type Type 
	I*1 (Data) 2D
	Surface Type: 0=ocean, 1=land, 2=coast

	Orbit_mode
	I*1 (Data) 1D
	Orbit direction: 1=ascending, 2=descending

	LZ_angle
	R*4 (Data) 2D
	Local zenith angle 

	SZ_ angle
	R*4 (Data) 2D
	Solar zenith angle

	Chan1_AT
	I*2 (Data) 2D (scale x100)
	Channel 1 Antenna Temperature

	Chan2_AT.
	I*2 (Data) 2D (scale x100)
	Channel 2 Antenna Temperature

	Chan3_AT.
	I*2 (Data) 2D (scale x100)
	Channel 3 Antenna Temperature

	Chan4_AT
	I*2 (Data) 2D (scale x100)
	Channel 4 Antenna Temperature

	Chan5_AT
	I*2 (Data) 2D (scale x100)
	Channel 5 Antenna Temperature

	Chan6_AT
	I*2 (Data) 2D (scale x100)
	Channel 6 Antenna Temperature

	Chan7_ AT
	I*2 (Data) 2D (scale x100)
	Channel 7 Antenna Temperature

	Chan8_AT
	I*2 (Data) 2D (scale x100)
	Channel 8 Antenna Temperature

	Chan9_AT
	I*2 (Data) 2D (scale x100)
	Channel 9 Antenna Temperature

	Chan10_AT
	I*2 (Data) 2D (scale x100)
	Channel 10 Antenna Temperature

	Chan11_AT
	I*2 (Data) 2D (scale x100)
	Channel 11 Antenna Temperature

	Chan12_AT
	I*2 (Data) 2D (scale x100)
	Channel 12 Antenna Temperature

	Chan13_AT
	I*2 (Data) 2D (scale x100)
	Channel 13 Antenna Temperature

	Chan14_AT
	I*2 (Data) 2D (scale x100)
	Channel 14 Antenna Temperature

	Chan15_AT
	I*2 (Data) 2D (scale x100)
	Channel 15 Antenna Temperature

	TPW
	I*2 (Data) 2D (scale x10)
	Total Precipitable Water (mm * 10)

	CLW
	I*2 (Data) 2D (scale x100)
	Cloud Liquid Water (mm * 100)

	Sice
	I*2 (Data) 2D
	Sea Ice Concentration (%)

	T_sfc
	I*2 (Data) 2D (scale x100)
	Surface Temperature (K)

	Emis_23
	I*2 (Data) 2D (scale x100)
	Emissivity  at 23.8 GHz

	Emis_31
	I*2 (Data) 2D (scale x100)
	Emissivity  at 31.4 GHz

	Emis_50
	I*2 (Data) 2D (scale x100)
	Emissivity  at 50.3 GHz


For NCEP, an output file in binary format is also created.  The file format is depicted in Table 8.

Table 8: AMSU-A Binary Swath

Header Record:

	Parameter Number
	Data Type
	Explanation

	1
	I*4
	Number of scan lines in the orbit

	2
	I*4
	Number of field-of-views in each scan line

	3
	I*4
	Starting time of the orbit in second

	4
	I*4
	Ending time of the orbit in second


Data Fields:

	Number
	Data Type
	Explanation

	1
	R*4
	Scan time of the scan line in second

	2
	R*4
	Latitude of each pixel

	3
	R*4
	Longitude of each pixel

	4
	R*4
	Total Precipitable Water of each pixel in mm

	5
	R*4
	Cloud Liquid Water of each pixel in mm

	6
	R*4
	Sea Ice Cover of each pixel in percentage

	7
	R*4
	Skin Temperature of each pixel in Kelvin scale

	8
	R*4
	Emissivity of 23.8 GHz (1st channel) of each pixel

	9
	R*4
	Emissivity of 31.4 GHz (2nd channel) of each pixel

	10
	R*4
	Emissivity of 50.3 GHz (3rd channel) of each pixel


3.1.2 AMSU-B OPG (Level-2/Swath)


AMSU-B product ranges are listed in Table 9.

Table 9: MSPPS AMSU-B Product Ranges

	Product
	Acceptable Range

	AMSU-B ATs
	

	  Channel 1
	75-325 K

	  Channel 2
	75-325 K

	  Channel 3
	75-325 K

	  Channel 4
	75-325 K

	  Channel 5
	75-325 K

	Rain Rate
	0-30 mm/hr

	Falling Snow (see note)
	Yes / No

	Snow Cover
	0 or 100 %

	Ice-Water Path
	0-2 (kg/m2)

	Snow Water Equivalent
	0 to 30 cm 


Note: Falling Snow is added to the Rain Rate parameter –see note Table 4.

Table 10 provides the attributes (metadata) contained in the AMSU-B HDF-EOS Swath files.

Table 10: AMSU-B HDF-EOS Swath Attributes

	Parameter Name
	Data Type
	Explanation

	AT_Limits
	R*4, 5x2 array
	lower and upper limits of AMSU-B antenna temperatures (K)

	RR_Limits
	R*4, 1x2 array
	lower and upper limits of rain rate (mm/hr)

	SNOW_Limits
	R*4, 1x2 array
	lower and upper limits of snow cover

	IWP_Limits
	R*4, 1x2 array
	lower and upper limits of ice water path (kg/m2)

	SWE_Limits
	R*4, 1x2 array
	lower and upper limits of snow water equivalent

	AT_SCAL
	R*4, scalar
	scaling factor of antenna temperature

	RR_SCAL
	R*4, scalar
	scaling factor of rain rate

	SNOW_SCAL
	R*4, scalar
	scaling factor of snow cover

	IWP_SCAL
	R*4, scalar
	scaling factor of ice water path

	SWE_SCAL
	R*4, 1x2 array
	scaling factor of snow water equivalent

	Epoch_year
	I*2, scalar
	epoch year

	Epoch_day
	I*2, scalar
	epoch day

	Epoch_time
	I*4, scalar
	epoch time

	semimajor_axis
	R*4, scalar
	semi-major axis

	eccentricity
	R*4, scalar
	eccentricity

	inclination
	R*4, scalar
	inclination

	argument_of_perigee
	R*4, scalar
	argument of perigee

	right_ascension
	R*4, scalar
	right ascension

	mean_anomaly
	R*4, scalar
	mean anomaly


Note:  Falling Snow product is added to Rain Rate Parameter – see note Table 4.

