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Executive Summary 
 
This report describes land cover mapping, snow cover scenario mapping and change 
detection work completed using satellite data and existing maps for a large area of central 
Wyoming between June 2005 and December 2009.  This work articulates with other similar 
projects that have  been completed in Wyoming or that are planned for the future, and 
provides more detailed geospatial data for land managers across the broad area than has 
been available previously. 
 
Specifically, land cover was mapped by Wyoming Geographic Information Science Center 
(WyGISC) personnel using Landsat5 Thematic Mapper (TM), National Aerial Photography 
Program (NAPP), and Shuttle Radar Topography Mission (SRTM) imagery for a 6,490,062  
acre area of Central Wyoming.   Landcover information is provided at 2 acre minimum 
mapping units (MMUs) as 0.222 acre pixels (i.e. 30m on a side raster file pixels). 
 
Snow cover maps were created from Landsat TM satellite data that depict fractional snow 
ŎƻǾŜǊ ŦƻǊ ŀƴ άŀǾŜǊŀƎŜέ ŀƴŘ άƘŜŀǾȅέ ǎƴƻǿ ȅŜŀǊΣ ŀǎ determined in consultation with  
Wyoming Game and Fish and Bureau of Land Management field personnel and by 
comparison of SNOTEL snow water equivalent data to long-term average snow water 
equivalent for stations in the study area.  These maps, though necesǎŀǊƛƭȅ άǎƴŀǇǎƘƻǘǎέ ƻŦ 
snow cover on the targeted dates, provide information on winter habitat availability.   
 
Land cover change visualization maps were also produced using Landsat Thematic Mapper 
(TM) satellite data collected at 5 year intervals from the mid-1980s until the present (2009).  
These products highlight changes in vegetation cover using remote sensing change detection 
algorithms and enhancements chosen to emphasize changes in the amount of green 
vegetation and in the amount of bare, exposed soil.  This series of change images can 
provide land managers with information about habitat gain and loss during the last ~30 
years in central Wyoming. 
 
All of these products are described in detail in this report and provided as digital GIS data in 
ArcGIS (v. 9.3.1) map documents.  Users should ensure that these products are appropriate 
for specific management or other applications, as is the case for all geospatial data.   
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Chapter 1 

 
Introduction and Objectives 

 

 

1.1  Background 

 Mapping and monitoring land cover and animal habitat are critical components of 
environmental management.  The project described in this report is a step towards creating 
a spatially consistent land cover database for Wyoming and has been designed to articulate 
with similar projects that have been completed or are planned or underway elsewhere in 
the state.   In this report we describe the methods used to create land cover maps, change 
detection visualizations and snow cover scenario maps, and we provide guidance on 
interpretation of these products while offering discussions of how they should best be used.  
Appendices include relevant technical data and tabular results.   
 
 This project was funded in the June 2005 and draft products were completed in 
November 2009 and distributed for review.   
 

1.2  Objectives 

 The general objective of this work was to produce three thematic products for the 
study area in central Wyoming (Fig. 1.1).  These products include:  existing land cover, snow 
cover for high and average snow scenarios, and change analysis on 5 year intervals since 
1985.   
 
Specifically, we: 
 

1. Used our satellite image archive and our unique relationship with the USGS EROS 
Data Center to help the WGFD identify and acquire the best imagery for this 
project. 

2. Modeled natural vegetation (see Chapter 3) using Classification and Regression 
Tree (CART) analysis of remotely sensed imagery and topographic variables guided 
by training data collected during four field seasons (see Chapter 2) and existing 
ancillary data. 

3. Mapped land use types in the Lander mapping region using GIS analysis or aerial 
photograph interpretation (see Chapter 4). 

4. Mapped snow cover in the study areas using the Normalized Difference Snow 
Index, a commonly used snow enhancement algorithm (see Chapter 5). 

5. Highlighted changes in land cover at 5 year intervals using commonly used change 
detection algorithms including image subtraction and change stack visualizations 
(see Chapter 6). 
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1.3 Description of WyGISC 
 
 WyGISC is unique in mission, scope, size and numbers of trained personnel in 
Wyoming with a staff of 19 full and part-time persons.  Computer arrays in a central server 
complex provide operational software, computational power, and data for WyGISC, UW, 
and, through data serving arrays, the state and nation.  As the primary source of digital 
spatial data for Wyoming, it serves 150 Gb of spatial data via web servers, 350 Gb via Oracle 
servers, and over 2 Tb as imagery, including satellite data and orthophotos.  It performs 
applied research on behalf of many federal (e.g. USDA-ARS and NRCS, USGS, BLM and 
USFS), state (e.g. Dept of Environmental Quality, Game & Fish, Water Conservation 
Commission, Geological Survey and State Engineer), and private clients using GIS, GPS, 
remote sensing and data serving tools.  WyGISC administers GIS and remote sensing 
software licenses (Erdas Imagine, ENVI, ArcGIS, See5) and provides technical support, 
project collaboration and spatial data for university personnel.  In addition it presents 
professional training courses in its dedicated fixed and mobile labs for personnel 
throughout the state and region.  WyGISC actively participates with other state agencies in 
the development of geospatial capacity throughout the public and private sectors.  The 
Remote Sensing Unit at WyGISC was established in 2001 under the leadership of Dr. 
Kenneth L. Driese.     
 

