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Description: 

Abstract: 

Introduction 

The MODIS data are important component of Climate Change program as they provide high quality measurements of fundamental land surface properties of the Canadian climate system at the national scale. Satellite data are the only source of information that offers national scale coverage and high frequency of observations. To produce these data we relied on MODIS pre-processed data available from NASA Distributed Active Archive Center (DAAC).  Original MOD43B1 data set is available as a set of granules (1200x1200 pixels) in EOS HDF format and ISIN projection. At the first step, we processed all granules that cover the Canadian territory and composed them into one large image in Lat-Long projection.  For the second step, images in the Lat-Long projection were re-projected into LCC (Lambert Conformal Conical) projection. To minimize re-projection errors, the procedure was applied to super-sampled data using 3x3 matrix for each pixel with subsequent weighted averaging in order to preserve the 1 km/pixel spatial resolution.
The MODIS data are valuable for many climate change and environmental application such as land cover mapping, vegetation dynamics (Vegetation Indices), Fraction of Photosynthetically Active Radiation (FPAR), Leaf Area Index (LAI), forest disturbances (insect and forest fire), snow/ice mapping, radiation budget and cloud and aerosol radiative forcing. 

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: 5700 pixels x 4800 lines 

Pixel size, horizontal resolution: 1000m; 

Pixel size, vertical resolution: 1000m 

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

	8 (synthetic)
	Visible Broadband (300-700 nm)

	9 (synthetic)
	NIR Broadband (700-5000 nm)

	10 (synthetic)
	Total SW Broadband (300-5000 nm)


BRDF model description:

The MODIS dataset employs the RossThick-LiSparse reciprocal BRDF model. This is a linear kernel-driven model expressing the BRDF as a sum of several theoretically constructed kernel functions, which dependend of the Solar Zenith Angle (SZA), Viewing Zenith Angle (VZA) and relative azimuth angle (RAA) between the Sun and viewer planes. The MODIS model is a reciprocal model of RossThick-LiSparse (Wanner, Li, & Strahlar, 1995) with 3 kernels: isotropic (f_ISO), volumetric (f_VOL) and geometric (f_GEO) kernel functions.

BRDF=a_ISO*f_ISO+a_VOL*f_VOL+a_GEO*f_GEO

Kernel f_VOL is called RossThick kernel representing scattering from a dense leaf canopy based on a single-scattering approximation of radiative transfer theory (Ross, 1981; Roujean, Leroy, & Deschamps, 1992). Kernel f_GEO is LiSparse kernel which is derived assuming a sparse ensemble of surface objects and the geometric-optical mutual shadowing model (Li and Strahler, 1992). Three parameters a_ISO, a_VOL, a_GEO are coefficients of the kernels and represent isotropic, volumetric and geometric reflectance, respectively. The expressions for kernel functions can be found in (Lucht, Schaaf, & Strahler, 2000). More details about preprocessing of MODIS data can be found in the MODIS Algorithm Theoretical Basis Document at: http://modis.gsfc.nasa.gov/data/atbd/atbd_mod09.pdf
Filename convention:

There are 3 files for each spectral band with ISO, VOL and GEO coefficients. Altogether, there are 30 files that provide BRDF information. 