Table 11 provides the data output contained in the AMSU-B HDF-EOS Swath files.

Table 11: AMSU-B HDF-EOS Swath

	Parameter Name
	Data Type
	Explanation

	ScanTime_year
	I*2 (Geo) 1D
	Calendar year 4 digits (1999)

	ScanTime_month
	I*1 (Geo) 1D
	Month of year (1-12)

	ScanTime_dom
	I*1 (Geo) 1D
	Day of month (1-31)

	ScanTime_hour
	I*1 (Geo) 1D
	Hour of day (0-23)

	ScanTime_minute
	I*1 (Geo) 1D
	Minute of hour (0-59)

	ScanTime_second
	I*1 (Geo) 1D
	Second of minute (0-59)

	ScanTime_doy
	I*2 (Geo) 1D
	Day of year (1-366)

	Latitude
	R*4 (Geo) 2D
	-90.0 to 90.0

	Longitude
	R*4 (Geo) 2D
	-180.0 to 180.0

	Time (TAI93)
	R*8 (Geo) 1D
	Number of seconds and fractions since 0000 Jan. 1, 1993

	Sfc_type 
	I*1 (Data) 2D
	Surface Type: 0=ocean, 1=land, 2=coast

	Orbit_mode
	I*1 (Data) 1D
	Orbit direction: 1=ascending, 2=descending

	LZ_angle
	R*4 (Data) 2D
	Local zenith angle

	SZ_ angle
	R*4 (Data) 2D
	Solar zenith angle

	Chan1_AT
	I*2 (Data) 2D (scale x100)
	Channel 1 Antenna Temperature

	Chan2_AT.
	I*2 (Data) 2D (scale x100)
	Channel 2 Antenna Temperature

	Chan3_AT.
	I*2 (Data) 2D (scale x100)
	Channel 3 Antenna Temperature

	Chan4_AT
	I*2 (Data) 2D (scale x100)
	Channel 4 Antenna Temperature

	Chan5_AT
	I*2 (Data) 2D (scale x100)
	Channel 5 Antenna Temperature

	RR
	I*2 (Data) 2D (scale x10)
	Rain Rate (mm/hr)

	Snow
	I*2 (Data) 2D (scale x100)
	Snow Cover

	IWP
	I*2 (Data) 2D (scale x10)
	Ice Water Path (kg/m2)

	SWE
	I*2 (Data) 2D (scale x100)
	Snow Water Equivalent


Note:  Falling Snow product is added to Rain Rate Parameter – see note Table 4.

For NCEP, an output file in binary format is also created.  The file format is depicted in Table 12.

Table 12: AMSU-B Binary Swath

Header Record:

	Parameter Number
	Data Type
	Explanation

	1
	I*4
	Number of scan lines in the orbit

	2
	I*4
	Number of field-of-views in each scan line

	3
	I*4
	Starting time of the orbit in second

	4
	I*4
	Ending time of the orbit in second


Data Fields:

	Number
	Data Type
	Explanation

	1
	R*4
	Scan time of the scan line in second

	2
	R*4
	Latitude of each pixel

	3
	R*4
	Longitude of each pixel

	4
	R*4
	Rain Rate of each pixel in mm/hr

	5
	R*4
	Snow Cover of each pixel

	6
	R*4
	Ice Water Path of each pixel in kg/m2

	7
	R*4
	Snow Water Equivalent of each pixel in cm


Note:  Falling Snow product is added to Rain Rate Parameter – see note Table 4.

3.1.3
AMSU-B MOP (Level-3/Grid)

Table 13 lists the AMSU-B HDF-EOS Grid output. 
Table 13: AMSU-B HDF-EOS Grid

	Parameter Name
	Data Type
	Explanation

	North_year  
	I*2 (Geo) 1D
	Calendar year 4 digits (e.g., 1999)

	North_moy  
	I*1 (Geo) 1D
	Month of year (1-12)

	North_dom  
	I*1 (Geo) 1D
	Day of month (1-31)

	North_doy 
	I*2 (Geo) 1D
	Day of year (1-366)

	North_hour  
	I*1 (Geo) 1D
	Hour of day (1-24)

	North_minute 
	I*1 (Geo) 1D
	Minute of hour (1-60)

	North_second 
	I*1 (Geo) 1D
	Second of minute (1-60)

	North_lat
	R*4 (Geo) 2D
	Latitude (-90 to 90)

	North_lon
	R*4 (Geo) 2D
	Longitude (--180 to 180)

	North_Snow
	I*2 (Data) 2D
	Snow Cover

	North_SIce
	I*2 (Data) 2D
	Sea ice concentration (%)

	North_SWE
	I*2 (Data) 2D
	Snow Water  Equivalent (cm)

	South_year  
	I*2 (Geo) 1D
	Calendar year 4 digits (e.g., 1999)

	South_moy  
	I*1 (Geo) 1D
	Month of year (1-12)

	South_dom  
	I*1 (Geo) 1D
	Month of year (1-12)

	South_doy 
	I*2 (Geo) 1D
	Day of year (1-366)

	South_hour  
	I*1 (Geo) 1D
	Hour of day (1-24)

	South_minute 
	I*1 (Geo) 1D
	Minute of hour (1-60)

	South_second 
	I*1 (Geo) 1D
	Second of minute (1-60)

	South_lat
	R*4 (Geo) 2D
	Latitude (-90 to 90)

	South_lon
	R*4 (Geo) 2D
	Longitude (--180 to 180)

	South_Snow
	I*2 (Data) 2D
	Snow Cover

	South_SIce
	I*2 (Data) 2D
	Sea ice concentration (%)

	South_SWE
	I*2 (Data) 2D
	Snow Water  Equivalent (cm)


Note:  Falling Snow product is added to Rain Rate Parameter – see note Table 4.

tc \l2 "3.2
Archives (missing)

tc \l2 "3.3
Quality Control Output (missing)
4.
Processing System Description

Operational MSPPS includes three integrated subsystems:

•
AMSU-A Orbital Products Generation
(OPG)

•
AMSU-B OPG

•
AMSU-B Mapped Orbital Products (MOP)


Briefly, the purposes of these subsystems are:

AMSU-A OPG: To convert the AMSU-A 1b* from IBM MVS to IEEE format,; read the AMSU-A 1b*and ancillary data files; compute antenna temperatures and geophysical products; and store them in HDF-EOS Swath files (with compression). 