1.4 Project Management 
 
 The Principal Investigator on this project was Eli Rodemaker (M.S.).  Eli has 15 years 
of experience both in the private sector and academia using remote sensing and other 
geospatial tools to map, monitor and study vegetation in the intermountain west and the 
northwestern U.S.  Eli was responsible for the hands-on project management and much of 
the analysis performed for this project.   
 
 Arne Buechling, WyGISC Staff Vegetation Ecologist, developed the land cover 
vegetation modeling for the montane regions, see chapter 3 for explanation, assisted in 
compilation of all field training data for land cover, see chapter 2 for explanation.  Arne also 
developed a riparian floodplain model for use in the modeling of land cover, see chapter 3 
for explananation. Additional analysis was performed by Travis Yeik, Research Technician, 
especially for the snow cover and change detection tasks. 

 
1.5 Description of Study Area 

 
 The study area for this project included 6,490,062 acres in central Wyoming ranging 
in landforms from the Wind River valley, across desert basins, rims and plateaus, to medium 
stature isolated mountains such as Crooks and Green Mountains and included the eastern 
flank of the Continental Divide of the Wind River Mountains (Fig. 1.1).  Moisture ranges 
from an average of 36 inches per year in the mountains to 8 inches per year (USDA, 1999).   
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 The mapping region is contained within portions of Fremont, Natrona, Hot Springs, 
Sweetwater, and Carbon Counties.   The lower elevation lands of the region experience a 
semi-desert climate regime and land cover is dominated by shrubs, grasses, and barren 
lands with occasional stands of limber pine, juniper, and other woody species (See Chapter 
3 for a detailed description of land cover).   
 
 Land cover mapping using Classification and Regression Trees (CART), GIS analysis, 
and image interpretation with remotely sensed data is described in Chapters 2, 3, and 4 of 
this report.   Snow cover mapping and change detection for this mapping region are 
described in Chapters 5 and 6, respectively.  This area was buffered by 3 km to facilitate 
future edge matching with adjacent areas.  All three product types were buffered.  
 
 

 
Figure 1.1.  The extent of the study area superimposed on a map of Wyoming county lines 
with mapping region label in red.  Land use and land cover, snow mapping, and change 
detection were performed for the entire study area, including a 3 km buffer (not shown).   
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1.6 Report Overview 
 
 The chapters in this report correspond to the major tasks that were completed to 
produce the digital land cover, snow, and change products for southwestern Wyoming.  
Chapter 2 describes field data collection techniques used during the two field seasons that 
occurred in the project period.  Chapter 3 describes land cover mapping in the Lander 
mapping region, unique in that this region was mapped by WyGISC from imagery rather 
than from existing map products.  Chapter 4 describes the production of non-natural cover 
types with GIS and image interpretation analyses and the intergration of the products into a 
region-wide product at 2 acre MMU.  Chapter 5 describes snow cover mapping which was 
done for all mapping regions.  Change detection methods and products are described in 
Chapter 6 followed by a concluding chapter (Chapter 7).  Appendices provide technically 
relevant information that is too lengthy to include in the report narrative or that does not fit 
logically into a single chapter. 
 
 

1.7 Literature Cited 
 
USDA, NRCS.  1999. Wyoming Annual Precipitation.  National Cartography and Geospatial 

Center, Ft. Worth, TX. 
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Chapter 2 

 

Land Cover Mapping: Field Data Collection 

 
 

2.1. Background 
 

Any remote sensing based land cover classification rests on the back of field data 
and the creation of the Lander mapping region was no exception.  Extensive field data were 
collected for this area during from 2005 to 2009 supporting both CART modeling of natural 
cover types and to guide photointerpretation and GIS mapping of anthropogenic types.  The 
field data themselves are a valuable data set and we devote this chapter to describing how 
they were collected and used. 

 
2.2. Sampling Scheme 

 
Land cover samples were collected for features at the appropriate mapping scale 

and image resolution to meet the requirements of the technologies used to create the 
Lander map, which included remote sensing and CART modeling.  The principal remote 
sensing instrument was the Landsat 5 Thematic Mapper (TM5).  As a basis of mapping, 
satellite resolution inherently controls the spatial scale of mapping and sampling.  TM5 has 
a spatial resolution of 30 meters, meaning that each image pixel represents a square area 
on the ground 30 m on a side (900 m2 total area).  To ensure confident association of 
individual image pixels, whose position includes some spatial uncertainty, to on-the-ground 
cover samples, it is necessary to sample large homogenous areas much larger than a single 
pixel.  For this project minimum sampled areas were 1 ha.   Since the satellite samples areas 
of homogeneous terrain as well as transitional or mixed areas, field reference sites were 
limited to the interior of terrain units, away from edges, where only sampleǎ ƻŦ ǘƘŜ ΨǇǳǊŜΩ ƻǊ 
homogeneous terrain are sampled.   

