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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 acesmiél
Wyomingbetween June 2005 and December 200%is work articulates with other siiani
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 Wyomingg@giic Information Science Center
(WyGISC) personnel using LanBsEtematic Mapper (TMNational Aerial Photography
Program (NAPRand Shuttle Radar Topography Miss{8RTM)magery fora 6,490,062
acre area of Central Wyoming.andcover informatio is provided at 2 acre minimum
mapping units (MMUSs) as 0.222 acre pixels (i.e. 30m on a side raster file. pixels)

Snow cover maps were createdm Landsat TM satellite dathat depict fractional snow

O2@SNJ F2NJ Iy a4l @SNI 3 SéterrhineRin coficBtatighavith ay 26 & ST N
Wyoming Game and Fish andrBau ofLand Managemenffield personnel and by

comparison of SNOTEL snow water equivalent data totlemg average snow water

equivalent for stations in the study area. These maps, though&dcd$h f @ G ayl LJAaK2
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 mhie-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.sdhis series of change images can

provide land managers with information about habitgin and loss during the last ~30

years incentralWyoming.

All of these products are described in detail in this report and provided as digital GIS data in
ArcGI]v. 93.1) 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 andObjectives

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 Wyomingrasidbeen 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 scemanaps, 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 thirune 200%nd draft pralucts were completed in
November 200%nd distributed for review.

1.2 Objectives

The general objective of this work was to produce three thematic products for the
study area ircentralWyoming (Fig. 1.1). These products include: existing land covev, sno
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 imeagery for this
project.

2. Modeled naturalvegetation (see Chapter 3) using Classification and Regression
Tree (CART) analysis of remotely sensed imagery and topographic variables guided
by training data collected during fodield seasons (see Chaptera?)d 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 &l snowenhancement algorithm é&e 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).



1.3 Description of WyGISC

WyGISC is unig in mission, scope, size and numbers of trained personnel in
Wyoming with a staff of 19 full and patime persons. Computer arrays in a central server
complex provide operational software, computational power, and data for WyGISC, UW,
and, through dataerving arrays, the state and natioAs the primary source of digital
spatial data for Wyoming, it serves 150 Gb of spatial data via web serversp3568 Gracle
servers, and over Zb as imagery, including satellite data and orthophotos. It performs
applied research on behalf of many federal (e.g. UBB& and NRCS, USGS, BLM and
USFS), state (e.g. Dept of Environmental Quality, Game & Fish, Water Conservation
Commission, Geological Sunaeyd State Enginegrand 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 secidrs.
Remote Sensing Unit at WyGISC was established in 2001 under the leadership of Dr.
Kenneth L. Driese.

1.4 Project Management

ThePrincipal Investigatoon this project was Eli Rethaker (M.S.)Elihas 15years
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 haodgproject managementrad 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 explanagsisted in
compilation of all field training da for land cover, see chapter 2 for explanatioirne also
developed a riparian floodplain modfgr use in the modeling of land covesee chapter 3
for explananationAdditional analysis was performed Byavis YeikResearch Technician,
especially fothe snow cover and change detection tasks.

1.5Description of Study Area

The study area for this project includég490,062acresin central Wyominganging
in landforms from the Wind Rivenalley, across desert basins, rims and plateaus, to medium
statureisolated mountains such as Crooks and Green Mountains and included the eastern
flank of the Continental Dividef the Wind River Muntains(Fig. 11). Moisture ranges
from an average of 36 inches per year in the mountains to 8 inches perly8ar1999).



Themapping region is contained withportions of Fremont, Natrona, Hot Springs,
Sweetwater, and Carbon Counties. The lower elevation lands of the region expexience
semtdesert climate regime and land cover is dominated by shrubs, grasmsddarren
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 Classifimatand Regression Trees (CART), GIS analysis,
and image interpretion with remotely sensed dates described in Chapters 2, and 4of
this report. Snow cover mapping and change detection for this mapping region are
described in Chapters 5 and 6, respectivalfis area was buffered bykdn to facilitate
future edgematching with adjacent areas. Atlree product typesvere buffered.
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Figure 1.1. The extent of the study area superimposed orap of Wyoming county lines
with mapping regiorabel in red Land use and land coven@v mappingand change
detection were performed for the entie study area, including akdn buffer (not shown).