AMSU-B OPG: To convert the AMSU-B 1b* from IBM MVS to IEEE format; read the  AMSU-B 1b*, AMSU-A HDF-EOS Swath files, and ancillary data files; compute AMSU-B antenna temperatures; and store the AMSU-B antenna temperatures and ancillary data in AMSU-B HDF-EOS Swath files (with compression).  Reads the relevant AMSU-A ATs and geophysical products from the AMSU-A Swath file and the AMSU-B Swath file from the previous step; computes the AMSU-B geophysical products; and stores the AMSU-B antenna temperatures and geophysical products in AMSU-B HDF-EOS Swath files (with compression).
AMSU-B MOP: To perform, on a real-time (orbital) frequency, global mapping and output the mapped snow and sea-ice products (and related data) to a 16th-mesh polar stereographic projection.  The MOP will satisfies those requirements that necessitate the mapped products be updated orbitally.  Output files are in HDF-EOS Grid format (with compression).

PV/M (research system): To validate and monitor the quality of the products using SSM/I products as the baseline for comparison.  Based on AMSU calibration/validation results using the PV subsystem, NCEP model output, other analyses, and "ground-truth" data are included in this subsystem.  Currently, SSM/I, GDAS, and NCEP Stage IV data are processed during the overnight hours for display on the Home Page and for research system PM purposes.

The major input files of MSPPS are:  

•
AMSU-A and -B 1b* files

•
SSM/I SDR and EDR orbital files (Research System PM/PV) 

•
Ancillary data (land/sea database)

•
AMSU-A Asymmetry correction parameters

•
AMSU-B radio frequency interference (RFI) correction tables (NOAA-15 & -17)

•
SSM/I Climatological Rainfall Data sets

•
Aviation (GFS) Model fields

The major output files of operational MSPPS are:

•
Level-2 AMSU-A and AMSU-B ATs and geophysical products in HDF-EOS Swath format and in binary format for transfer to NCEP and conversion to BUFR.

•
Level-3 orbitally mapped rain rate, snow, snow water equivalent, and sea-ice products in HDF-EOS Grid format. 

•
Log files

•
Error files (contains timing information, if successful)




The intention in the design of MSPPS was to have a system that was state-of-the-art, flexible, highly efficient, and minimized redundant developmental work.  I/O is minimized resulting in exceptional processing times.  Using the internal compression capabilities of HDF-EOS, file size is minimized.  Using the flexible and self-defining nature of HDF-EOS, MSPPS files do not require spares (note that more than one-third of the current AMSU-B 1B* file contains just spares).  MSPPS treats input and output scan lines as structures so that an orbit of data is just an array of structures which are stored entirely in memory permitting subsystem wall time to be approximately equal to CPU time.  By adopting HDF-EOS as its standard format, MSPPS can exploit an extensive list of utilities and visualization software thus nearly eliminating costly development of one-of-a-kind software whose functions are available in other available software.

tc \l2 "4.1
AMSU-A Orbital Product Generation (OPG)

tc \l2 "2.1
AMSU-A Orbital Product Generation (OPG)AMSU-A 1b* orbital files are FTP'd from the CEMSCS to the MSPPS workstation.  A shell script processes new files.  The AMSU 1b* files contain character data and real numbers.  Unfortunately, these files are also created on a computer, CEMSCS, which is not IEEE compliant.  Therefore, a program executes to convert the 1b* files to the appropriate representation, IEEE, for Linux.  However, because MSPPS is running on a Linux machine, a byteswapper program and an ASCII text formatted AMSU-A structure file, must reside in the same location where the 1b* IBM to IEEE conversion executable file resides.  The byteswapper program relies on the ASCII text formatted AMSU-A structure file to swap bytes within the 1b* IBM formatted file before the IBM to IEEE file format conversion can take place.  

tc \l3 "2.1.1
AMSU-A OPG Overall CapabilityThis subsystem generates the AMSU-A antenna temperatures and geophysical products for the AMSU-A Swath files.    AMSU-A OPG accesses the AMSU-A 1b* data sets, and computes the antenna temperatures and geophysical products, and stores them (and related time, scan, and earth-location information) in the AMSU-A HDF-EOS Swath files.  For conversion to BUFR at NCEP, the geophysical products and selected ancillary data are also being output as binary files.

AMSU-A and -B are cross-track scanning instruments with FOVs that range widely from near nadir to extreme scan angle.  The proper identification of significantly different surface types (e.g. land/water/sea ice) within one FOV is critical for quality control.  Various approaches have been attempted. The current approach determines surface type (land/sea/coast) dynamically for each FOV based on a database that was created offline.  A different static database is used for the snow cover product. This second database eliminates many more small water bodies than the one used for the other products. This database was constructed from the University of Bristol land/sea database with small lakes filtered out. 