 
Field crews were instructed to sample with no a priori assumptions about land cover 

patches other than scale limitations.  Crews were instructed to travel to an area and fully 
sample all perceived types in the area as access allowed.  In this way the sampling protocol 
can be described as stratification by access (roads, ownership) and was quasi-random within 
strata.  There is no requirement for unbiased sampling to build a classification model like 
the one we used for this project but instead importance is placed on representing all target 
ŎƻǾŜǊ ǘȅǇŜǎ ǿƛǘƘ ŦƛŜƭŘ ŘŀǘŀΦ  hǳǊ ǎŀƳǇƭƛƴƎ ǎŎƘŜƳŜ ŀǘǘŜƳǇǘŜŘ ǘƻ ΨŀŘǾŀƴǘŀƎŜƻǳǎƭȅΩ ǎŀƳǇƭŜ 
the breadth of recognizable environmental gradients in the mapping region.  Field crews 
were provided with a type list (classification) as reference but were encouraged to 
recognize potential new types.  Crews were therefore not limited to predefined strata, only 
to sampling at an appropriate spatial scale. 
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2.3. Sampling Protocols 
 

The primary goal of the field protocol was to provide samples of homogeneous 
ǘŜǊǊŀƛƴ ǳƴƛǘǎ ŀǘ ǘƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ǎŎŀƭŜΦ  ¢ƘŜ ǎŀƳǇƭƛƴƎ ǇǊƻǘƻŎƻƭ ǎŜƭŜŎǘǎ ǘƘŜ ΨǇǳǊŜΩ ǇƛȄŜƭǎ ƛƴ ǘƘŜ 
ŎŜƴǘŜǊ ƻŦ ŀ ǘŜǊǊŀƛƴ ǳƴƛǘ ŀƴŘ ŜƭƛƳƛƴŀǘŜǎ ΨŜŘƎŜΩ ǇƛȄŜƭǎ ǿƘƛŎƘ ŀǊŜ ƴƻǘΦ   

 
Reference data were collected by multiple field crews.  Some crews used a GPS and 

laptop with remotely sensed imagery and GIS layers as reference.  These crews delimited a 
GIS polygon over the imagery as a spatial sample of a field reference site.  Other crews used 
a GPS unit and described the spatial relationship of the field reference site to a GPS 
ŎƻƻǊŘƛƴŀǘŜΦ  !ƭƭ ŎǊŜǿǎ ŎƻƭƭŜŎǘŜŘ ǎƛǘŜ ǇƘƻǘƻǎ ŀƴŘ ŎƻƳǇƭŜǘŜŘ ŀ Ψǘǿƻ ǇŀƎŜΩ ŦƛŜƭŘ ŦƻǊƳ όƻǊ ŘƛƎƛǘŀƭ 
GPS Data Dictionary) containing spatial, terrain, and floristic data fields for each sample site.  
Field collection data included notes on perceivable anthropogenic impact, soil color, 
relationship to neighboring sites, and the sampling confidence or fitness of the unit type.  
See Appendix A for an example field form, the data collection instructions and foliar cover 
chart examples.  Appendix B includes the cover type list.   

 
The sampling protocol, partly due to the demands of the modeling technique, relied 

on a large sample size in trade for some level of detail and precision in measurement.  The 
primary tool for estimation of vegetation cover was ocular estimation.  Cover for the 
project, including field sampling and classification purposes is a measure of all plant tissues 
(living and dead) above the ground.  In order to provide consistency among field crews and 
ǿƛǘƘƛƴ ŀ ŎǊŜǿ ŦǊƻƳ Řŀȅ ǘƻ ŘŀȅΣ ŎǊŜǿǎ ǳǎŜŘ άŎƻƳǇŀǊƛǎƻƴ ŎƘŀǊǘǎ ŦƻǊ Ǿƛǎǳŀƭ ŜǎǘƛƳŀǘƛƻƴ ƻŦ 
ŦƻƭƛŀƎŜ ŎƻǾŜǊέ ŀŘŀǇǘŜŘ ŦǊƻƳ ¢ŜǊǊȅ ŀƴŘ /ƘƛƭƛƴƎŀǊ ό!ƴŘŜǊǎƻƴ мфусύΦ  hŦǘŜƴ ǘŜǊƳŜŘ ǘƘŜ άtŜǘǊƛ 
5ƛǎƘέ ŎƘŀǊǘǎΣ ǘƘŜȅ ǇǊƻǾƛŘŜ ŀ ŎŀƭƛōǊation to various foliar covers in different spatial patterns.  
See Appendix 1 for an example.  Importantly, all crews were also trained together in 
multiple seminar and field trip meetings early in the project and as calibration regrouped 
during the field season on multiple occasions.  At the trainings, crews used line-intercept 
and quadrat sampling methods as well as ocular estimation at test areas to become 
experienced with sampling cover.  At the calibration meetings, crews again compared ocular 
estimates to line-intercept or quadrat sampling as well as reviewed sampling protocols and 
planned target areas or types.  Through the field season crews were encouraged to employ 
line-intercept or similar sampling as needed to retain estimation confidence. 

