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Methods used for creating the winter habitat model: 

We acquired SPOT-5 satellite imagery (Terra Image USA, Santa Barbara,CA) for the northern portion of the study area in August 2003 and forthe southern portion in August 2004 when the project expanded toencompass a larger geographic area. We ortho-rectified SPOT-5 imagery to existing digital ortho-quads of the study area. The SPOT-5 panchromaticand multi-spectral images were combined into a single panchromatic, multi-spectral file. We then used the panchromatic 25-m2-pixel image toperform pan-sharpening to reduce the multi-spectral image pixel size from 100 m2 to 25 m2, greatly increasing the resolution of our analysis. We used eCognitione 4.0 software (DefiniensImaging, Munich, Germany) to cluster the pixels into regions representing spectrally similar ground features. We exported clusters into ArcGIS 9.2 software to create a polygon database. We collected field training points (n = 7,092) that were stratified by space and landowner access to classify 5 habitat cover classes as sagebrush, conifer, grassland, riparian, and barren. Classification accuracy assessed by withholding subsamples of data (i.e., k-foldcross-validation with 10 folds; Boyce et al. 2002) was 83% for sagebrush, 77% for conifer, 76% for grassland, 70% for riparian, and 80% for barren with an overall accuracy of 78%. We removed urban areas and strip mines from analyses.
Methods used for creating the nesting model: 

GIS Habitat Classification We acquired SPOT-5 satellite imagery (Terra Image USA, Santa Barbara, CA) for the northern portion of the study area in August 2003 and for the southern part in August 2004 when the project expanded to encompass a larger geographic area.  We rectified imagery using digital ortho-photographs from the National Agricultural Inventory Program (NAIP).  We increased resolution of analyses from 100 m2 to 25 m2 by using the 25- m2-pixel panchromatic image to perform pan-sharpening.  We used eCognition(tm) 4.06 software (Definiens Imaging, Munich, Germany) to cluster pixels into regions representing spectrally similar ground features.  We created a polygon database by exporting clusters into ArcGIS 9.2 software (Environmental Systems Research Institute, Redlands, CA).   We manually digitized agriculture, urban, water, and strip mines visually discernible on 1-m NAIP photos and pan-sharpened SPOT-5 imagery.  We also collected field training points (n = 7,092) stratified by area and land ownership to classify 6 habitat cover classes: sagebrush, sagebrush/grassland mix, grassland, conifer, riparian and sparse vegetation.  We also used training points to identify a cut off value for classifying sparse vegetation.  Sparse vegetation was classified as those areas >1.5 SD below the mean spectral values for SPOT bands 1-4, Normalized Difference Vegetation Index, and the first principal component of the SPOT-5 imagery.  

Final classification was a two-stage process.  After manually digitized polygons for agriculture, water, mine, and urban areas were removed, we classified the landscape into three cover classes including prairie, riparian and conifer.  Stage 1 cross validation accuracies using k-fold validation with 10 folds (Boyce et al. 2002) were 93.6% for prairie, 87.8% for riparian and 73.3% for conifer.  We used photographs collected from an additional 716 training points to further sub-divide the prairie class into grassland, sagebrush/grassland mix (<10% sagebrush canopy cover) and moderate to high-density sagebrush (>10% sagebrush canopy cover).  We identified cut off values for these new classes using descriptive statistics that characterized the multi-spectral information from raw satellite imagery within each polygon segment.  Stage 2 accuracies within the prairie class were 97.0% for sagebrush, 71.6% for grassland, and 72.3% for sagebrush/grassland mix.  Misclassification rates within the prairie class were < 3%.  

Refer to the following paper for more information about the winter habitat model:
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ABSTRACT Recent energy development has resulted in rapid and large-scale changes to western shrub-steppe ecosystems without acomplete understanding of its potential impacts on wildlife populations. We modeled winter habitat use by female greater sage-grouse(Centrocercus urophasianus) in the Powder River Basin (PRB) of Wyoming and Montana, USA, to 1) identify landscape features that influencedsage-grouse habitat selection, 2) assess the scale at which selection occurred, 3) spatially depict winter habitat quality in a Geographic Information System, and 4) assess the effect of coal-bed natural gas (CBNG) development on winter habitat selection. We developed a model of winter habitat selection based on 435 aerial relocations of 200 radiomarked female sage-grouse obtained during the winters of 2005 and2006. Percent sagebrush (Artemisia spp.) cover on the landscape was an important predictor of use by sage-grouse in winter. The strength of habitat selection between sage-grouse and sagebrush was strongest at a 4-km2 scale. Sage-grouse avoided coniferous habitats at a 0.65-km2 scaleand riparian areas at a 4-km2 scale. A roughness index showed that sage-grouse selected gentle topography in winter. After controlling for vegetation and topography, the addition of a variable that quantified the density of CBNG wells within 4 km2 improved model fit by 6.66Akaike’s Information Criterion points (Akaike wt¼0.965). The odds ratio for each additional well in a 4-km2 area (0.877; 95% CI¼0.834–0.923) indicated that sage-grouse avoid CBNG development in otherwise suitable winter habitat. Sage-grouse were 1.3 times more likely to occupy sagebrush habitats that lacked CBNG wells within a 4-km2 area, compared to those that had the maximum density of 12.3 wells per 4km2 allowed on federal lands. We validated the model with 74 locations from 74 radiomarked individuals obtained during the winters of 2004 and 2007. This winter habitat model based on vegetation, topography, and CBNG avoidance was highly predictive (validation R2¼0.984). Ourspatially explicit model can be used to identify areas that provide the best remaining habitat for wintering sage-grouse in the PRB to mitigate impacts of energy development. (JOURNAL OF WILDLIFE MANAGEMENT 72(1):187–195; 2008)