Several changes have been made to quality control (QC).  The first QC decision is to check relevant flags in the 1b*.  Two that are checked are the “quality_indicator_bit_field” and the “do_not_use_scan” flags.  Both of these flags apply to the entire scan line.  If either flag is non-zero, all product values for that scan line are set to "bad" and processing skips to the next scan line.  After this check, QC proceeds to the ATs.  "Gross" limit checks, as indicated in Table 9, are made.  In 12/98, a requirement was added that if any Channel is out of limits for just one FOV, everything (ATs and geophysical products) is set as missing for the entire scan line.  Subsequently, NOAA-15 Channel 14 had several periods when it was outside limits; therefore, the requirement was slightly relaxed.  Now, for specified channels (currently NOAA-15 Channels 1-10, 13, and 15), if just one value for one FOV is bad, all Channel ATs are flagged as bad (missing) for the entire scan line ATs. Subsequently, QC “gross limit” checks are made on the geophysical products.  Based on analysis of NOAA-15 AMSU-A data, asymmetries in ATs between equivalent scan angles on opposite sides of scan were detected. Similar effects were observed for NOAA 16 and NOAA-17. Currently, a dynamic method is used to mitigate the asymmetry over the ocean.  Requirements specify that the AT asymmetry corrections be made to the ATs used in geophysical product generation, but that the original ATs be written to the Swath files and archived. 

 4.2
AMSU-B Orbital Product Generation (OPG)

tc \l2 "2.4
AMSU-B Orbital Product Generation (OPG)AMSU-B 1b* orbital files are FTPed from CEMSCS to the MSPPS workstation and a script initiated on the Linux to begin the AMSU-B OPG subsystem.  The AMSU-B 1b* files are created on the CEMSCS, and the format of the 1b* contains character data and real numbers.  Therefore, a program is run to convert the 1b* files from IBM format to IEEE format.  However, because MSPPS is running on the Linux platform, a byteswapper program along with the associated ASCII text formatted AMSU-B structure file, needs to reside in the same location where the 1b* IBM to IEEE conversion executable file resides.   The byteswapper program relies on the ASCII text formatted AMSU-B structure file to swap bytes within the 1b* IBM file before the IBM to IEEE file format conversion can take place.  

tc \l3 "2.4.1
AMSU-B OPG Overall CapabilityThe basic purpose of this subsystem is to generate the AMSU-B antenna temperatures and geophysical products for the AMSU-B FOVs.  AMSU-B OPG accesses the AMSU-B 1b* data sets, computes the antenna temperatures, accesses AMSU-A Swath files, produces geophysical products, and stores them (and related time, scan, and earth location information) into the AMSU-B HDF-EOS Swath files.  For NOAA-15 and NOAA-17, because of RFI contaminated counts which are not corrected in the 1b* processing, this subsystem must also do the RFI correction.  Note: AMSU-B OPG uses AMSU-A data as well as AMSU-B data.  

4.3
AMSU-B Mapped Orbital Products (MOP)

Currently the only requirement for orbitally mapped products is for AMSU-B sixteenth-mesh polar stereographic projection (PS Grid) to have rain rate, snow cover, snow water equivalent, and sea ice products in HDF-EOS Grid format.  The file is overwritten tc \l3 "2.2.1
AMSU-A MOP Overall Capabilityorbitally.

Briefly, the process is as follows: read the old sixteenth-mesh PS Grid file; read the new AMSU-A Swath files to get the required products; assign the data to AMSU-B FOVs; read the new AMSU-B Swath files; update the sixteenth-mesh PS arrays of data; and write the updated arrays to the HDF-EOS Grid file. 

4.4  
Data Flow (missing)
4.5 
System Management (missing)
5.
Algorithm Description


Table 14 provides a summary of channel usage.

Table 14: Algorithm Channel Usage

	Channel

(Ghz)
	AMSU A/B
	TPW
	CLW
	Sea Ice
	Surface Temp.
	Emissivity
	Rain

Rate
	Falling

Snow
	IWP 
	Snow

Cover
	SWE

	23.800
	A
	P
	P
	P
	P
	P
	P
	P
	P
	P
	P

	31.400
	A
	P
	P
	P
	P
	P
	P
	
	P
	P
	P

	50.300
	A
	S
	S
	P
	P
	P
	
	
	
	S
	

	52.800
	A
	
	
	
	
	
	
	P
	
	P
	

	53.600
	A
	
	
	
	
	
	
	P
	
	P
	

	54.400
	A
	
	
	
	
	
	
	
	
	
	

	89.000
	A
	
	
	
	S
	S
	
	
	
	
	

	89.000
	B
	
	
	
	
	
	P
	P
	P
	P
	P

	150.000
	B
	
	
	
	
	
	P
	P
	P
	P
	

	183.310±1.000
	B
	
	
	
	
	
	P
	P
	
	
	

	183.310±3.000
	B
	
	
	
	
	
	P
	P
	
	P
	

	183.310±7.000
	B
	
	
	
	
	
	P
	P
	P
	
	


where:
 P = Primary Channels for the Retrieval Algorithms

S = Screening Channels

Of note is the use of AMSU-A channels and geophysical products in algorithms at the AMSU-B FOV.

5.1 AMSU-A

Counts are converted to radiances then to antenna temperatures.  A study of preliminary TPW algorithm results and antenna temperatures over the ocean indicated there are across-track biases for AMSU-A Channels 1 to 3, and 15.  An asymmetry correction is applied to the antenna temperatures of Channels 1 and 2 for the TPW and CLW algorithms (however, the original antenna temperatures are written to the output file).  Input for all AMSU-A algorithms: land/sea type, selected AMSU-A antenna temperatures, and local zenith angle.

5.1.1 Asymmetry and Nadir Bias Corrections 

Asymmetry corrections and a nadir bias correction are applied to all ATs used in the ocean algorithms, but not to ATs in the land algorithms.  Also, the original ATs are saved in the Swath files, not the corrected ATs. 

coe = a0 e-(-a1 / a2) ^2 /2 + a3 + a4+ a52
atconnected = atoriginal + coe

            where  is the local zenith angle (LZA)

The asymmetry and nadir bias corrections are located in the corr_para.dat static file.

5.1.2 Total Precipitable (updated on Mar. 4, 2005) and Cloud Liquid Water

Currently, CLW and TPW are determined “semi-jointly” from AMSU-A Channels 1 and 2.

TPW - Total Precipitable Water

CLW - Cloud Liquid Water

These are ocean algorithms for TPW and CLW. 