 
Crews also received training from botanical experts on vegetation species 

identification.  As needed, crews were instructed to collect specimens of unknown species 
with significant abundance.  These unknown species were either identified by local experts 
or, in the case of some sagebrush, using ǘƘŜ ΨōƭŀŎƪ ƭƛƎƘǘΩ ŦƭƻǊŜǎŎŜƴŎŜ ǘŜŎƘƴƛǉǳŜΦ  {ŀƎŜōǊǳǎƘ 
ǎǇŜŎƛŜǎ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ŀƴŘ ƴƻƳŜƴŎƭŀǘǳǊŜ ŦƻƭƭƻǿŜŘ !ƭƳŀ ²ƛƴǿŀǊŘΩǎ нллп ό²ƛƴǿŀǊŘ нллпύ 
ǘǊŜŀǘƳŜƴǘ ǿƛǘƘ ŎǊƻǎǎ ǊŜŦŜǊŜƴŎŜ ǘƻ !ƭŀƴ .ŜŜǘƭŜΩǎ мфун ǘǊŜŀǘƳŜƴǘ ό.ŜŜǘƭŜ ŀƴŘ WƻƘƴǎƻƴ мф82) 
and other previous publications or treatments from neighboring states such as Montana 
and Idaho (Beetle 1960, Frisina and Wambolt 2004, Tart 1996, Hironaka et.al. 1983, 
wƻǎŜƴǘǊŜǘŜǊΣ нллоύΦ  Ψ.ƭŀŎƪ ƭƛƎƘǘƛƴƎΩ ƻŦ ǎŀƎŜ ǎǇŜŎƛŜǎ ŦƻƭƭƻǿŜŘ ǘƘŜ ǇǊƻŎŜǎǎ ŀƴŘ ŦƭƻǊescence 
categorization of Rosentreter (2003) and Rinkes (2006). 



7 

 

 
Figures 2.1 and 2.2 (below) show example GIS data generated during field sampling.  

Examples of samples where polygon spatial information was digitized in the field with a 
laptop computer are shown in Figure 2.1.  Figure 2.2 shows an example where point based 
data were collected with differentially corrected GPS waypoints. 
 

 
 
Figure 2.1.  One-meter color infrared imagery on the left and Landsat Thematic Mapper 
(TM5) imagery on the right with GIS overlay of two polygons digitized in the field for spatial 
samples of terrain units. 
 

 
 
Figure 2.2.  Differentially corrected GPS waypoints used to reference sampled terrain units. 
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Ultimately, field reference data were used to sample specific Landsat Thematic 
Mapper pixels (30 x 30 m or 900 m2).   To do this, the GPS-collected field data were 
translated from points to a spatial extent using information about each sample point.  For 
instance, some of the sites inaccessible to the field crews were moved in the lab based on 
field notes.  Further, as mapping strata were refined, the spatial position of the GPS and 
polygon data were reviewed and sometimes adjusted based on field notes and remotely 
sensed imagery, e.g. into a more representative pixel or pixels.  In general the spatial extent 
of the samples generated from GPS only were kept small due to subjectivity of interpreting 
field notes and the relative inexperience of the field crew.  An example of the derived 
spatial samples is shown in Figure 2.3. 
 

 
 
Figure 2.3.  1m Color Infrared Aerial imagery on the left with Landsat Thematic Mapper on 
the right.  On both images GIS overlays of the GPS waypoints and a polygon overlay of the 
derived spatial sample are shown. 
 

2.4 Field Data Ordination 
 

Mapping strata were refined by a process of ordination, where each field reference 
site was investigated for fitness to the classification.  This process resulted in both a verified 
and potentially revised classification, and a verification and potential modification of the 
samples themselves.  In this process samples were sometimes relabeled or spatially 
adjusted to provide better representation of cover types.   The ordination was an iterative 
process and was revisited during modeling as required to improve the model result.  While 
heavily reliant on the field data statistics published references were used to investigate 
known plant associations.  Electronic databases, such as the USDA Forest Service Fire Effects 
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Information System (http://www.fs.fed.us/database/feis/plants/) and the USDA NRCS 
PLANTS Database (http://plants.usda.gov/) were referenced as well. 
 

During ordination the spatial position of the field polygon was verified and often 
shifted to representative neighbor pixels.  The ordination also helped highlight under-
sampled types.  Additional reference samples were created by photo-interpretation 
techniques and inference from the existing field samples.  In the lab, additional reference 
samples were created for the types: Aspen, Aspen-Conifer and Limber Pine (3 closure 
classes), Juniper, Juniper-Sage and Mixed Xeric Mountain Shrubs.    
 

 
 
Figure 2.4.  1m Color Infrared Aerial imagery on the left with Landsat Thematic Mapper on 
the right.  On the left GIS overlays of the GPS waypoints is shown with spatially corrected 
sample.  On the right are also the two GIS point and polygon overlays with the final sample 
set as colored pixels used in the modeling process.  The final sample set of pixels are color 
coded by the ordination results, showing two types model. 
 

2.5 Results 
 

Field data were mainly collected in 2005 and 2006 with additional samples added in 
2007, 2008, and 2009.  Personnel collecting field data included Wyoming Game and Fish 
5ŜǇŀǊǘƳŜƴǘ ǎǘŀŦŦ ŀƴŘ ǘƘŜƛǊ ƛƴǘŜǊƴΣ ǘǿƻ ŦƛŜƭŘ ŎǊŜǿǎ ŦǊƻƳ ǘƘŜ .[aΩǎ Chicago Botanical 
Gardens Internship program, US Fish and Wildlife Service staff and their intern, and 
WyGISC.  The total number of field sites visited on the ground was 2,662 (Figure 2.5).  
Additional samples were digitized in the lab using photointerpretation techniques.  These 
additional samples were only added to the dependent variable (raster) dataset used in CART 

http://www.fs.fed.us/database/feis/plants/
http://plants.usda.gov/


10 

 

modeling.  In total the field and lab-generated sites translated to 17243 pixels or samples 
used as the statistical population.   

