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Description: 

Abstract: 

Introduction 

The Moderate Resolution Imaging Spectroradiometer (MODIS) is one of the most advanced sensors currently used for a wide range of land, ocean and atmosphere applications. It has 36 spectral channels with spatial resolution varying from 250 m to 1 km at nadir. The MODIS channels 1 (B1, VIS) and 2 (B2, near-infrared NIR, 0.85m) are available at 250 m spatial resolution. Five MODIS channels designed for land applications (bands B3 to B7) are available at 500 m spatial resolution. The remaining twenty nine channels are imaged at 1 km resolution. 

For many applications, it is very desirable to have land channels at higher spatial resolution. It has been shown that the optimal spatial resolution should be of the order of few hundred meters for operational crop monitoring and other land monitoring applications. The Fourier spatial analysis conducted by Trishchenko, 2004 for typical agricultural area showed that for the spatial sizes below 2 km, the maximum in spatial spectra corresponds to spatial scales <100m, which describes small scale spatial heterogeneity. There exist two maxima at the 200-300m and 400-700m scales which describe the typical size of various land cover types. Clearly, these features can be better resolved with spatial resolution of 250 m compared to 500 m or 1000 m. The high spatial resolution enables the monitoring of relatively homogeneous land cover types and, therefore, allowing more accurate assessment of the surface and biome properties. A spatial scale 250 m will be also useful for the monitoring forest cover, mixed scenes, inland water bodies, forest fires, snow cover and many other applications. The MODIS product produced at CCRS at 250 spatial resolution addresses this need. 
Georeferencing: 

Upper left geographic: 177d17'32.31" W; 66d54'22.82" N 

Lower right geographic: 62d32'49.65" W; 34d18'05.61" N 

Upper left geocoded: -2600000.000 E; 10500000.000 N 

Lower right geocoded: 3100000.000 E; 5700000.000 N 

True origin: 95d00'00.0000"W; 0d00'00.0000"N 

Image Size: 22800 pixels x 19200 lines 

Pixel size, horizontal resolution: 250m; 

Pixel size, vertical resolution: 250m 

Spectral channels

There are 7 spectral channels in MODIS data that are designed for land applications.  Their spectral characteristics are given in the Table 1 below.

Table 1.

Spectral channels in MODIS BRDF dataset

	Channel No
	Range [nm]

	1
	620 - 670 nm

	2
	841 - 876 nm

	3
	459 - 479 nm

	4
	545 - 565 nm

	5
	1230 - 1250 nm

	6
	1628 - 1652 nm

	7
	2105 – 2155 nm


Filename convention:

There are 1 file for each spectral band (7 files altogether), 1 file containing relative date of pixel observation, 4 files containing satellite viewing zenith angle, solar zenith angle, satellite azimuth angle, solar azimuth angle, and 1 file containing pixel status flag. Altogether, there are 13 files produced for each 10-day interval.  Their names are listed below
1. Terra_MODIS_B1_RETOA_250m.img
2. Terra_MODIS_B2_RETOA_250m.img

3. Terra_MODIS_B3_RETOA_250m.img

4. Terra_MODIS_B4_RETOA_250m.img

5. Terra_MODIS_B5_RETOA_250m.img

6. Terra_MODIS_B6_RETOA_250m.img

7. Terra_MODIS_B7_RETOA_250m.img

8. Terra_MODIS_Rel_Date_250m.img

9. Terra_MODIS_Satellite_Zenith_250m.img

10. Terra_MODIS_Satellite_Azimuth_250m.img

11. Terra_MODIS_Sun_Zenith_250m.img
12. Terra_MODIS_Sun_Azimuth_250m.img

13. Terra_MODIS_State_Flag_250m.img

Data format

Data format is described in the Table 2.

Table 2. General data format

	
	Pixel format
	Scale factor
	Fill Value
	Out of region- mask value

	Image layer data (directional reflectance [ratio] for each of 7 MODIS land bands B1-B7
	16-bit signed
(byte order: Intel)
	0.0001
	32767
	32766

	Relative date (minutes since composite start date)
	16-bit unsigned
(byte order: Intel)
	1
	32767
	32766

	Satellite zenith angle [deg]
	16-bit signed
(byte order: Intel)
	0.01
	32767
	32766

	Satellite azimuth angle [deg]
	16-bit signed
(byte order: Intel)
	0.01
	32767
	32766

	Sun zenith angle [deg]
	16-bit signed
(byte order: Intel)
	0.01
	32767
	32766

	Sun azimuth angle [deg]
	16-bit signed
(byte order: Intel)
	0.01
	32767
	32766

	Pixel status flag [bit field]
1st decimal place

    0 - land pixel

    1 - water/land mix pixel

    2 - water pixel

 2nd decimal place

    0 - clear sky

    1 - cloud shadow

    2 - cloud
3rd decimal place

    0 - non snow/ice

    1 - snow/ice
	byte
	N/A
	FF
	FF


Each value from the image data layers is calculated as 
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Positional_Accuracy:  

Horizontal_Positional_Accuracy: 

Quantitative_Horizontal_Positional_Accuracy_Assessment: 
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Horizontal_Positional_Accuracy_Explanation: 

MODIS data processing related to computing pixel position and radiometric accuracy has been completed at the Level 1B processing level at NASA data processing facilities as described by 
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Process_Step: 

Process_Description: 

The processing of the MODIS data at CCRS includes the following steps:

Step 1: Downscaling each MODIS/Terra 5-min granule consisting of MODIS channels B3, B4, B5, B6, B7 at 500m spatial resolution into 250m imagery using adaptive regression and radiometric normalization as described by Trishchenko et al., 2006. This makes channels B3-B7 consistent in spatial resolution with 250m channels B1 and B2.