1. BRDF_Albedo_Parameters.3_01.4_01.lcc

2. BRDF_Albedo_Parameters.3_01.4_02.lcc

3. BRDF_Albedo_Parameters.3_01.4_03.lcc

4. BRDF_Albedo_Parameters.3_02.4_01.lcc

5. BRDF_Albedo_Parameters.3_02.4_02.lcc

6. BRDF_Albedo_Parameters.3_02.4_03.lcc

7. BRDF_Albedo_Parameters.3_03.4_01.lcc

8. BRDF_Albedo_Parameters.3_03.4_02.lcc

9. BRDF_Albedo_Parameters.3_03.4_03.lcc

10. BRDF_Albedo_Parameters.3_04.4_01.lcc

11. BRDF_Albedo_Parameters.3_04.4_02.lcc

12. BRDF_Albedo_Parameters.3_04.4_03.lcc

13. BRDF_Albedo_Parameters.3_05.4_01.lcc

14. BRDF_Albedo_Parameters.3_05.4_02.lcc

15. BRDF_Albedo_Parameters.3_05.4_03.lcc

16. BRDF_Albedo_Parameters.3_06.4_01.lcc

17. BRDF_Albedo_Parameters.3_06.4_02.lcc

18. BRDF_Albedo_Parameters.3_06.4_03.lcc

19. BRDF_Albedo_Parameters.3_07.4_01.lcc

20. BRDF_Albedo_Parameters.3_07.4_02.lcc

21. BRDF_Albedo_Parameters.3_07.4_03.lcc

22. BRDF_Albedo_Parameters.3_08.4_01.lcc

23. BRDF_Albedo_Parameters.3_08.4_02.lcc

24. BRDF_Albedo_Parameters.3_08.4_03.lcc

25. BRDF_Albedo_Parameters.3_09.4_01.lcc

26. BRDF_Albedo_Parameters.3_09.4_02.lcc

27. BRDF_Albedo_Parameters.3_09.4_03.lcc

28. BRDF_Albedo_Parameters.3_10.4_01.lcc

29. BRDF_Albedo_Parameters.3_10.4_02.lcc

30. BRDF_Albedo_Parameters.3_10.4_03.lcc

31. BRDF_Albedo_Quality.Num_QC_Words_01.lcc

32. BRDF_Albedo_Quality.Num_QC_Words_02.lcc

Data format

Data format is descrbed in the Table 2.

Table 2. General data format

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

	BRDF parameters (image data layers)
	16-bit signed
(byte order: Intel)
	0.001
	32767
	32766

	Diffuse albedo (image data layers)
	16-bit signed
(byte order: Intel)
	0.001
	32767
	32766

	BRDF quality flag layers
	32-bit mask
(byte order: Intel)
	–
	FFFF FFFF
	FFFF FFFF


Each value from the image data layers is calculated as 
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Description of the quality flags is given in detail at http://edcdaac.usgs.gov/modis/mod43b1.html and Table 3.
Table 3. Description of data quality flags Word 1 and Word 2

	QC Word One
(band independent)
	Description

	00-01 Mandatory QA
	0 = processed, good quality
1 = processed, see other QA
2 = not processed due to cloud effects
3 = not processed due to other effects

	02-03 Period used 
	0 = 16 days
1 = 32 days

	04-07 Land/Water 
	0 = Shallow ocean
1 = Land (Nothing else but land)
2 = Ocean and lake shorelines
3 = Shallow inland water
4 = Ephemeral water
5 = Deep inland water
6 = Moderate or continental ocean
7 = Deep ocean

	08-10 AM/MISR/PM 
	0 = AM
1 = AM/PM
2 = AM/PM/MISR
3 = AM/MISR
4 = PM
5 = PM/MISR
6 = MISR

	11-15 Mean Solar Angle of the Overpass Time
	0 = 0-5 degrees
1 = 5-10 degrees
2 = 10-15 degrees
3 = 15-20 degrees
4 = 20-25 degrees
5 = 25-30 degrees
6 = 30-35 degrees
7 = 35-40 degrees
8 = 40-45 degrees
9 = 45-50 degrees
10= 50-55 degrees
11= 55-60 degrees
12= 60-65 degrees
13= 65-70 degrees
14= 70-75 degree
15= 75-80 degrees
16= 80-90 degrees 

	16-17 Snow 
	0 = no Snow 
1 = Snow present

	18-30 TBD                                  10 = interpolated according to CCRS technique