 
Field data was stratified into two model domains; one for high elevation areas in the 

Wind River Mountains and southern Absaroka Range and another for the remainder of the 
study area.  The montane model was able to use 294 field collected sites, but we were able 
to leverage efforts by the US Forest Service (USFS) Region 2, Shoshone National Forest, and 
Wyoming Game and Fish Department to boost the total number of training sites to 964 for 
a total of 3,474 pixels or samples   The additional data was derived by interpreting a soils 
field data set collected by Kent Houston at the Shoshone Forest, the USFS Region2 dataset 
R2Veg, and the WGFD southern Wind River Mule Deer Herd Habitat Management Plan 
developed by Jack Welch.  In all 32 types were modeled for the montane model.  The 
remainder of the mapping area produced a CART model of 82 types (84 types were present 
in the field dataset lotic and lentic water samples were excluded from the CART model).  
The lower elevation model used 2,368 field collected sites for a total of 13,769 pixels or 
samples. 
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Figure 2.5.  Landsat Thematic Mapper image with locations of reference samples as GIS 
overlays.  Red samples were collected during the field survey and yellow sites were added in 
the laboratory. 
 

2.6 Conclusions 
 

Application of a terrain and image spectral modeling approach, in this case with 
CART, is limited by the completeness of the reference population across the range of terrain 
and vegetation gradients.  This completeness is measured by how the breadth of a range is 
sampled and the precision of samples within the range.  Measures of fitness for this type of 
modeling will be related to both sample population completeness and the fitness of the 
ordination of the sample population.  Areas or modeling elements that do not fit well can 
be shown to be either deficiencies in modeling and ordination or, interestingly, related to 
the continuous nature of gradients across the terrain being forced into a discrete 
classification.  For instance, areas of low fitness may represent ecotones, mixed, or 
transitional areas with mixed plant communities or, as is common in Wyoming vegetation, 
the area may represent areas of unknown or mixed genetic composition.  The archetypal 
example of mixed genetics are continuous stands of big sagebrush hybrids (e.g. 
DƻǎƘǳǘŜκ.ƻƴƴŜǾƛƭƭŜ Ψ.Ω ōƛƎ ǎŀƎŜōǊǳǎƘ ƻǊ ¢ŀƭƭ .ƭŀŎƪ ǎŀƎŜōǊǳǎƘύ ƻǊ ǎǘŀƴŘǎ ǿƛǘƘ ƳƛȄŜŘ 
community composition such as a black sage co-dominant with big sage stands. 

   
A primary goal of this mapping effort is to identify the type mapping potential 

(classification) for the mapping area, increase understanding of vegetation communities on 
the landscape, and develop technologies to discriminate appropriate types.  The field data 
collected for this project are the basis of this work.  In the case of the Lander mapping effort 
our classifification is shown in Appendix B. Mixed community composition not present in 
our classification such as black sage co-dominant with Wyoming big sage was typed as the 
more rare type black sage. 
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Chapter 3 
Land Cover Mapping:  Natural Cover Type Modeling 

 
 

3.1 Background 

 The Wyoming Game and Fish Department in partnership with the USDI-Bureau of 
Land Management ςWyoming recognize the need for statewide Land Use and Land 
Cover (LULC) maps.  The WGFD and BLM have both conducted more recent mapping 
effoǊǘǎ ŦƻǊ ǎŜƭŜŎǘ ǊŜƎƛƻƴǎ ƻŦ ²ȅƻƳƛƴƎ ŀƴŘ ŀǊŜ ǿƻǊƪƛƴƎ ǘƻ ΨŦƛƭƭ ƛƴΩ ŀ ǎǘŀǘŜ ƳŀǇ ǿƛǘƘ 
ongoing region-level mapping projects.  These maps are useful for many endeavors such 
as vertebrate animal habitat analysis and stratification for inventory and monitoring, and 
2vegetation health assessments to name a few.    
 
 The primary impetus for the product described in this chapter was habitat 
assessment, inventory, and monitoring for portions of a sagebrush-steppe and semi-arid 
desert ecosystem in central Wyoming (the Lander mapping region described in Chapter 
1).  This area is undergoing widespread oil and gas extraction and infrastructure 
development.  The area also hosts important habitat for large populations of sagebrush 
obligate species such as greater sage grouse, pronghorn antelope, Rocky Mountain elk, 
mule deer, and many other animals.  The primary goal of this mapping effort was to 
create an LULC map suitable for Greater Sage-grouse (Centrocercus urophasianus) 
habitat inventory.  To that end a map was needed with 2 acre Minimum Mapping Units 
and detailed strata attributes including floristic composition and canopy closure. The 
mapping effort was also intended to assist in Range Management Planning efforts of the 
BLM for the Lander Field Office Area.  Further with support from the USFWS the 
mapping product included the Wind River Indian Reservation. 
 
 To create this product, WyGISC used an algorithm known as Classification and 
Regression Tree (CART) analysis (Quinlan 1986, 1993) supported by extensive field data 
collection (See Chapter 2) to classify Landsat Thematic Mapper (TM) imagery.  This 
technique allowed the analyst to model cover types based on spectral characteristics in 
combination with ancillary data that helped solve spectral confusion.  Consequently, 
CART could better distinguish the cover types desired by habitat managers in Wyoming 
than methods based on spectral data alone.   
 