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 seasbns tha
occurred in the project period. Chapter 3 describes land cover mapping lratiaer
mapping region, unique in that this region was mapped by WyGISC from imagery rather
than from existing map products. Chapter 4 describestiogluction of nonnaturalcover
types with GIS and image interpretation analyses and the intergration of the proetcts
regionwide productat 2 acre MMU Chapter 5 describes snow cover mapping which was
done for all mapping regions. Change detection methods and productieaibed 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

USDANRCS1999. Wyoming Annual Precipitation. National Cartography and Geospatial
Center, Ft. Worth, TX.



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 th&é.andemapping region was no exception. Extensive field data were
collected for this area durinfjom 2005 to 200%upportingboth CART modeling agtural
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 samplesgere collected for features at the appropriate mapping scale
and image resolution to meet the requirements of the technologies used to create the
Landemap, which included remote sensing and CART modeling. The principal remote
sensing instrument was thieandsat 5 Thematic Mapper (TM5). As a basis of mapping,
satellite resolution inherently controls the spatial ssaf mapping and sampling. TM5 has
a spatial resolution 080 meters, meaning that each image pixel represents a square area
on the ground 3Gn on a side (900 fitotal area). To ensure confident association of
individual image pixels, whose position includes some spatial uncertainty -tisesground
cover samples, it is necessary to sample large homogenous areas much larger than a single
pixd. 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 sad@ple2 ¥ G KS W LJdzN.
homogeneous terrain are sampled.

Field crews were instructed to sample with ag@rioriassumptions about land cover
patches other than scale limitations. Crews were instructed to travel to an area and fully
sample all perceived typen the area as access allowed. In this way the sampling protocol
can be described as stratification by access (roads, ownership) and wasanasin 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
O2@SN) GlelLl)Sa gAlK FTASER RIGIO® hdzNJ al YLI Ay 3
the breadth of recognizable environmental gradients in the mapping regiond ¢ielvs
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.

Q)¢



2.3. Sampling Protocols

The pimary goal of the field protocol was to provide samples of homogeneous
GSNNI AY dzyAida Fad GKS FLILINBLINARIFGS a0lfSo ¢ K S
OSYGUSNI 2F | GSNNIAY dzyAd FyR StAYAYl (1Sa WSRE:

Reference data are 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 GP%init and described the spatial relationship of the field reference site to a GPS
O22NRAYI GS® lff ONXga O2ff SOGSR arAidsS LK2G23
GPS Data Dictionary) containing spatial, terrain, and floristic data fielda¢brsample 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 AppendiAfor an example field form, #hdata collection instructions arfdliar cover

chart examples. Append&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 andigion in measurement. The
primary tool for estimation of vegetation cover was ocular estimati@uover for the
project, including field sampling and classification purposes is a measure of all plant tissues
(living and dead) above the grounth orderto provide consistency among field crews and
GAGKAY | ONBg FTNRY RIe& G2 RIFIe&x ONBga dzaSR
F2f{AF3S O20SNE IRFLWGSR FNRY ¢SNNE YR / KA
5AaKé OKLF NI as didoSdariauslBlign tdveds ir difféddntspabaNdatterns.

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 fieldseason on multiple occasions. At the trainings, crews lisedntercept

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 toline-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.

& C
£ Ay

Crewsalso 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 ettlegitified by local experts
or, inthe case ofeme sagebrustusing KS Wwof I O] tA3IKLQ Ff2NBaoOSy
ALISOASE ARSYUAFAOIGAZ2Y YR y2YSYyOf | Gdz2NBE F21 f
GNBFGYSyld 6AGK ONR&aa NBFSNBYyOS G2 !{i8)y . SSif
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,
w2aSYUGNBGSNE HAnoO® W, £ 01 fAIKGebofE® 2F &l =
categorization of Rosentreter (2003) and Rinkes (2006).

6



Figures 2.1 and 2 ®elow)show example GIS data generated during field sampling.
Examples of samples where polygon spatial information was digitized in the field with a
laptop computer areshown in Figure 2.1. Figure 2.2 shows an example where point based
data were collected with differentially corrected GPS waypoints.

