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1. Introduction

1.1. Overview

The MODIS-AUX data set is an intermediate product that contains a subset of ancillary MODIS radiance and cloud mask data that overlaps and surrounds each CloudSat cloud profiling radar (CPR) footprint.  These data are required for input to the first level 2 standard data product algorithm (2B-GEOPROF).  This document describes the interfaces between the input data sets and this algorithm, the method used to process the data, the format of the MODIS-AUX product, and quality assessment instructions for the DPC operator. 

1.2. Applicable Documents

•  Level 1B CPR Process Description and Interface Control Document (v1.0 

   Revc), 29AUG01.

•  Cloudsat AN-MODIS Ancillary Data Interface Control Document (draft), 15 

   APR 02.

•  Cloudsat Data Processing Center System Description and Data Processing Plan,

   29MAY01.

•  Cloudsat L3 Ground System-Science Data Processing, 22APR01.
•  End-to-End Information System (EEIS), 19APR01.

•  Cloudsat Science Ground Data Processing Verification and Validation Test

   Plan, tbd.

2. Algorithm Theoretical Basis

Input data for the MODIS-AUX algorithm includes CloudSat 1B-CPR and AN-MODIS data sets.  Each data file contains one granule, although the final AN-MODIS format is still to be determined.  This document assumes that the AN-MODIS data will be contained in several files, each file containing one granule of one MODIS data set.  The CloudSat granule consists of one complete orbit, whereas the MODIS granule consists of 5 minutes of swath data along the MODIS ground track.  At this time, the algorithm only processes MODIS geolocation (MOD03), cloud mask (MOD35_L2), and 1 km resolution radiances (MOD02_1KM_L1B).  Although the only data sets required for subsequent CloudSat standard data products are those mentioned above, the code will eventually process all MODIS data sets that are described in section 3.2.

When all MODIS data corresponding to one CloudSat granule are received and the MODIS granule times are verified to ensure orbit coverage, the geolocation information for the MODIS pixels is searched and the closest pixel to each CloudSat CPR footprint is selected using the 1B-CPR geolocation data.  The MODIS granule number, the index of the selected pixel, and the indices of the closest 15-1 km resolution pixels (a 3 x 5 pixel grid) are saved.  The routine then opens each of the relevant AN-MODIS data sets and uses the granule and pixel indices to subset each field.  This data subset is output in the MODIS-AUX product in HDF-EOS format.  During normal operations, it is assumed that the sub-satellite point and its associated geolocation is representative of the center of the CPR footprint.

3. Algorithm Inputs

    3.1  1B-CPR

Fields available in the 1B-CPR data set used by this algorithm include 

	1.  International Atomic Time: seconds since 00:00:00 Jan 1 1993 (8-byte float, array size: nray, units: seconds, source product: 1B-CPR) 
HDF-EOS field:  Time 

	2.  Spacecraft Latitude (4-byte float, array size: nray, units: degrees, source product: 1B-CPR) 
HDF-EOS field:  Latitude 

Spacecraft Geodetic Latitude. 

	3.  Spacecraft Longitude (4-byte float, array size: nray, units: degrees, source product: 1B-CPR) 
HDF-EOS field:  Longitude 

Spacecraft geodetic longitude 


The 1B-CPR data are stored in an HDF-EOS format and are made available to the MODIS-AUX algorithm from the data processing system (CORE) internal memory structure.  Further documentation for these fields can be found in

•  Level 1B CPR Process Description and Interface Control Document (v1.0 

   Revc), 29AUG01.

    3.2  AN-MODIS
The AN-MODIS data set will be provided by the Goddard Earth Sciences (GES) DAAC.  The swath will be 140 km wide, centered on the Aqua ground track.  The data will be provided in HDF-EOS format and contain the following fields for subset by this algorithm and use by level 2 algorithms:

•  Geodetic Latitude and Longitude (MOD03).

•  Radiances:  bands 1-7, 17-20, and 26-36, 1 km resolution (MOD02_1KM_L1B)

•  Radiances:  band 1, 0.25 km resolution (MOD02_QKM_L1B)

•  Cloud mask and spectral test results,1 km resolution (MOD35_L2)

•  Aerosol optical thickness, 10 km resolution (MOD04_L2)


•  IR precipitable water, 5 km resolution (MOD05_L2)


•  Solar precipitable water, 1 km resolution (MOD05_L2)


•  Cloud top properties (temp, height, emissivitiy, phase, fraction, 5 km resolution, 


    (MOD06_L2)


•  Optical depth and particle size, 1 km resolution (MOD06_L2)


•  Total ozone burden, 5 km resolution (MOD07_L2)

Specifications for these fields can be found in

•  Cloudsat AN-MODIS Ancillary Data Interface Control Document (draft), 15 

   APR 02.