3.2 Stakeholder Involvement 

Because this project included multiple stakeholders with differing data needs, 
their participation in planning and implementation of the mapping was critical.  
Stakeholder personnel, in this case from federal and state land management agencies, 
working at regional, local, and site levels, formed a working committee to identify 
common needs and help guide the project.  The working committee for this project 
reviewed user needs, project scope and timelines, and developed an initial classification 
scheme as part of a Southwest Wyoming mapping project (Rodemaker and Driese, 
2006); efforts in Central Wyoming set to follow the strategies implemented in that 
project and improve on those results where possible. Results of these initial meetings 
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allowed WyGISC to develop a more formal project plan tailored to multi-agency 
collaborative implementation.   
 

3.3 Classification Scheme 
 

The development of a classification scheme is an important and often under-
ŜȄŀƳƛƴŜŘ ŦŀŎŜǘ ƻŦ ŀ ƳŀǇǇƛƴƎ ǇǊƻƧŜŎǘΦ  CŀŎǘƻǊǎ ŀŦŦŜŎǘƛƴƎ ΨŀǇǇǊƻǇǊƛŀǘŜƴŜǎǎΩ ƻŦ ŀ 
classification include: user needs, the availability of resources and technology, and the 
setting to be mapped.  General land cover mapping goals developed for this project 
included 2 acre MMUs with attributes suitable for habitat management in general and 
sage grouse habitat evaluation in particular.  An initial classification was developed from 
the recommendations of the collaborative committee (see 3.2 above) and on 
coordination with other ongoing statewide activities. Early in this project, experts from 
habitat and fire mapping programs met with the project manager (Rodemaker) and 
developed a target classification.  This classification was provided to other experts within 
the mapping region for further review.  Once this classification scheme was approved 
and finalized, the project manager developed a field sampling protocol (Chapter 2). 

 
 The ²ȅƻƳƛƴƎ DŀƳŜ ŀƴŘ CƛǎƘ 5ŜǇŀǊǘƳŜƴǘΩǎ ²ƛƭŘƭƛŦŜ hōǎŜǊǾŀǘƛƻƴ {ȅǎǘŜƳ ǾŜǊǎƛƻƴ 
22 Jan, 1997 (WOS97) was used as the basis of cover type classification.  Some cover 
types were categorized into more detailed classes by aerial cover (Table 3.1).  Cover for 
the project, including field sampling and classification purposes is a measure of all plant 
tissues above the ground.  For types mapped with closure or cover categories, three 
breaks were implemented to derive low, medium, and high classes.  Definition of cover 
breaks were developed by the working committee based on needs of Greater Sage-
grouse habitat management and fire fuels management programs.  Shrub and 
herbaceous types mapped to cover classes were broken using important habitat 
characteristics noted in Greater Sage-grouse habitat analysis and utilization documents 
(Connelly et. al. 2000, Hagen et. al. 2007, and Connelly et. al. 2003).  Forested types 
mapped to closure classes mainly followed definitions desired by fire fuels mapping and 
management experts (Schmidt et. al. 2002). 
 

The resulting classification provided a framework for ordination of cover types 
statewide based on the expert knowledge of the committee, user needs, and literature.  
The classification is hierarchically organized from coarser to finer definitions of cover 
types.  At the coarsest level of the classification the hierarchy follows land use or 
physiognomic definitions.  Subsequent levels are defined along floristic or land use 
characteristics.  Most cover types at these finer levels equate to plant community, 
association, or alliance level classes.  Other cover types correspond to specific definitions 
of land use (e.g. urban) or land type (e.g. barren or sand dune).  Finally, at the most 
detailed level of classification some cover types are separated by canopy cover/closure, 
or herbaceous cover class definitions.  To be considered a vegetated cover type, 
vegetative cover had to be greater than 5% sagebrush cover or greater than 7.5% total 
vegetation cover.  Cover type units of appropriate size with less vegetation than these 
definitions were classed as a non-vegetated land use or land cover type. 
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Unless a mapping region has been thoroughly studied and previously mapped 
using similar techniques; a classification should be flexible to allow incorporation of 
unanticipated cover types.  The initial phases of field investigation are largely aimed at 
validating and potentially modifying the target classification.  This resulted in some 
classes being dropped, renamed, or added to the classification, resulting in the list of 
mapped types shown in Table 3.1 below. 

 
Table 3.1.  Land cover types occurring in the final LULC map for the Lander mapping 
region and mapped for this project.   The Cell Value is the code that occurs in the map 
file provided as a deliverable.  The Cover Type Code is the code used to designate cover 
types in the WOS 1997 classification.  The Cover Type Description describes the 
dominant species or physiognomic type for each mapped type and in some case the 
amount of canopy closure.  
 