        L = a0{ln[Ts - TB2] - a1ln[Ts - TB1] - a2} 

        V = b0{ln[Ts - TB2] - b1ln[Ts - TB1] - b2} 

where L is vertically integrated cloud liquid water (L = 0Ldz); V is vertically integrated water vapor (V = 0Vdz); and 
        a0 = -0.5V23 / (V23L31 - V31L23) 
        a1 = V31 / V23
        a2 = -2.0(o31 - a1o23) /  + (1.0 - a1)ln(Ts) + ln(1.0 - 31) - a1ln(1.0 - 23)
        b0 = 0.5L23 / (V23L31 - V31L23) 
        b1 = L31 / L23
        b2 = -2.0(o31 - b1o23) /  + (1.0 - b1)ln(Ts) + ln(1.0 - 31) - b1ln(1.0 - 23)

where  is sea surface emissivity; V is water vapor mass absorption coefficient; and L is cloud liquid water mass absorption coefficient. Coefficient V can be derived from the following relationship

        V = V V

There is a similar relationship for coefficient L:

        L = L L

Using Rayleigh's approximation, one can express L in terms of cloud layer temperature, TL, as

        L = aL + bL TL + cL TL2
Oxygen optical thickness is parameterized as a function of sea surface temperature through

        o = ao + bo Ts

The following is a table of the parameters calculated at two AMSU-A channels. They are used in the water vapor and cloud liquid water algorithms. 
Table 15: Cloud Liquid Water Coefficients
	 
	23.8 GHz
	31.4 GHz

	V
	4.80423E-3
	1.93241E-3

	L: a1
	1.18201E-1
	1.98774E-1

	L: b1
	-3.48761E-3
	-5.45692E-3

	L: c1
	5.01301E-5
	7.18339E-5

	o: ao
	3.21410E-2
	5.34214E-2

	o: bo
	-6.31860E-5
	-1.04835E-4


TPW Algorithm Update 

(last updated on March 4, 2005)


The Day-2 TPW algorithm (see above) suffered from a strong angular dependence, where there was considerable drop off in retrieved TPW away from nadir. This was caused by sensor performance differences from radiative transfer calculations and related to the asymmetry seen at channels 1 and 2. In addition, there was an overall positive bias, primarily due to contamination from cloud water. The only reliable means of adjusting the TPW algorithm is through statistical matches between the AMSU values and those calculated from radiosondes. Two regression functions are applied to the original AMSU TPW to address these two issues. To make effective corrections, data are grouped into three categories: no rain (CLW < 0.2 mm), medium rain (0.2 mm  CLW < 0.8 mm), and high rain (CLW  0.8 mm). TPW is corrected with different functions for each satellite and each category. 
    Denoting the original AMSU TPW as P0 and the corrected AMSU TPW as P, then the correction equations are
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The coefficients a1 to a6 for each satellite are given in Table 16.

Table 16. TPW Correction Coefficients

	CLW < 0.2 mm

	
	a1
	a2
	a3
	a4
	a5
	a6

	NOAA-15
	-13.4980
	12.5570
	-1.7715
	-2.3495
	1.1183
	3.6658

	NOAA-16
	-2.2682
	-2.7575
	3.0643
	-1.8448
	1.1009
	2.5731

	NOAA-17
	-3.1872
	0.6867
	0.9997
	-1.9449
	1.1079
	2.3839

	0.2 mm ≤ CLW < 0.8 mm

	
	a1
	a2
	a3
	a4
	a5
	a6

	NOAA-15
	18.0600
	-28.6160
	9.9499
	-1.8668
	1.0896
	2.7365

	NOAA-16
	44.7000
	-73.1420
	27.9600
	-2.6990
	1.1161
	4.4550

	NOAA-17
	24.4580
	-36.9190
	11.9334
	-1.2453
	1.0537
	2.0190

	CLW ≥ 0.8 mm

	
	a1
	a2
	a3
	a4
	a5
	a6

	NOAA-15
	39.1740
	-78.0370
	34.0813
	4.9075
	0.9904
	-18.8649

	NOAA-16
	35.9840
	-79.4060
	37.8766
	-3.9073
	1.2034
	3.9595

	NOAA-17
	21.9450
	-48.9740
	22.5697
	49.8421
	-0.0217
	-142.1647



5.1.2   
Sea-Ice Concentration

Retrieved emissivity at 23.8 GHz (Channel 1) is
 = a + b AT1 + c AT2 + d AT3
where 

a = 1.84 - 0.723 ; 

b = -0.00088; 

c = 0.0066 + 0.0029 ; 

d = -0.00926. 

Emissivity of water is
water = 0.1824 + 0.9048  - 0.6221 2

Emissivity of ice is 

          0.93 if (AT1 - AT2) < 5 K
ice =  0.87 if 5  (AT1 - AT2)  10 K
          0.83 if 10 < (AT1 - AT2) 

Sea ice concentration (%) is computed from 

sice = 100 ( - water) / (ice - water)

Note:
1. Sea ice concentration is set to be zero in the latitude band from -50 to 50.
2. A cutoff value of 30% is applied in the sea ice concentration algorithm.



5.1.3  
Surface Temperature and Sheltered Temperature

The current AMSU surface temperature algorithm is as follows:

[image: image3.emf]


where: 

Ts is the estimated skin temperature, 

TB23, TB31 and TB50 are the AMSU-A brightness temperatures at 23.80, 31.40 and 50.30 GHz frequency channels (AMSU channels 1, 2 and 3, respectively), and 

μ  is the cosine of the zenith angle

The AMSU-based shelter (at 2 m height) temperature retrievals

This current formulation was evaluated for its ability to also retrieve shelter (at 2 m height) air temperatures. The evaluation methodology is summarized below:

· Match-ups were developed between sheltered air temperature observations from surface weather stations and AMSU-estimated skin temperatures from the formulation given above during December and July, 2002. Match-ups included measurements from the three satellites, NOAA-15, -16, and -17, descending and ascending passes (approx. 4-hour sampling interval per day). 

· Surface observations were near-coincident with the AMSU measurements and estimated temperatures, within a ±30 minutes interval. Also, in-situ stations were within 60 km distance from the center of the AMSU pixel. No significant effect was found due to distance and scan angle. 