Step 2: Re-projection of all channels B1-B7 available now at 250 m spatial resolution into LCC geographic projection using concurrent gradient search method developed by Khlopenkov et al., 2006
Step 3: Running scene identification algorithm to produce a) mask of clear-sky, cloudy and cloud shadow indices and b) Canada-wide clear-sky composite image (region also includes part of US territory, Greenland, Iceland and surrounding oceans)
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Raster_Object_Type: Pixel
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Spatial_Reference_Information: 

Horizontal_Coordinate_System_Definition: 

Planar: 

Map_Projection: 

Map_Projection_Name: Lambert Conformal Conic

Lambert_Conformal_Conic: 

Standard_Parallel: 

1st Standard Parallel: 49deg; 2nd Standard Parallel: 77deg 

Longitude_of_Central_Meridian: -95

Latitude_of_Projection_Origin: 0

False_Easting:   0.000

False_Northing: 0.000

Geodetic_Model: 

Horizontal_Datum_Name: NAD83

Ellipsoid_Name: GRS 1980
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Detailed_Description: The TOA reflectance factor for band B1 (620 - 670 nm)
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Attribute_Label: Terra_MODIS_B1_RETOA_250m
Attribute_Definition: Numeric code ranging from 0 to 32765
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Enumerated_Domain: 
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Enumerated_Domain_Value_Definition: 
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Enumerated_Domain_Value_Definition: 

Enumerated_Domain_Value_Definition: TOA reflectance factor for band B3

Detailed_Description: The TOA reflectance factor for band B4 (545 - 565 nm)
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Attribute_Definition: Numeric code ranging from 0 to 32765
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Enumerated_Domain_Value_Definition: 
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Enumerated_Domain: 
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Attribute_Definition: Numeric code ranging from 0 to 32765
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Detailed_Description: The TOA reflectance factor for band B7 (2105 – 2155 nm)
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Attribute_Definition: Numeric code ranging from 0 to 32765

Attribute_Domain_Values: 
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Enumerated_Domain_Value_Definition: 

Enumerated_Domain_Value_Definition: TOA reflectance factor for band B7

Detailed_Description: The satellite zenith angle [deg]
Attribute: 

Attribute_Label: Terra_MODIS_Satellite_Zenith_250m

Attribute_Definition: Numeric code ranging from 0 to 9000

Attribute_Domain_Values: 

Enumerated_Domain: 

Enumerated_Domain_Value: value= (numeric code/100) 

Enumerated_Domain_Value_Definition: 

Enumerated_Domain_Value_Definition: satellite zenith angle
Detailed_Description: The satellite azimuth angle [deg]
Attribute: 

Attribute_Label: Terra_MODIS_Satellite_Azimuth_250m

Attribute_Definition: Numeric code ranging from -18000 to 18000

Attribute_Domain_Values: 

Enumerated_Domain: 

Enumerated_Domain_Value: value= (numeric code/100) 

Enumerated_Domain_Value_Definition: 

Enumerated_Domain_Value_Definition: satellite azimuth angle
Detailed_Description: The Sun zenith angle [deg]
Attribute: 

Attribute_Label: Terra_MODIS_Sun_Zenith_250m

Attribute_Definition: Numeric code ranging from 0 to 9000

Attribute_Domain_Values: 

Enumerated_Domain: 

Enumerated_Domain_Value: value= (numeric code/100) 

Enumerated_Domain_Value_Definition: 

Enumerated_Domain_Value_Definition: Sun zenith angle
Detailed_Description: The Sun azimuth angle [deg]
Attribute: 

Attribute_Label: Terra_MODIS_Sun_Azimuth_250m

Attribute_Definition: Numeric code ranging from -18000 to 18000

Attribute_Domain_Values: 

Enumerated_Domain: 

Enumerated_Domain_Value: value= (numeric code/100) 

Enumerated_Domain_Value_Definition: 

Enumerated_Domain_Value_Definition: Sun azimuth angle
Detailed_Description: Relative time (minutes since composite start date)
Attribute: 

Attribute_Label: Terra_MODIS_Rel_Date_250m

Attribute_Definition: Numeric code ranging from 0 to 15840

Attribute_Domain_Values: 

Enumerated_Domain: 

Enumerated_Domain_Value: value= numeric code 

Enumerated_Domain_Value_Definition: 

Enumerated_Domain_Value_Definition: Time of observation for each pixel relative to start time of the composite interval
Detailed_Description: Pixel status flag (1-byte mask)
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Attribute_Label: Pixel Status Flag
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Attribute_Domain_Values: 
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Enumerated_Domain_Value: bit mask according to the following definition

 1st decimal place

    0 - land pixel
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    2 - water pixel

 2nd decimal place

    0 - clear sky

    1 - cloud shadow

    2 - cloud

3rd decimal place

    0 - non snow/ice

    1 - snow/ice
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