Cell Value 
Cover 

Type Code 
Cover Type Description 

3 01.10.1 Lodgepole Pine 20-32% closure 

4 01.10.2 Lodgepole Pine 33-67% closure 

5 01.10.3 Lodgepole Pine >67% closure 

11 01.20.1 Douglas Fir 20-32% closure 

12 01.20.2 Douglas Fir 33-67% closure 

13 01.20.3 Douglas Fir >67% closure 

15 01.25.1 Spruce 20-32% closure 

16 01.25.2 Spruce 33-67% closure 

20 01.30.2 Spruce-Subalpine Fir 33-67% closure 

21 01.30.3 Spruce-Subalpine Fir >67% closure 

39 01.60.1 Limber Pine 20-32% closure 

40 01.60.2 Limber Pine 33-67% closure 

41 01.60.3 Limber Pine >67% closure 

43 01.61.1 Limber Pine-Douglas Fir 20-32% closure 

44 01.61.2 Limber Pine-Douglas Fir 33-67% closure 

45 01.61.3 Limber Pine-Douglas Fir >67% closure 

47 01.70.1 Whitebark Pine 20-32% closure 

48 01.70.2 Whitebark Pine 33-67% closure 

51 01.80.1 Mixed Conifer-Juniper 20-32% closure 

52 01.80.2 Mixed Conifer-Juniper 33-67% closure 

55 01.90.1 Mixed Conifer-Dominant 20-32% closure 

56 01.90.2 Mixed Conifer-Dominant 33-67% closure 

57 01.90.3 Mixed Conifer-Dominant >67% closure 

59 01.94.1 Conifer-Aspen 20-32% closure 

60 01.94.2 Conifer-Aspen 33-67% closure 

69 02.10.1 Aspen 20-32% closure 

70 02.10.2 Aspen 33-67% closure 

71 02.10.3 Aspen >67% closure 

73 02.20.1 Aspen-Conifer Mix 20-32% closure 

74 02.20.2 Aspen-Conifer Mix 33-67% closure 
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Cell Value 
Cover 

Type Code 
Cover Type Description 

75 02.20.3 Aspen-Conifer Mix >67% closure 

77 02.30.1 Cottonwood-Riparian 20-32% closure 

78 02.30.2 Cottonwood-Riparian 33-67% closure 

79 02.30.3 Cottonwood-Riparian >67% closure 

88 03.20 Juniper 

91 03.21 Juniper-Sage 

94 03.35 Juniper-Limber Pine 

101 04.20 Greasewood   

102 04.21 Greasewood-Sagebrush 

103 04.22 Greasewood-Saltbush 

104 04.41 Saltbush 

105 04.45 Saltbush-Sagebrush 

107 04.60 Birdfoot Sage 

108 04.70 Mixed Desert Shrubs 

109 04.90 Other Desert Shrubs 

110 04.80 Mixed Desert Shrubs 2 

116 05.11.2 Basin Big Sagebrush 16-25% closure 

117 05.11.3 Basin Big Sagebrush >25% closure 

119 05.12.1 Wyoming Big Sagebrush 5-15% closure 

120 05.12.2 Wyoming Big Sagebrush 16-25% closure 

121 05.12.3 Wyoming Big Sagebrush >25% closure 

123 05.13.1 Mountain Big Sagebrush 5-15% closure 

124 05.13.2 Mountain Big Sagebrush 16-25% closure 

125 05.13.3 Mountain Big Sagebrush >25% closure 

126 05.14 Black Sagebrush 

127 05.15 Mountain Silver Sagebrush 

128 05.16 Wyoming Three-tip Sagebrush 

129 05.17 Alkali/Early Sagebrush 

131 05.19 Plains Silver Sagebrush 

132 05.20 Rabbitbrush 

134 05.29 Other Big Sagebrush 

141 05.41 Bitterbrush-Sagebrush 

143 05.94 Mixed Xeric Mountain Shrub 

144 05.33 Fringed Sage 

145 05.95 Willow-Upland 

148 06.10 Willow  

149 06.12 Willow-Other Shrubs 

151 06.90 Mixed Riparian Shrubs 

157 07.20.1 Basin Grassland 7.5-20% cover 

158 07.20.2 Basin Grassland 21-40% cover 

159 07.20.3 Basin Grassland >40% cover 

161 07.30.1 Foothills Grassland 7.5-20% cover 

162 07.30.2  Foothills Grassland 21-40% cover 

163 07.30.3 Foothills Grassland >40% cover 
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Cell Value 
Cover 

Type Code 
Cover Type Description 

166 07.40.2 Alpine Grassland 21-40% cover 

169 07.60 Riparian/Wet Meadow  

185 09.00 Marsh-Swamp Wetlands 

189 10.10 Water-Lentic (Standing) 

190 10.14 Playa 

191 10.20 Water-Lotic (Running) 

196 11.20 Irrigated Agricultural Fields 

200 11.90 Rural Development 

201 11.91 Ranch-Farm Facilities 

204 12.40 Rock or Talus Slope  

205 12.60 Sand Dunes  

207 12.90 Bare Ground  

206 12.80 Snow 

213 99.10 Roads and Railroads 

214 99.20 Mining Areas 

216 99.50 Burned Areas 

218 99.80 Oil and Gas Developments 

220 99.90 Urban/Industrial Land 

   

 
 

3.4 Cover Type Modeling 
 

3.4.1 Map Class Development 
 

As the list of mapped classes shows (Table 3.1), types include both natural and 
anthropogenic land units.  Methods used to distinguish these fundamentally different 
groups were distinct in this project.  Natural areas were modeled based on an 
implementation of the Classification And Regression Tree (CART) technique (Quinlan, 
1986 and 1993).  Anthropogenic areas were mapped with GIS, remote sensing, or a 
combination of techniques (Chapter 4). 
 

Modeling of the natural cover types employed gradient analysis and potential 
natural vegetation modeling (Roberts and Cooper 1987, Franklin 1995, Guisan and 
Zimmermann 2000), and relied heavily on the spectral response of the land surface 
captured by remotely sensed imagery.  Production of a natural cover type map was 
accomplished by generating a statistical model using CART and then applying this model 
spatially to generate a map.   
 