Figure2.1. Onemeter 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 refersampled terrain units.
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Ultimately, field reference data were used to sample specific Landsat Thematic
Mapper pixels (30 x 30 m or 90F)m To do this, the GR®llected field data were
translated from points to a spatial extent using information abeath 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 adjudbeded on field notes and remotely
sensed imagerye.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 inexpience 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 arglgamp 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 potentalifitcation 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 ingtbe 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

8



Information Systenghttp://www.fs.fed.us/database/feis/plants) and the USDA NRCS
PLANTS Databad#tp://plants.usda.gov) were referenced as well.

During ordination the spatial position of the fieldlggon was verified and often
shifted to representative neighbor pixel§he ordination also helped highlight under
sampled types. Additional reference samples were created by pinteopretation
techniques and inference from the existing field sampliesthe lab, additional reference
samples were created for the type&spen, AspeiConiferandLimber Pine (3 closure
classes), Juniper, Junipgage andixed Xeric Mounta Shrubs

Figure 2.4.1m Color Infrared Aerial imagery on the left with daat 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 pssceThe final sample set of pixels are color
coded by the ordination results, showing two types model.

2.5Results

Field data weremainlycollected in2005 and?2006 with additional samples added in
2007, 2008and2009. Personnel collecting field dateluded Wyoming Game and Fish
5SLI NIYSYydG adlFF |yR GKSANI ghicagSBaiadicali 62 FASE F
Gardens Internship program, US Fish and Wildlife Sestateandtheir intern, and
WyGISC. The total number of field sites visited on the groun®\8é8 (Figure 2.5).
Additional samples were digitized in the lab using photointerpretation techniques. These
additional samples were only added to the dependent variable (raster) datssetin CART
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modeling. In total the field and lafpenerated sites translated tb7243pixels or samples
usdl as the statistical population.

Field data was stratified into two model domains; one for high elevation areas in the
Wind River Mountains andsthern 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 Servid8FS) Region 2hoshone National Foresind
Wyoming Gamend 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 bi¢ent Houston athe Shoshone Forest, the USFS Region2 datase
R2Veg, and the WGFD southern Wind Riele 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 moid@2 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 locationsfefence samples as GIS
overlays Red samples were collected during the field survey andwedites 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 completss of the reference population across tamgeof 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 completsa@nd 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 therten 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 naxgEnetic composition. The archetypal
example of mixed genetics are continuous stands of big sagebrush hydgds (
D2aKdziSk. 2yyS@AttS W. Q 6A3 al ASoONHzZAK 2NJ ¢ €
community composition such as a black sagelominantwith 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 ayppate types. The field data
collected for this project are the basis of this woth.the case of the Lander mapping effort
our classifification is shown in AppendixMixed community composition not present in
our classification such as black sagedominant with Wyoming big sage was typed as the
more rare type black sage.
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Chapter 3
Land Cover MappingNatural Cover Typ#&odeling

3.1 Background

The Wyomingsame and Fish Departmeint partnership with the USEBureau of
Land ManagementWyoming recognize the need for statewide Land Use and Land
Cover (LULC) maps. The WGFD and BLM have both conducted more recent mapping
effoNIa F2NJ 4SSt SO0 NBIA2ya 2F 2@2YAy3a yR | NE
ongoing regiodevel mapping projects. These maps are useful for many endeavors such
as vertebrate animal habitat analysis astdatification 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 sagebstisppe and semarid
desert ecosystem inentralWyoming (theLander 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 gropise)ghorn 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 8ggese Centrocercus urophasianus
habitat inventory. To that end a map was needed \gitacre Minimum Mapping Units
and detailed strata attributes including floristic composition and canopy cloJime
mapping effort was also intended to assist in Range Management Planning efforts of the
BLM for the Lander Field Office Area. Further withport 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,

CAR 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 phnning 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 tpeoject. The working committee for this project
reviewed user needs, project scope and timelines, and developed an initial classification
schemeas part of a Southwest Wyoming mapping project (Rodemaker and Driese,
2006); efforts in Central Wyoming s follow the strategies implemented in that
project and improve on those results where possiliResults of these initial meetings
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allowed WyGISC to develop a more formal project plan tailored to +agéncy
collaborative implementation.