Note: as mentioned in the above document, MODIS band 6 radiance may be omitted or synthesized from other bands due to a mechanical problem

4. Algorithm Summary

The following pseudo-code describes the steps involved in sub-setting the MODIS ancillary data and producing the MODIS-AUX data set.  Data are processed one CloudSat granule at a time (one orbit), requiring the system to wait until all necessary MODIS granules are delivered.

Wait for 1B-CPR file to arrive

Wait for all required AN-MODIS data sets

Retrieve 1B-CPR geolocation data from CORE


Retrieve filenames of all available AN-MODIS files


Ensure MODIS file timestamps match across data sets


Ensure MODIS start and end times include CloudSat start and end times

Allocate granule index and pixel index arrays to hold subset pixel indices

Read first MODIS geolocation file

Loop over CloudSat rays:


If CloudSat geolocation point bad:



Put fill value in granule index array



Continue loop over rays

Use CloudSat ray geolocation to get index of closest MODIS pixel (search using Haversine formula)

If reached the end of the MODIS geolocation file, read the next one, cycle loop

Load granule and pixel index arrays with indices of 14 surrounding MODIS pixels (total pixels returned = 3 cross-track by 5 along-track)


End loop over CloudSat rays


Allocate individual MODIS-AUX data fields


Use index arrays to load 1 km MODIS data into 1 km MODIS-AUX fields


(future) Use index arrays to load 0.25 km MODIS data into 0.25 km MODIS-AUX 


fields


(future) Use index arrays to load 5 km MODIS data into 5 km MODIS-AUX 


fields


(future) Use index arrays to load 10 km MODIS data into 10 km MODIS-AUX 


fields

Write MODIS-AUX fields to HDF-EOS file

De-allocate all arrays

Write summary log file

5. Data Product Output Specifications

Specifications for aerosol optical thickness, IR precipitable water, solar precipitable water, cloud top properties, optical depth, particle size, and total ozone burden will be added upon receipt of an AN-MODIS test dataset.  The current HDF-EOS format for the MODIS-AUX file is as follows:

	Dimensions Used


	

	1.  mod_1km   (typical value: 15) 

3 x 5 MODIS grid around CPR footprint.

2.  nray   (typical value: 36383) 

Number of CPR rays in one orbit.

3.  mod_byt   (typical value: 6) 

MODIS cloud mask byte segment.

4.  Band_1KM_RefSB   (typical value: 4) 

MODIS SW radiance channels

5.  Band_1KM_Emissive   (typical value: 11) 

MODIS LW radiance channels

6.  Band_250M   (typical value: 2) 

MODIS 250M SW radiance channels.

7.  Band_500M   (typical value: 5) 

MODIS 500M SW radiance channels.
	

	Data Fields


	

	1.  Geodetic latitude of MODIS pixels    

      
 
      
HDF-EOS field:  
MODIS_latitude
      
Type:  
4-byte float
      
Dimensions:   
(nray, mod_1km)
      
Units:  
degrees
      
Factor:  
1
      
Offset:  
0
      
 
      This array contains the vector of latitudes for the closest 15 pixels to the CloudSat CPR footprint in a 3x5 (across track x along track) grid.

	2.  Geodetic longitude of MODIS pixels    

      
 
      
HDF-EOS field:  
MODIS_longitude
      
Type:  
4-byte float
      
Dimensions:   
(nray, mod_1km)
      
Units:  
degrees
      
Factor:  
1
      
Offset:  
0
      
 
      This array contains the vector of longitudes for the closest 15 pixels to the CloudSat CPR footprint in a 3x5 (across track x along track) grid.

	3.  MODIS Cloud Mask Subset    

      
 
      
HDF-EOS field:  
Cloud_Mask
      
Type:  
1-byte signed integer
      
Dimensions:   
(mod_byt, nray, mod_1km)
      
Units:  
none
      
Factor:  
1
      
Offset:  
0
      
 
      The MODIS cloud mask is a bit field that contains information about clouds observed in each pixel including type and height. A full description of the cloud mask can be found at the MODIS web site from the AN-MODIS document or the MODIS website: http://modis-atmos.gsfc.nasa.gov/MOD35_L2/index.html. The full MODIS data has been subset to the closest 15 pixels around the CloudSat CPR footprint.