	31 QAfill
	0 = not fill-value
1 = fill-value 


	QC Word 2

	QC Word Two
(band dependent)
	Description

	00-03 Band 1 Quality
	0 = RMSE good, WoD(NBAR) good, WoD(WSA) good
1 = RMSE good, WoD(NBAR) good, WoD(WSA) moderate
2 = RMSE good, WoD(NBAR) moderate, WoD(WSA) good
3 = RMSE good, WoD(NBAR) moderate, WoD(WSA) moderate
4 = RMSE moderate, WoD(NBAR) good, WoD(WSA) good
5 = RMSE moderate, WoD(NBAR) good, WoD(WSA) moderate
6 = RMSE moderate, WoD(NBAR) moderate, WoD(WSA) good
7 = RMSE moderate, WoD(NBAR) moderate, WoD(WSA) moderate
9 = magnitude inversion (numobs >3&<7)
10= magnitude inversion (numobs <=3)
11= Bus-in DB parameters

12 = interpolated according CCRS technique
15= Fill value

	04-07 Band 2 Quality (see explanation for band 1) (same as band 1)

	08-11 Band 3 Quality (see explanation for band 1) (same as band 1)

	12-15 Band 4 Quality (see explanation for band 1) (same as band 1)

	16-19 Band 5 Quality (see explanation for band 1) (same as band 1)

	20-23 Band 6 Quality (see explanation for band 1) (same as band 1)

	24-27 Band 7 Quality (see explanation for band 1) (same as band 1)

	28-30 TBD

	31 QAFill
	0 = not fill-value
1 = fill value


Comments: On the QC Word One the field TBD is set to 10 for the new resulted images.

On the QC Word Two for each band the appropriate field is set to 12.

For both QC Word One and QC Word Two the flag QAFill is set to 0 (not fill-value).
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Enumerated_Domain_Value: value= (numeric code/1000) 

Enumerated_Domain_Value_Definition: 

Enumerated_Domain_Value_Definition: isotropic surface reflectance

Detailed_Description: Volumetric reflectance factor a_VOL for band 7 (2105 – 2155 nm)
Attribute: 

Attribute_Label: BRDF_Albedo_Parameters.3_07.4_02.lcc

Attribute_Definition: Numeric code ranging from 0 to 1000

Attribute_Domain_Values: 

Enumerated_Domain: 

Enumerated_Domain_Value: value= (numeric code/1000) 

Enumerated_Domain_Value_Definition: Volumetric reflectance factor

Detailed_Description: Geometric reflectance factor a_GEO for band 7 (2105 – 2155 nm)
Attribute: 

Attribute_Label: BRDF_Albedo_Parameters.3_07.4_03.lcc

Attribute_Definition: Numeric code ranging from 0 to 1000

Attribute_Domain_Values: 

Enumerated_Domain: 

Enumerated_Domain_Value: value= (numeric code/1000) 

Enumerated_Domain_Value_Definition: Geometric reflectance factor

Detailed_Description: Isotropic reflectance factor a_ISO for band 8 (Visible Broadband (300-700 nm))
Attribute: 

Attribute_Label: BRDF_Albedo_Parameters.3_08.4_01.lcc

Attribute_Definition: Numeric code ranging from 0 to 1000

Attribute_Domain_Values: 

Enumerated_Domain: 

Enumerated_Domain_Value: value= (numeric code/1000) 

Enumerated_Domain_Value_Definition: 

Enumerated_Domain_Value_Definition: isotropic surface reflectance

Detailed_Description: Volumetric reflectance factor a_VOL for band 8 (Visible Broadband (300-700 nm))
Attribute: 

Attribute_Label: BRDF_Albedo_Parameters.3_08.4_02.lcc

Attribute_Definition: Numeric code ranging from 0 to 1000

Attribute_Domain_Values: 

Enumerated_Domain: 

Enumerated_Domain_Value: value= (numeric code/1000) 

Enumerated_Domain_Value_Definition: Volumetric reflectance factor

Detailed_Description: Geometric reflectance factor a_GEO for band 8 (Visible Broadband (300-700 nm))
Attribute: 

Attribute_Label: BRDF_Albedo_Parameters.3_08.4_03.lcc

Attribute_Definition: Numeric code ranging from 0 to 1000

Attribute_Domain_Values: 