3.3Classificatim Scheme

The development of a classification scheme is an important and often under
SEIFYAYSR FILO0SG 2F | YILLAYy3I LNR2SOG® Cl O
classification includauser needs, the availability of resources and technology, and the
sdting 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 darget 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).

The2 @ 2YAyYy3 DIFIYS YR CAaK 5SLINIYSyidQa 2Af
22 Jan, 1997 (WOS97) was used as the basis of cover type classification. Some cover
types were categorex into more detailed classes bgrialcover (Table 3.1)Cover for
the projed, including field sampling and classification purposes is a measure of all plant
tissues above the ground-or 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 Great&agegrouse habitat analysis and utilization documents
(Connellyet. al 2000, Hageeet. al. 2007, and Connellst. al 2003). Forested types
mapped to closure classes mainly followed definitions desired by fire fuels mapping and
management experts (Schd 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 dieknitions of cover
types. Atthe 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 eqt@f@ant community,
association, or alliance level classes. Other cover types correspond to specific definitions
of land use€.g urban) or land typeg(g barren or sand dune). Finally, at the most
detailed level of classification some cover typessgparated 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 appropriatesith less vegetation than these
definitions were classed as a neagetated 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 allawpocation 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 classificatsnlting in the list of
mapped types shown in Table 3.1 below.

Table 3.1.Land cover types occurring in the final LULC map foL#melermapping

region and mapped for this project. The Cell Value is the code that occurs in the map
file provided as @eliverable. The Cover Type Code is the code used to designate cover
types in the WOS 199¥assification. 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 Tycggvgg de Cover Type Description

3 01.10.1 LodgepolePine 2032% closure

4 01.10.2 LodgepolePine 3367% closure

5 01.10.3 LodgepolePine >67% closure

11 01.20.1 Douglas Fir 232% closure

12 01.20.2 Douglas Fir 387% closure

13 01.20.3 Douglas Fir >67% closure

15 01.25.1 Spruce 282% closure

16 01.25.2 Spruce 33%7% closure

20 01.30.2 SpruceSubalpine Fir 387% closure
21 01.30.3 SpruceSubalpine Fir >67% closure
39 01.60.1 Limber Pine 282% closure

40 01.60.2 LimberPine 3367% closure

41 01.60.3 Limber Pine >67% closure

43 01.61.1 Limber PineDouglas Fir 232% closure
44 01.61.2 Limber PineDouglas Fir 387% closure
45 01.61.3 Limber PineDouglas Fir >67% closure
a7 01.70.1 Whitebark Pine 2¢82% closure

48 01.70.2 Whitebark Pine 3&%7% closure

51 01.80.1 Mixed ConiferJuniper 2632% closure
52 01.80.2 Mixed ConiferJuniper 3367% closure
55 01.90.1 Mixed ConifesfDominant 2032% closure
56 01.90.2 Mixed ConifefDominant 3367% closure
57 01.90.3 Mixed ConiferDominant >67% closure
59 01.94.1 ConiferAspen 2632% closure

60 01.94.2 ConiferAspen 3367% closure

69 02.10.1 Aspen 2632% closure

70 02.10.2 Aspen 3%67% closure

71 02.10.3 Aspen >67% closure

73 02.20.1 AspenConifer Mix 2682% closure

74 02.20.2 AspenConifer Mix 3%67% closure
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Cell Value