The CART technique we used (See5) recursively partitions input variables 
ƘƛŜǊŀǊŎƘƛŎŀƭƭȅ ƛƴǘƻ ŀ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ΨǘǊŜŜΦΩ  .ǊŜŀƪǎ ƛƴ ǘƘŜ ǘǊŜŜ ƻǊ ƘƛŜǊŀǊŎƘȅ ŀǊŜ ŘŜǘŜǊƳƛƴŜŘ 
by binary partition of an independent (response) variable to the field sample or 
dependent variables.  Splits at each node of the hierarchy are optimized to provide 
maximum reduction of population variance or minimize deviance.  The classification tree 
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is then recursively developed by top down spitting of the data into a hierarchy.  
Overview of the classification technique can be found in the text Classification and 
Regression Trees by Breiman et.al. 1984.  Examples of use of the CART in remote sensing 
based classification of land cover are common (e.g., Friedl and Brodley 1997, Lawrence 
and Wright 2001 and many others).   
 

The CART model was applied using GIS tools developed at the USGS Eros Data 
Center Land Characterization Project (see National Land Cover Dataset 2001, 
http://www.mrlc .gov/mrlc2k_nlcd.asp).  WyGISC, as a collaborator in USGS programs 
such as AmericaView, was provided with these GIS tools at no cost.  The USGS CART 
tools are implemented as a module in the ERDAS Imagine Software (ERDAS, Atlanta, GA).   

 
3.4.2 Model Variable Development 

 
Mapping of natural land cover types was accomplished by creating a spatially 

explicit model of ecological units.  This model mapped potential ecological units, using 
topographic gradients of site potential, and then refined the site potential classification 
by using remotely sensed spectral data that relate to actual land cover at a site.  In other 
words, the model uses environmental relationships to identify potential sites for land 
cover types and then populates these with actual cover using the remotely sensed 
imagery.   
 

The independent variables used in this project included remotely sensed imagery 
and derived variables from the imagery including topographic data.  Other sources of 
data were investigated, such as geology, soils, land types, climatic and precipitation 
zones.  Most of these were used qualitatively or as investigative information but were 
not directly a part of map production.  Further, many GIS layers showing anthropogenic 
features or boundaries were employed either directly or indirectly during the project.   

 
 Topographic variables were derived from the United States Shuttle Radar 
Topographic Mapping Mission (SRTM) (SRTM website: http://srtm.usgs.gov/).  SRTM 
elevation data for Wyoming are at 30m pixel resolution and have an approximate 
horizontal accuracy of +/- 20m and vertical accuracy of +/-16m (RMSE).  These data 
provided an advantage over the USGS National Elevation Dataset (NED) also available for 
the mapping areas, in that the NED data are derived from at least three disparate data 
sources and are historically older.  The resulting inconsistencies in derived topographic 
variables from NED were disadvantageous for modeling when compared to the SRTM 
(Fig. 3.1). 
 
 

http://www.mrlc.gov/mrlc2k_nlcd.asp
http://srtm.usgs.gov/
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Figure 3.1.  Elevation source data shown as derived slope for NED (center) and SRTM 
data (far right), with representative area on 1m aerial CIR photograph at left. 
 
 Topographic variables used in modeling included; elevation in meters, percent 
slope, and aspect as nine categories.  Aspect was categorized as eight cardinal directions 
and flat, with North representing greater than 375.5 and less than or equal to 22.5 
degrees and the rest of the categories represented by 45 degree increments. The aspect 
categories were sorted from cold to hot in relation to average direct solar radiation to 
the order: North, Northeast, Northwest, East, Flat, Southeast, South, West, and 
Southwest. 
 
 Remote sensing derived variables also included spectral data from Landsat 5 
Thematic Mapper image (TM) and 1m Color Infrared (CIR) aerial imagery composites 
acquired in the fall of 2001.  Full coverage of the study area required Landsat imagery 
from 3 satellite overpasses or paths.  Using the Landsat positioning World Reference 
System2 the image overpasses were from Paths 35, 36, and 37 (Fig. 3.2) acquired on the 
dates: 6 July 2007 for Path 35, 29 June 2008 for Path 36, and 9 July 2003 for Path 37.   
Imagery from the three images dates was normalized to the central image, Path 36, by 
linear regression.  Regression data points were chosen from adjacent portions of the 
imagery for Psuedo-Invariant Features on each image (Schott et.al. 1988).  Once 
ƴƻǊƳŀƭƛȊŜŘ ǘƘŜ ƛƳŀƎŜǎ ǿŜǊŜ ƳƻǎŀƛŎƪŜŘ ǘƻ ƻƴŜ ǿƛǘƘ ǘƘŜ ǳǎŜ ƻŦ ŀ ǎǇŀǘƛŀƭ ΨŎǳǘ-ƭƛƴŜΩ ǘƘŀǘ 
followed terrain features visible on the imagery, see figure 3.2 showing the cut-line 
boundary employed to the Path 36 image.  The Landsat at satellite radiance (as 
represented by the satellite pixel digital numbers or DNs) for all six reflective TM bands, 
the derived Normalized Difference Vegetation Index (NDVI) and Normalized Difference 
Wetness Index were final model variables.  


