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   16         This data set contains 20 Canada-wide images of overstory

   17         leaf area index (LAI) at 1km gridded resolution corresponding
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   21         projected ground surface area. Overstory LAI corresponds
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   24         through LOWESS time series averaging of 10-day period LAI

   25         estimates using 1km resolution SPOT-VEGETATION ten-day

   26         composite images produced at CCRS.  The algorithms were

   27         developed from ground measurements and Landsat TM and ETM+

   28         images (Fernandes et. al., 2003).  The data are provided

   29         in binary image format files.
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   31         The objective of this data set was to provide quantitative

   32         spatial distributions and temporal patterns of LAI for

   33         Canada during the growing season from 1998 to 2000.  The

   34         data are suitable for modeling the carbon, water, energy

   35         and trace gas exchange between the land surface and the

   36         atmosphere at regional scales.  The dataset may also be

   37         useful for monitoring changes in the land surface.
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  198   Data_Quality_Information:

  199     Attribute_Accuracy:

  200       Attribute_Accuracy_Report:

  201         This report summarizes findings in two accuracy assessment studies.

  202         The first study (Fernandes et al. 2003) was performed with data included in some of

  203         the calirbations and is therefore more indicative of precision than

  204         accuracy.  This study found that, when aggregated to 3km resolution,

  205         LAI estimates agreed with up-scaled in-situ estimates (based

  206         on Landsat) within 1 unit LAI or +/-20% (at 1 sigma) whichever was worse.

  207         Larger random errors were noted in regions with complex terrain

  208         such as mountains.  This is due to the lack of terrain corrections

  209         for both the input SPOT-VEGETATION imagery and the Landsat

  210         imagery used to upscale the in-situ LAI data.

  211         Larger bias errors were noted in wetland complexes.  This is

  212         due to the use of a shortwave infrared reflectance band for

  213         LAI retrieval.  This band is sensitive to both surface and

  214         canopy moisture content.  Wetlands exhibit persistent seasonal

  215         changes in moisture content.  In some cases these changes are

  216         correlated with vegetation LAI and hence there is no major

  217         bias.  However, an overestimate in LAI is expected immediately after

  218         snowmelt and an underestimate in LAI is expected during prolonged

219 drought conditions. Additionally exceptionally large overestimates in LAI 

220 occurr in cases where the snow screening fails and a snow covered pixel

221 is assumed snow free.  The user is cautioned to perform additional

222 temporal screening on the retrievals based on local seasonal LAI thresholds or

223 snow cover information.

  220 

  221         The second study (Abuelgaisum, Fernandes and Leblanc, in review)

  222         used new in-situ LAI data acquired in forested areas using

  223         a number of different spatial sampling schemes.  The 3km

  224         aggregated reference data agreed with the 3km aggregated VGT

  225         LAI data within 30% with bias errors on the order of 1.4 unit or lower.

  226         The major bias errors were noted in conifer regions with

  227         flat shoots (e.g. Eastern Hemlock).  This error is due

  228         to the use of predominantly cylindrical or spherical shoot

  229         species (spruce and pine) within the calibration data set.

  230         This bias can be corrected by scaling LAI by (1/1.4)

  231         to account for the error in needle to shoot area index.

  232 

  233         Temporal validation of the LAI time series in ongoing.

  234         Fernandes et al. (2004) examined the co-incidence of the relative LAI time series

  235         and in-situ phenology measurements for selected aspen

  236         sites across Canada.  The relative LAI was typically

  237         within a narrow range of 5-10% of the maximum during a

  238         specific phenology stage (leaves the size of quarters)

  239         over a number of aspen sites.

  240 

  241 
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  244     Positional_Accuracy:

  245       Horizontal_Positional_Accuracy:

  246         Quantitative_Horizontal_Positional_Accuracy_Assessment:

  247           Horizontal_Positional_Accuracy_Explanation: ~375m 1 sigma

  248     Lineage:

  249       Source_Information:

  250         Type_of_Source_Media: File Transfer Protocol

  251         Source_Time_Period_of_Content:

  252           Source_Currentness_Reference: publication date

  253         Source_Citation_Abbreviation: FTP

  254       Process_Step:

  255         Process_Description:

  256           More documentation is provided in Fernandes et al. 2003.

  257 

  258           Data pre-processing

  259 

  260           This product employs a SPOT-VEGETAION S10 dataset proivided by VITO (Belgium) under

  261           the auspcies of the SPOT-VEGETATION consortium.

  262           The data consisting of pre-processed 10-day  maximum NDVI based global

  263           composites of apparent at-surface reflectance based on radiance

  264           measurements from the VEGETATION instrument on

  265           board the SPOT 4 satellite. The S10 dataset used here includes

  266           full resolution (1km) for the calendar periods from April 11 to October 31 during

  267           1998, 1999 and 2000.  Each composite contains four at-surface apparent reflectance bands:

  268           blue (0.43-0.47 mm), red (0.61-0.68 mm), near infrared (0.78-0.89 mm), and shortwave infrared

  269           (1.58-1.75mm) and six pseudo bands including composite time specifying the acquisition time

  270           for each pixel, solar azimuth (SA), solar zenith (SZ), view zenith (VZ), and view azimuth

  271           (VA) angles. Documentation regarding this data is available at

  272           http://www.spot-vegetation.com/home/distribution/distribution16012002.html.