· The geographic location was a contiguous, relatively flat area in the US between latitudes 90 and 102.5 West and longitudes 31 and 48 North. Resulting number of match-up pairs: 34,164.
In order to remove sources of confusion due to precipitation, snow-cover and wetness, the following screening procedure was applied to the match-ups, which utilized the AMSU-A channels at 23.80, 31.40 and 89 GHz frequencies:

· Removal of snow signatures:

· TB23 <= 262 K AND TB23-TB89 >= 4 K;

· Removal of precipitation: 

· TB23 > 262 K AND TB23-TB89 >= 4 K;
· Removal of wet areas: 

· TB23 > 262 K AND TB23-TB89 <= -8.0 K;     

As a result, the resulting match-up pairs was reduced to 27, 477 (6687 match-up pairs removed). 

Statistical analysis indicated that a) screening or the filtering algorithm improved comparison statistics significantly, and b) best-fit quadratic relationships were found between the sheltered-observed and the AMSU estimated skin temperatures. Statistics were computed between sheltered-observed and estimated skin temperatures retrieved (referred to as “uncorrected”), and between sheltered-observed and sheltered-estimated air temperatures after the regression coefficients were applied to the estimated skin temperatures (referred to as “corrected”). Regression coefficients and summary statistics for filtered match-up pairs are summarized in Table 17 below. As seen, as a result of the application of the regression coefficients for each satellite pass (6 sets), the sheltered-air temperature is retrieved from AMSU measurements without bias and with an estimated mean error of about 2 K. Operationally, the sheltered-air temperature using the current AMSU algorithm is retrieved as follows:

1. Apply the screening algorithm to the AMSU measurements (described above) to remove precipitation, snow-cover and wetness areas, 

2. Over screened (filtered) areas, estimate the skin temperature Ts from the AMSU using the current formulation (described above), 

3. Depending on the satellite pass, apply the appropriate regression coefficients to the estimated skin temperature, Ts in the quadratic form of a*Ts + b*Ts2 +c, where a, b, and c are given in the table below for each satellite pass. 
Table 17. AMSU-based shelter temperature retrievals summary statistics
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5.1.4   
Emissivity

These are land algorithms for emissivities of three AMSU channels.

i = b0, i + b1, iAT1 + b2, iAT12 + b3, iAT2 + b4, iAT22 + b5, iAT3 + b6, iAT32, I = 1,2,3 


where i is the land emissivity of Channel i, i = 1, 2, 3. 

A table of the coefficients used in the above equations follows:
Table 18: Coefficients Derived for AMSU Channels 1 - 3 Emissivity

	PRIVATE

	b0
	b1
	b2
	b3
	b4
	b5
	b6

	1
	-2.5404E-1
	1.1326E-2
	-1.9479E-5
	-4.5763E-3
	1.7833E-5
	3.2324E-3
	-1.9056E-5

	2
	-2.2606E-1
	3.4481E-3
	-9.7185E-6
	4.3299E-3
	5.3281E-6
	1.8668E-3
	-1.5369E-5

	3
	8.9494E-2
	-3.6615E-3
	-4.2390E-7
	1.0636E-2
	-6.4559E-6
	-4.2449E-4
	-6.6878E-6


5.2 AMSU-B

5.2.1
 Snow Cover

Snow cover is identified by the scattering of high frequency microwaves from ice particles and the fact that scattering reduces the high frequency brightness temperature measurements relatively to the lower frequency measurements. The following two scattering indices (31.4 and 89.0) are used to represent the differences between the lowest frequency (AMSU-A, 23.8 GHz) and the higher frequency channels at 31.4 GHz (AMSU-A) and 89.0 GHz (AMSU-B).

       31.4 = TB1 - TB2 - 2.0
       89.0 = TB1 - TB16 - 3.0

If 31.4 < 3 and TB1  215 K, then the snow type glacial snow is designated. 89.0 is used to identify normal snow cover on land and coast. Snow cover is present if the scattering index 89.0  1. On coast, the AMSU-A 89.0 GHz is used instead of AMSU-B to compute 89.0, to alleviate aliasing effects resulting from differences in resolution between AMSU-A and AMSU-B channels. There are also checks to eliminate false signatures of snow due to precipitation and cold deserts. 

Snow Cover Algorithm Update 

(last updated on Jan 28, 2005)


The new addition to the previous version extends the retrievals of snow cover to areas associated with above-freezing surface temperatures, which were labeled as "indeterminate" to remove confusion from warm rain. This "indeterminate" snow cover was sometimes misclassified as rain by the rain rate algorithm. This problem was solved as follows.

If scattering index 89.0  1, and 262 K  TB1 < 268 K, snow cover is identified when the following set of conditions are met: 

       TB16 - TB17 > 3 and,
       TB5L - TB19 < -7 and, 
       TB5L < 250 

5.2.2 Ice Water Path (updated on Aug 1, 2003)

IWP is retrieved by using the following equations:

       De = a0 + a1 r + a2 r2 + a3 r 3
       N = exp{b0 + b1 ln(De) + b2 [ln(De)]2}
       IWP =  rice si De  / N
where De is the effective particle diameter; r the scattering parameter ratio of 89 GHz and 150 GHz; N the normalized scattering parameter;  the scattering parameter estimated using brightness temperatures at cloud top and base; rice the ice density fractional ratio, rice = 1 is used in the current algorithm; and si the density of solid ice. The regression coefficients ai (i = 0, 1, 2, 3) and bi (i = 0, 1, 2) are listed in the table below. 

Close examination of the Day-2 IWP algorithm, plus user feedback, revealed some weaknesses that have been addressed by this recent algorithm upgrade. Most notably was the unphysical IWP frequency distribution, which had "preferred" retrieval values rather than an expected lognormal distribution. In addition, the values over water appeared to be too high. Further refinement of the retrieval model and coefficients has led to the following changes:

· A two-stream correction to TB89 and TB150 are introduced as a function of local zenith angle.