Enumerated_Domain: 

Enumerated_Domain_Value: value= (numeric code/1000) 

Enumerated_Domain_Value_Definition: Geometric reflectance factor

Detailed_Description: Isotropic reflectance factor a_ISO for band 9 (NIR Broadband (700-5000 nm))
Attribute: 

Attribute_Label: BRDF_Albedo_Parameters.3_09.4_01.lcc

Attribute_Definition: Numeric code ranging from 0 to 1000

Attribute_Domain_Values: 

Enumerated_Domain: 

Enumerated_Domain_Value: value= (numeric code/1000) 

Enumerated_Domain_Value_Definition: 

Enumerated_Domain_Value_Definition: isotropic surface reflectance

Detailed_Description: Volumetric reflectance factor a_VOL for band 9 (NIR Broadband (700-5000 nm))
Attribute: 

Attribute_Label: BRDF_Albedo_Parameters.3_09.4_02.lcc

Attribute_Definition: Numeric code ranging from 0 to 1000

Attribute_Domain_Values: 

Enumerated_Domain: 

Enumerated_Domain_Value: value= (numeric code/1000) 

Enumerated_Domain_Value_Definition: Volumetric reflectance factor

Detailed_Description: Geometric reflectance factor a_GEO for band 9 (NIR Broadband (700-5000 nm))
Attribute: 

Attribute_Label: BRDF_Albedo_Parameters.3_09.4_03.lcc

Attribute_Definition: Numeric code ranging from 0 to 1000

Attribute_Domain_Values: 

Enumerated_Domain: 

Enumerated_Domain_Value: value= (numeric code/1000) 

Enumerated_Domain_Value_Definition: Geometric reflectance factor

Detailed_Description: Isotropic reflectance factor a_ISO for band 10 (Total SW Broadband (300-5000 nm))
Attribute: 

Attribute_Label: BRDF_Albedo_Parameters.3_10.4_01.lcc

Attribute_Definition: Numeric code ranging from 0 to 1000

Attribute_Domain_Values: 

Enumerated_Domain: 

Enumerated_Domain_Value: value= (numeric code/1000) 

Enumerated_Domain_Value_Definition: 

Enumerated_Domain_Value_Definition: isotropic surface reflectance

Detailed_Description: Volumetric reflectance factor a_VOL for band 10 (Total SW Broadband (300-5000 nm))
Attribute: 

Attribute_Label: BRDF_Albedo_Parameters.3_10.4_02.lcc

Attribute_Definition: Numeric code ranging from 0 to 1000

Attribute_Domain_Values: 

Enumerated_Domain: 

Enumerated_Domain_Value: value= (numeric code/1000) 

Enumerated_Domain_Value_Definition: Volumetric reflectance factor

Detailed_Description: Geometric reflectance factor a_GEO for band 10 (Total SW Broadband (300-5000 nm))
Attribute: 

Attribute_Label: BRDF_Albedo_Parameters.3_10.4_03.lcc

Attribute_Definition: Numeric code ranging from 0 to 1000

Attribute_Domain_Values: 

Enumerated_Domain: 

Enumerated_Domain_Value: value= (numeric code/1000) 

Enumerated_Domain_Value_Definition: Geometric reflectance factor

Detailed_Description: Data quality flag Word 1 (4-byte mask)

Attribute: 

Attribute_Label: QC Word 1

Attribute_Definition: 32-bit mask

Attribute_Domain_Values: 

Enumerated_Domain: 

Enumerated_Domain_Value: bit mask according to the Table 3 

Enumerated_Domain_Value_Definition: QC Word 1 32-bit mask

Detailed_Description: Data quality flag Word 2 (4-byte mask)

Attribute: 

Attribute_Label: QC Word 2

Attribute_Definition: 32-bit mask

Attribute_Domain_Values: 

Enumerated_Domain: 

Enumerated_Domain_Value: bit mask according to the Table 3

Enumerated_Domain_Value_Definition: QC Word 1 32-bit mask
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