Cover

Cover Type Description

Type Code
75 02.20.3 AspenConifer Mix >67% closure
77 02.30.1 CottonwoodRiparian 2e82% closure
78 02.30.2 CottonwoodRiparian 3%67% closure
79 02.30.3 CottonwoodRiparian >67% closure
88 03.20 Juniper
91 03.21 JuniperSage
94 03.35 JuniperLimber Pine
101 04.20 Greasewood
102 04.21 GreasewooeSagebrush
103 04.22 GreasewooeSaltbush
104 04.41 Saltbush
105 04.45 SaltbushSagebrush
107 04.60 Birdfoot Sage
108 04.70 Mixed Desert Shrubs
109 04.90 OtherDesert Shrubs
110 04.80 Mixed Desert Shrubs 2
116 05.11.2 Basin Big Sagebrush-26% closure
117 05.11.3 Basin Big Sagebrush >25% closure
119 05.12.1 Wyoming Big Sagebrushl% closure
120 05.12.2 Wyoming Big Sagebrush-26% closure
121 05.12.3 Wyoming Big Sagebrush >25% closure
123 05.13.1 Mountain Big Sagebrush®% closure
124 05.13.2 Mountain Big Sagebrush %% 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 Thredip 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 BitterbrushSagebrush
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 #Z0% cover
158 07.20.2 Basin Grassland 240% cover
159 07.20.3 Basin Grassland >40% cover
161 07.30.1 FoothillsGrassland 7:20% cover
162 07.30.2 Foothills Grassland 240% cover
163 07.30.3 Foothills Grassland >40% cover
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Cell Value Ty(;gvg(r) de Cover Type Description
166 07.40.2 Alpine Grassland 240% 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 RanchFarm 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 &lroads

214 99.20 Mining Areas

216 99.50 Burned Areas

218 99.80 Oil and Gas Developments
220 99.90 Urban/Industrial Land

3.4Cover Type Modeling
3.4.1 Map Class Development

As the list of mapped classes shows (Table 3.1), types inlsbibenatural 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) techQigu&af,
1986 and 1993). Anthropogenic areas were mapped with GIS, remote sensing, or a
combination of techniquefChapter 4)

Modeling of the natural cover types employed gradient analysis and potential
natural vegetation modelinRoberts and Coopdr987, Franklin 1995Guisan and
Zimmermann 200)) 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 generat@a map.

The CART technique we used (Seeblirsivelypartitions input variables
KASNI NOKAOIfte Ayid2 I+ OflaaArATAOIiA2yY WINBS
by binary partition of anindependent(responseyariable 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 deviantke classification tree

17



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 Breimeinal. 1984. Examples of use of the CART in remote sensing
based classification of land cover are commeu( Friedl and Brodley 1997, Lawpen

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/mric2k nlcd.asp WyGISC, as a collaborator in USGS programs
such as AmericaView, was provided witlesk GIS tools at no cost. TUEGS CART
tools are implemented as a module in the ERDAS Imagine SoftaR2ASAtlanta, GA).

3.4.2 Model Variable Dexlopment

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 potentiasifecation
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 usingeh®tely sensed
imagery.

The independent variables used in this projeduded remotely sensed imagery
andderived variables from the imagenycludingtopographic data. Other sources of
data were investigated, such as geology, soils, land typestat 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 directlyrdirectly during the project.

Topographic variables were derived from the United States Shuttle Radar
Topographic Mapping Mission (SRTM) (SRTM welbgite//srtm.usgs.qov). SRTM
elevation data for Wyoming are & m pixel resolution and have an approximate
horizontal accuracy of +20m and vertical accuracy of-t6m(RMSE)These data
provided an advantage over the USGS National Elevation Dataset (NED) also available for
the mapping areas, in that the NED dat& 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).

18


http://www.mrlc.gov/mrlc2k_nlcd.asp
http://srtm.usgs.gov/

Figure 3.1. Elevatiosource 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 categatieAspect 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 incremidrgsaspect
categories were sorted fromotd 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 variablesoincluded spectral data frorhandsat 5
Thematic Mapper imagélf'M)and 1m Color Infrared (CIR) aerial imagery composites
acquired in the fall of 2001Full coverage of the study area required Landsat imagery
from 3 satellite overpasses or paths. Using the LangssitioningWorld Reference
System2 the image overpassasre from Paths 35, 36, and 37 (Fig. &&juired 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. Reggsion data points were chosen from adjacent portions of the
imagery for Psueddnvariant Features on each image (Schott et.al. 1988). Once
Y2NXYIFEfAT SR GKS AYI3Sa 6SNB Y2alap0ysSaQ Gl ay.
followed terrain features vible on the imagery, see figure 3.2 showing the-loug
boundary employed to the Path 36 imagéhe Landsat at satellite radiance (as
represented by the satellite pixel digital numbers or DNs) for all six reflective TM bands,
the derived Normalized Diffence Vegetation IndefNDVIJand Normalized Difference
Wetness Indexvere final model variables.
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