	4.  MODIS Earth View 1KM Reflective Solar Bands Scaled Integers Subset    

      
 
      
HDF-EOS field:  
EV_1KM_RefSB
      
Type:  
4-byte signed integer
      
Dimensions:   
(Band_1KM_RefSB, nray, mod_1km)
      
Units:  
W/(m2 str um)
      
Factor:  
1
      
Offset:  
0
      
 
      This data array contains radiances for MODIS band numbers 17-19. The full MODIS data has been subset to the closest 15 pixels around the CloudSat CPR footprint. More information about this and the following radiance arrays can be obtained from the AN-MODIS ICD or from the MODIS web site at http://mcstweb.gsfc.nasa.gov/product.html.

	5.  MODIS Earth View 1KM Emissive Bands Scaled Integers Subset    

      
 
      
HDF-EOS field:  
EV_1KM_Emissive
      
Type:  
4-byte signed integer
      
Dimensions:   
(Band_1KM_Emissive, nray, mod_1km)
      
Units:  
W/(m2 str um)
      
Factor:  
1
      
Offset:  
0
      
 
      This data array contains radiances for MODIS band numbers 20 and 27-36.

	6.  MODIS Earth View 250M Aggregated 1km Reflective Solar Bands Scaled Integers Subset    

      
 
      
HDF-EOS field:  
EV_250_Aggr1km_RefSB
      
Type:  
4-byte signed integer
      
Dimensions:   
(Band_250M, nray, mod_1km)
      
Units:  
W/(m2 str um)
      
Factor:  
1
      
Offset:  
0
      
 
      This data array contains radiances for MODIS band numbers 1 and 2 aggregated to 1 km. 

	7.  MODIS Earth View 500M Aggregated 1km Reflective Solar Bands Scaled Integers Subset    

      
 
      
HDF-EOS field:  
EV_500_Aggr1km_RefSB
      
Type:  
4-byte signed integer
      
Dimensions:   
(Band_500M, nray, mod_1km)
      
Units:  
W/(m2 str um)
      
Factor:  
1
      
Offset:  
0
      
 
      This data array contains radiances for MODIS band numbers 3-7 aggregated to 1 km. 


The metadata format and specifications for 0.25 km band 1 radiance, aerosol optical thickness, IR and solar precipitable water, cloud top properties, optical depth and particle size, and total ozone burden are TBD.

6. Operator Instructions

The DPC operator will use two main sources of information to perform quality assessment functions.  First, the MODIS-AUX algorithm will output a short log file near the end of code execution that summarizes the quality of the input AN-MODIS data.  This information is written during execution because it is not contained in the resulting HDF-EOS file.  The log will include:

· Name of 1B-CPR file used.

· Number of MODIS granules in the input directory.

· Number of MODIS granules used.

· Per MODIS granule:

· Names of files used.

· Dimensions of MODIS granule.

· Geolocation for the MODIS granule corners.

· Number of missing MODIS geolocation pixels encountered by code.

Second, an IDL routine will post-process the MODIS-AUX HDF-EOS file along with the above log file and input 1B-CPR file and summarize the data.  The information reported will include:

· An image of the CloudSat orbit derived from 1B-CPR data and MODIS-AUX 

geolocation overlaid with the AN-MODIS data bounding boxes.

· Number of CloudSat rays in this orbit.

· Number of CloudSat rays from 1B-CPR data.

· Number of missing CloudSat geolocation points (from 1B-CPR data).

· Per MODIS-AUX field:

· Number of missing data points.

· A histogram of data values.

The operator will first make sure the CloudSat and MODIS-AUX derived orbits match by looking at the above image and possibly zooming in on several sections.  Second, the operator will make sure those orbits are contained within the AN-MODIS bounding boxes with sufficient margin.  Orbits that approach or exit the bounding boxes may require an adjustment of GES DAAC sub-setting code and/or delivery of a new AN-MODIS data set.  Third, MODIS-AUX data field histograms may be checked for consistency between orbits.  Error investigation may include visualization of the input AN-MODIS data.

7. Acronym List

CORE

CloudSat Operational and Research Environment

CPR 

Cloud Profiling Radar

DAAC

Distributive Active Archive Center

DPC

Data Processing Center

EOS

Earth Observing System

GES

Goddard Earth Sciences (DAAC)

HDF

Hierarchical Data Format

MODIS
MOderate-Resolution Imaging Spectrometer
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