  273 

  274 

  275           Additional pre-processing was carried out at CCRS.

  276 

  277           Identification of contaminated pixels

  278 

  279           The CECANT (Cloud Elimination from Composites using Albedo and Normalized difference vegetation index Trend)

  280           (Cihlar, 1996; Cihlar et al., 1999) algorithm was used to identify satellite observations obscured by the

  281           atmospherics effects. The pixel-specific algorithm is based on a high contrast between land and clouds or

  282           snow/ice, especially for land covered by green vegetation, and on the difference between measured and

  283           expected NDVI values for a given pixel and composite period.

  284 

  285           Normalization to a common viewing geometry

  286 

  287           The BRDF normalization module of the VGT Manager was built using the NTAM (Non-linear Temporal Angular Model)

  288           bi-directional reflectance model (Latifovic et al., 2003). The module enables derivation of spectral

  289           band-specific NTAM coefficients on a pixel-by-pixel basis (using the VGT S01) or on a land cover type

  290           basis (using VGT S10).  In this study, the BRDF model coefficients for each VGT band were derived from

  291           a set of samples stratified by land cover. The IGBP land cover map was used to stratify and randomly select

  292           sample sets for individual land cover types during the entire growing season. For any time period, only

  293           cloud-free pixels (as indicated by CECANT) were included in the derivation of the model coefficients.

  294           The pixel land cover information and band- specific model coefficients were then used to normalize the

  295           reflectance of clear sky pixels to a common viewing geometry (view zenith angle of 0° and solar zenith angle of 45°).

  296           A sampling design that uses land cover information from another source may introduce some land cover

  297           information into the normalized data, but only on a very general level and not spatially explicit. Thus,

  298           we assume a negligible influence on the spectral clustering due to reflectance normalization based on land cover

  299           dependent BRDF model coefficients.

  300 

  301           Snow Screening

  302           The normalised difference snow index II (xx) was produced for all uncontaminated pixels.  A threshold

  303           value of NSDIII < 0 was used to identify snow covered targets which were then labelled as contaminated.

  304           This threshold was defined based on scatter plots of NDSIII data before and after snow melt where

  305           snow melt was identified by co-located in-situ snow course data over Canada.  The threshold was

  306           designed to map snow in forested and open areas and therefore tends to have a bias to false alarms

  307           (i.e. labels too much data as contaminated).  Further work on snow screening is underway for future product revisions.

  308 

  309 

  310           LAI Retrieval

  311 

  312           LAI was retrieved by applying separate land cover/land use dependent regressions to estimate LAI given an

  313           observed vegetation index derived for uncontaminated BRDF normalized SPOT-VEGETATION data.  The vegetation index

  314           differed with land cover category since they were designed both to provide accurate retrievals of LAI in best case

  315           observation conditions and to minimize atmospheric and land cover mixture impacts on dark forested targets.

  316 

  317           The following land cover/use classes were used:

  318 

  319           needleaf

  320           broadleaf

  321           grassland

  322           bare/snow

  323           water

  324           crops-corn

  325           crops-wheat

  326           crops-soybean

  327           crops-sorghum

  328           crops-alfalfa

  329 

  330           A 1km resolution Land Use Map of Canada circa 1998 (Kerr et al. xx) was used to specify the appropriate land use

  331           or land cover class for each VGT pixel.  Additionally, a forest cover fraction map (Pavlic et al. xx) was

  332           used to weight the needleaf and broadleaf algorithms over pixels labelled as forested in the 1km land use map.

  333           Shrubs were mapped as broadleaf.

  334 

  335           The regression equations as documented in Fernandes et al. 2003 and are expected to be revised when new field data

  336           is processed and assimilated.  The regressions use the simple ratio (SR) as the regressor for crops and grasslands and the infrared simmple

  337           ratio as the regressor for forested areas.  These two vegetation indices are defined as:

  338 

  339           SR = near infrared reflectance / red reflectance

  340 

  341           ISR = near infrared reflectance / short wave infrared reflectance

  342 

  343 

  344           Both Fernandes et al. (2003) and Butson and Fernandes (2004) demonstrate that the SR (or the NDVI which is functionally

  345           related to the SR) and the reduced simple ratio (RSR) introduced first by Nemani et al. (xx) can result in large (>20%) uncertainties in

  346           LAI due to atmospheric contamination.  Furtherm SR, RSR and ISR all performed similarily in terms of regression prediction

  347           confidence intervals so the ISR was selected as the primary algorithm over forests.  SR is still used over crops

  348           as there is insufficient field data to evaluate the RSR and ISR over these targets. Further, atmospheric contamination

  349           errors over crops do not have as strong an impact as over forests since crops tend to have higher red reflectances than forests.

  350 

  351           LAI Post-Processing

  352 

  353           A LOWESS time series smoother (Clevland xx) is applied to the uncontaminated LAI retrievals for a given pixel to produce

  354           continuous 10 day time series estimates.  A smoothing window with a span of 60 days and a half weight span of 30 days was applied to the data.

  355           This window will tend to reduce peak LAI values and potentially overestimate end of season values.  Work is ongoing

  356           to validate the temporal trends of the LAI data sets.  However, growing season LAI values have been reasonable

  357           well validated with up-scaled summer measurements over forests.
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