· The coefficients to calculate De have been adjusted slightly (current values are noted in the table below) as well as the thresholds for using them. 

· Change allowable values of De and  in instances of weak scattering due to uncertainties in their retrieval.

Table 19. Ice Water Path Coefficients
	 
	a0
	a1
	a2
	a3

	
	-0.300323
	4.30881
	-3.98255
	2.78323

	
	b0
	b1
	b2

	De  1 mm
	-0.294459
	1.38838
	-0.753624

	De > 1 mm
	-1.19301
	2.08831
	-0.857469


5.2.3
 Rain Rate (updated on Aug 1, 2003)

Rain rate is computed based on an IWP and rain rate relation derived from the MM5 cloud model data.

       RR = a0 + a1 IWP + a2 IWP2
where the coefficients a0 to a2 are given in the table below.

Thorough validation of the Day-2 rain rate algorithm revealed a strong positive bias over oceans and a weaker negative bias over land. In addition, a non-uniform distribution of rain rates existed due to the problems noted in the IWP algorithm (see above). Finally, the maximum allowed rain rate of 20 mm/hr was not realistic and was attributed to the relationship used to convert IWP to rain rate. The improved algorithm has incorporated the following changes:

· A "convective index" (CI) (e.g., weak, moderate and strong) is computed by using the three 183 GHz channels by examining differences between them; the larger the depressions are at 183+1, the deeper the convection.

· Depending upon the convective index, rain rate is computed using different coefficients (note table below).

· The maximum allowed rain rate is 30 mm/hr.
Table 20 Rain Rate Coefficients 
	 
	a0
	a1
	a2

	CI = 1 or 2
	0.321717
	16.5043
	-3.3419

	CI = 3
	0.08925
	20.8194
	-2.9117


5.2.4
 Snowfall Detection Algorithm Description

Snowfall Detection Algorithm Description

The snowfall detection portion of the Rain Rate algorithm is activated when the surface temperature estimated from forecast models is below 269 K, or when there is snow-cover on the ground, retrieved from the snow-cover extent algorithm. The AMSU-based experimental precipitation product determines precipitation type in the form of rain or snow based only on the AMSU measurements.

When the snowfall detection scheme is activated, snowfall extent is retrieved as follows:

 For TB53 >= 245 K, there is snowfall when the following sets of conditions are met:

SET1:   TB89 -TB150 >= 4 AND, 

             TB176 <255 AND, 

             TB180 < 253 AND, 

             TB182 < 250.

Where, TB53 refers to the AMSU-A limb-corrected brightness temperature at 53.6 GHz channel frequency in the oxygen absorption band, TB89 and TB150 refer to the AMSU-B brightness temperatures at 89 and 150 GHz window channel frequencies, and TB176, TB180 and TB182 refer to the AMSU-B brightness temperatures at 183±7, 183±3, and 183±1 channel frequencies in the water vapor absorption band, respectively.

SET2: 

TB89-TB150 >= 4 AND TB89-TB150 <= 10, AND

TB180 <= 253, AND 

TB176 >=255 AND 

TB23 < =262 AND,

TB150-TB176 >= -16, AND,

TB176-TB180 >= -3.

For TB53 < 245 AND TB53 >= 243, snowfall is detected for the following set of conditions:

Threshold = 242.5 + 5*μ

Depression = TB180 – Threshold

Depression < 0.0.

Where μ is the cosine of the zenith angle.

For TB53 less than 243 K, snowfall is labeled as “indeterminate:” 

5.2.5
 Snow Water Equivalent (implemented on March, 2005)

The retrieval of the Snow Water Equivalent (SWE) is based on two scattering indices, which are computed as follows:
       31.4 = TB23 – TB31.4   

89 = TB23 – TB89

where, 31.4 and 89 represent the two scattering indices, and TB23, TB31.4, and TB89 represent the AMSU brightness temperature measurements at 23, 31.4 and 89 GHz channel frequencies, respectively. 

The SWE is computed for the snow-covered pixels (see Snow Cover algorithm) by the following empirical relationships:

        R = (TB31.4-TB89) / (TB23 – TB31.4)

       SWE = K1 + K2 * 89  for R >= 8.0, and    

        SWE = K3 + K4 * 31.8 for R < 8.0

where K1 = 1.1, K2 = 0.08, K3 = 1.7, and K4= 0.6, are empirically derived coefficients, and SWE is in cm. The algorithm implicitly differentiates between two snow-cover types: finer-grained fresh snow- and coarser-grained older snow-cover via the estimation of the mean snow-cover grain size parameter, R. The coefficient values were derived from regional studies in the U.S.

6. Product Accuracy (Validation)

An estimate of overall product accuracy is provided in Table 20 (Ferraro et al..).

Table21: MSPPS Product Accuracy

	Products
	Channels Used
	Product Range
	Accuracy (RMS)

	Total Precipitable Water
	23, 31 GHz
	0 - 80 mm
	2.0 mm

	Cloud Liquid Water
	23, 31 GHz
	0 - 6 mm
	0.05 mm

	Rain Rate
	23, 31, 89 GHz
	0 - 30 mm/hr
	2 mm/hr

	Sea Ice Concentration
	23, 31 GHz
	0 - 100%
	15%

	Snow Cover
	23, 31, 89 GHz
	0 - 100%
	5%

	Ice Water Path
	89, 150 GHz
	0 - 2 mm
	0.10 mm

	Snow Water Equivalent 
	23, 31, 50.3 GHz
	0 - 10 cm
	1 cm

	Land Surface Temp.
	23, 31, 50.3 GHz
	250 - 325 K
	5 K

	Land Surface Emissivity
	23, 31, 50.3 GHz
	0 – 100%
	10%


Ferraro, R. R., F. Weng, N.C. Grody, L. Zhao, H. Meng, C. Kongoli, P. Pellegrino, S. Qiu, C. Dean, 2005:  NOAA operational hydrological products derived from the Advanced Microwave Sounding Unit (AMSU). IEEE Trans. Geosci. Rem. Sens., 43, 1036-1049.

