C4.1 LST

Why and What is C4.1 LST ?

Recent Radiance-based validation and comparisons with AIRS and ASTER products presented at the NCDC workshop held on 7-9 April 2008 indicate that the land surface temperature (LSTs) in the C5 CMG products (MOD11C1, MYD11C1, MOD11C2 and MYD11C2) underestimated by up to 6K in some desert regions. Some users requested production of the C4 MODIS LST products at the same time as the C5 LST production on the belief that the C4 MODIS LST products provide better results over desert regions.

At the last MODIS/VIIRS Science Team meeting held in May 2008, it was decided that both C4 and C5 LST would be produced and released to the public. Since the L1B, Cloud Mask, and atmospheric profiles input to LST are only available in C5 versions for the mission period after 2007001, the C4 LST algorithm was updated to read C5 input. This version of LST generated using the C4 LST algorithm and C5 inputs, is identified as version C4.1.

LST Data Product Collections, Algorithms and Periods


C4 LST products are available for the Terra/Aqua mission period 2000055 – 2006365 and were generated using the C4 LST algorithm and the C4 inputs. C41 LST products are being generated using the C4 LST algorithm and the C5 inputs for mission period 2007001 and onwards. C5 LST products are generated for data days 2000055 and onwards using the C5 LST algorithm and the C5 inputs.
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There are two components in the MODIS LST products – LSTs retrieved by split-window algorithm and the LSTs retrieved by the day/night algorithm. Taking the Terra MODIS LST products as example,

- LSTs in the MOD11_L2 and MOD11A series are retrieved by the split-window algorithm.

- LSTs and emissivities in MOD11B1 are retrieved by the day/night algorithm.

- LSTs and emissivities retrieved by the day/night algorithm are the primary source of the MOD11C series. The LSTs retrieved by the split-window algorithm and the emissivities estimated from the land-cover types are the secondary source of the MOD11C series products.

A very similar split-window algorithm is used in the production of C4, C4.1 and C5 products (except for small adjustments in emissivities for a few surface types). The same day/night algorithm is used for C4 and C4.1. This version of the day/night algorithm overestimates LSTs and underestimates emissivities everywhere. However the C4/C4.1 result looks better in desert regions. A refined day/night algorithm is used for C5.

C4.1 LST Science Test and Evaluation


MODAPS ran a science test of the C4.1 LST algorithm and generated a suit of global LST data products using the C5 input data for the 3-month period of July 2004 – Sept 2004. The test results were evaluated at LDOPE and the SCFs by comparing the C4.1 LST products with the C4 and C5 LST products, and to the ASTER products from the same period.


The test results indicate that the C4.1 results are close to the C4 results except for some small differences due to the small differences in the C4 and C5 input products (MOD02, MOD03, MOD07, MOD10 and MOD35). This difference is within 0.4K in general and is within 0.2K in most cases. However, there are some large disagreements between C4.x and C5 over some desert and semi-arid areas. The LSTs in the C5 algorithm may be underestimated by up to 5K over theses areas (e.g. Sahel, Algeria). 


 The LSTs in C4 and C4.1 retrieved by the C4 day/night algorithm in the M*D11B1 and M*D11C series products are overestimated everywhere including lakes and vegetated regions. The emissivity values in C4 and C4.1 products are unstable and fluctuate even in the atmospheric window channels (bands 31 and 32). These are two serious problems with the C4 LST product.

Summary 

· C4 and C4.1 LST are more accurate over desert and semi-arid areas, while C5 may be more stable and accurate over other area. 

· LST from C4.1 for data days 2007001 onwards will be consistent with the LST from C4 for previous data days and hence can be combined in any time series analysis. 

· There are disagreements between the C4.x and C5 LST. It could be small over lake and vegetated areas, and could be very large over arid and semi-arid areas. Users are advised not to mix the C4.x with C5 LST products in any analysis.

PGE Update Detail (Source: Gwyn Fireman, MODIS SDST)
The following changes were made to the Land Surface Temperature Collection 4 code in order to generate LST Collection 4.1 products:


1. PGE16 changes (MOD11_L2, MOD11A1 and MOD11B1 products): 
· Input
· Uses Collection 5 MODIS inputs; some SDS names and dimensions are different from Collection 4.
· Collection 5 PGE16 uses input from both instruments.  Collection 4.1 uses only a single instrument, as was done in Collection 4.
· MCD43B1 used as BDRF input, instead of M[COY]D43B1C.
· UMD Land Cover MOD12Q1 inputs from PGE41v4.0.5 inputs, instead of PGE41v3.0.5.
· Output
· External compression on MOD11_L2, MOD11A1, and MOD11B1 products, using HREPACK.
· MODUPD files are copied to a backup area at the end of each 8-day data period
· New (to C4) Export: MOD11_L2 BROWSE product
· Algorithm
· Latitude and Longitude copied from MOD02 file instead of MOD35
· New section of code: "calculate air temperature at surface"
· Snow and lakeice now calculated for sensor_zenith < 45 degrees
· Linux compatibility
· Some variables explicitly typed and/or initialized
· Some variables defined as "int32" or "float64" in order to get the same results on both Linux and IRIX
· Use absolute floating point thresholds instead of smallest float

2. PGE32 changes (MOD11C1 product): 

Implemented MOD_PR11C1S, a completely new cloud-screening update process.  Inputs are the current day and previous 31 days of MOD11C1 product, and the MOD12C1 Yearly LandCover product.
· Output
· Cloud-contaminated pixels are removed from the MOD11_C1 product before export.  
· New (to C4) Export: MOD11C1 BROWSE product
· External compression on MOD11C1 products, using HREPACK.
· Linux compatibility
· Some variables explicitly typed and/or initialized

3. PGE58 & PGE59 changes (MOD11C2 and MOD11C3 products): 
· Output
· New (to C4) Export: MOD11C2 and MOD11C3 BROWSE products
· External compression on MOD11C2 and MOD11C3 products, using HREPACK.

4. Metadata changes (all products): 
· LocalGranuleId specifies version "041" instead of "004"
· COLLECTIONDESCRIPTIONCLASS VERSIONID = 41
· New Metadata Configuration Files; require ScienceQualityFlagExplanation to be set by PGE
C5





C41





C4





2007-001





2000-055