6.1
AMSU-A

6.1.1
 Validation of Total Precipitable Water

a. Radiosondes

Global radiosonde (RAOB) match-up data (within 1 degree of latitude/longitude in space and within ± 3.5 hours in time) has been accumulated between 2002 and 2003.  Since the AMSU TPW is an ocean product, only RAOB data from small islands are used for validation in order to avoid land contamination in the AMSU observations.  In addition, only data at 9 radiosonde observation stations (Figure1) that use Vaisala RS80 radiosondes with H-type humidity sensors are used in order to control the accuracy of the RAOB data.  Error correction approach exists for relative humidity measured using this type of sensors [1].  Figure 2 is a scatter plot of the AMSU TPW against the RAOB TPW with a total of 7601 match ups from the three NOAA satellites.
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Figure 1. Locations of the match-up radiosonde stations for the 3 NOAA satellites
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Figure 2. Comparison of AMSU TPW and Radiosondes TPW

b. SSM/I

Figure 3 is a sample plot comparing the 5-degree zonal averages of TPW derived from AMSU and SSM/I.  Similar 5-degree zonal average comparisons are updated on a daily basis as part of MSPPS product monitoring.
Figure 3. Five-degree zonal averages of AMSU TPW and SSM/I TPW
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6.1.2
 Validation of Cloud Liquid Water 

A collocated data set of AMSU and Atmospheric Radiation Measurement (ARM) Programs site derived CLW was generated for the period of September 2001 through February 2002.  The ARM data was measured at the tropical island Manus and Nauru.  Because CLW is not nearly as spatially homogeneous as TPW, special treatment of the ARM-derived CLW data is needed in order to better utilize them for the AMSU validation [2].  Following this procedure resulted in approximately 190 points for NOAA-15 and 160 points for NOAA-16.  Figure 4 shows a scatter plot of the data from Manus Island; similar results were found at Nauru.  As can be seen, the correlations are about 0.6, with a small negative bias and an RMS error of about 0.05 mm.  Because there was considerable scatter in the data, plus, a non-uniform distribution of data values across the CLW domain (i.e., most of the data was at values of 0.1 mm or less), another method to represent the data was chosen by binning the measurements into 0.01 mm bins based on the ARM measurements.  The result of this (for the data range of 0 to 0.10 mm) is shown in Figure 5, where the data have been further stratified by local zenith angle ().  The main conclusions drawn from Figures 4 and 5 are:

* There is very little bias in the AMSU drived CLW when CLW is 0.3 mm or less.  Thus, under non-raining conditions, measurements at 31.4 GHz are adequate for the retrieval of CLW.

* There is some angular dependency on the retrievals, most likely attributed to the larger FOV of the AMSU-A sensor as the view angle increases.

Figure 4. AMSU vs. ARM derived CLW (mm) at Manus Island
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Figure 5.    AMSU vs. ARM derived CLW (mm) at Manus Island, divided into 0.01 mm bins
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6.1.4
 Surface Temperature

Summary of the AMSU-based surface temperature algorithm validation procedure and main results

The datasets consisted of match-up pairs between near-surface air temperatures and the estimated temperatures based on the AMSU measurements from NOAA-15, -16, and -17 satellites, ascending and descending passes for the months of July and December 2002.  Each match-up pair also included AMSU measurements at 23, 31, 50 and 89 GHz frequency channels. A spatial filter was applied to restrict inter-comparisons to the relatively flat US Great Plains region located within 31 and 48 degrees Latitude North, and 102.5 and 90 degrees Longitude West.  Further screening was applied to remove snow-cover, precipitation, and wet areas. To remove snow-cover effects, match-ups were filtered out that satisfied the following conditions: TB23 <= 262 K and TB23-TB89 > 4 K, where TB23 and TB89 refer to the brightness temperatures at 23 and 89 GHz. Removal of precipitation was done applying the following conditions: TB23 > 262 and TB23-TB89 > 4, and wet surfaces were removed that satisfied the following condition: TB23-TB89 < -8. The resulting dataset consisted of 27, 477 pairs.  Statistical analysis revealed a quadratic relationship as an excellent fit (R2 = 0.96 and mean error = 2.1 K) between the observed and satellite-estimated temperatures. The quadratic departure, with higher satellite temperatures than those observed) was observed in July, and was more pronounced for the NOAA-16 ascending (around 2 PM) and NOAA-17 descending (around 10:30 AM) passes. Figure 6a depicts a scatter plot of December and July match-up pairs. Note the higher satellite-estimated temperatures for the month of July as temperatures increase, whereas the December pairs do not reveal this trend, but showed, however, a colder temperature bias estimated at 1.5 K. Figure 6b depicts the scatter plot of all the pairs combined, and the quadratic fit with a very high coefficient of determination of 0.96. Figure 6c is a scatter-plot of observed versus corrected satellite-estimated temperatures applying the coefficients shown on Figure 6b. As shown, by applying this quadratic correction, excellent agreement is obtained, where both colder (December) and warmer (July) biases are completely removed. Figure 6d displays scatter plots of observed versus uncorrected and versus corrected satellite temperatures for the NOAA-16 ascending pass in July 2002, the latter obtained by applying the generic, all-data coefficients shown on Figure 6b. As displayed, the generic coefficients applied significantly improve agreement with the observed temperatures for this case that had the largest higher temperature departures.
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Figure 6a
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Figure 6c

[image: image10.png]Tobs

Tobs verus Tsat ( °C) for all data combined

35 40 45 50 55

25 30

15 20

Tobs = -0.0092* Tsaf® + 1.1636*Tsat + 17120
R*=0.96

&

Tsat




                          Figure 6b
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Figure 6d.

Figure 6.    Scatter-plot of observed versus corrected satellite-estimated surface temperatures
7. Product Dissemination

The default output of MSPPS are HDF-EOS files.  These are used by NCEP and the TRMM project at NOAA and archived.  HDF-EOS Swath files are also FTP’d to CIRA for conversion to the McIDAS format.  MSPPS level-2 data are also output in binary format for transmission to NCEP and subsequent conversion to BUFR format.
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