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INTRODUCTION AND GOALS 

 The goal of this study is to model potential grazing values in southeast Utah and to 

provide a framework for others to follow in creating their own analysis. Grazing is a vital 

part of the community and history of southeast Utah. With new technology and new 

information, there is greater potential for more efficient grazing practices. The intention of 

this project is to provide a systematic approach to the modeling of grazing in southeast 

Utah on the Colorado Plateau (Figure 1) and provide a base from which others may develop 

more comprehensive models in the future.  

This study will provide a 

workable step-by-step process for the 

creation of a spatial model for grazing 

potential to be utilized by land 

managers. A significant portion of the 

information used in this model is based 

on the experiences of ranchers, Bureau 

of Land Management (BLM) rangeland 

scientists, and Utah State University 

professors in the field of range science, 

including Dr. Fee Busby. Data was 

gathered from the Utah GIS Portal as 

well as from the U.S. Geological Survey.  

Veblen et al.’s paper, Range-Wide 
Figure 1: Study Area Satellite Imagery: Data Gathered from the Utah 

GIS Portal   
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Assessment of Livestock Grazing Across the Sagebrush Biome, provided a helpful resource 

for addressing grazing in the study area (Veblen et al., 2011).  Rangeland Resources of Utah, 

compiled by McGinty, was an excellent resource in providing a good description of 

biophysical attributes of the region and their relation to grazing (McGinty et al., 2009 a). 

The objective was to utilize this information to create a working spatial model in this 

region.  

 This study stems from a previous Utah Agricultural Experiment Station project in 

the Bioregional Planning Program at Utah State University, Spatial Conversions and 

Alternative Futures SITLA/BLM: A Preliminary Analysis (Toth et al., 2012). In that study, 

land trades were being considered between the State Institutional Trust Lands (SITLA) and 

the BLM. Past land tenure practices are resulting in fragmentation of land ownership and 

responsibility throughout the entirety of southeast Utah. One of the goals of the Bioregional 

Planning study was to provide alternate futures of land ownership in the area to reduce 

landscape fragmentation. In order to accomplish that goal, numerous assessment models 

were created by the study team to evaluate the landscape for various uses. One of the 

assessment models developed was a preliminary grazing model. That analysis brought to 

light the lack of both a methodology and data for modeling grazing lands in Utah.  

OBJECTIVES:  

1. Examine what spatial data is important for grazing in the study area and establish a 

process by which the collection of data can be accomplished for others. 

2. Create a GIS model which can be used to identify areas of high grazing value. 

 



7 |  P a g e

PROCESS OF STUDY 

Methodology to identify and collect spatial data for grazing in the area of the 

Colorado Plateau does not currently exist. Consequently, this requires an investigation into 

the spatial characteristics of this landscape, the interactions of the biophysical 

characteristics, as well as the factors which most affect grazing. This phase of the study 

focuses on developing an understanding of the biophysical factors of the landscape such as 

the geology, soil, vegetation, local climate, and water availability. It is also important to 

understand the cultural factors such as the history of grazing in the region, its current use, 

and its importance to the local populations. This was completed through site visits, 

literature reviews, and through interactions with ranchers. 

 Once the basic framework of analysis is complete, the next phase of work consists of 

identifying key issues which need to be spatially described to better understand grazing in 

the region. This is a crucial step to describe a basic model of grazing. As these data are 

incorporated into the basic model, it is necessary to correct and adjust the spatial output to 

ensure a more complete final model. The criteria identified are slope, soil, vegetation type, 

and distance from streams, springs, wells, and rivers. Other data which would be included 

if available: windmills, pumps, and water lines in more remote areas.   

Combining the data into a final model includes weighting each factor. Assigning too 

much emphasis to one factor over another may produce erroneous results. To account for 

this, multiple weighted models are created to accommodate different scenarios. These 

models are then presented to stakeholders as well as experts in grazing to see which model 

best represents good grazing areas in this landscape. 
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 Once the model is complete, an easily replicable process to model landscapes for 

other land managers to use will be presented. Each step in the creation of the model-, from 

data acquisition, to processing the data, to creating a model- was outlined in the instruction 

manual, available for anyone who wishes to model grazing using ESRI ArcMap. Also 

included were screenshots of the processes and helpful tips along the way. For a copy of 

this step-by-step guide, see Appendix B.  

 The following process shows the basic approach used to evaluate and achieve the 

objectives of this study (Figure 2):  

Problem Formation – The lack of a current methodology for the analysis of grazing 

became apparent through the Bioregional Planning Studio project 2011-2012 year. 

Case Studies – Current literature, such as Range-Wide Assessment of Livestock Grazing 

Across the Sagebrush Biome (Veblen et al., 2011) and Rangeland Resources of Utah 

(McGinty et al., 2010), provided the basic information on grazing and data availability for 

the project. There are relatively few other texts relating to spatial modeling of grazing in 

this region. Other information regarding soil types, carbon sequestration, and nitrogen loss 

are available, though not as helpful as the above-mentioned works for this project. 

Site Analysis and Stakeholder Interviews – Site visits were completed in the region to 

gain an appreciation for the landscape in terms of grazing. Expert opinions were gathered 

through personal interviews with Heidi Redd, a longtime rancher in the region, Kimberly 

Allison, the Moab BLM rangeland specialist, and Dr. Fee Busby, Utah State University 

professor specializing in the effects of livestock grazing. 
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Preliminary Assessments – An analysis of the landscape’s grazing attributes was 

conducted, comprising a study of the geology, geography, hydrology, and major plant and 

wildlife in the region. Spatial data was collected for each of these attributes. 

Preliminary Models –An initial grazing model was created using data gained through 

previous phases of the project. Three separate grazing models were created, incorporating 

different values for water within the region. These were based on the value given to areas 

which resided outside of a two-mile buffer surrounding current water sources.  

Revision and Stakeholder Input – After creation of the grazing models, they were shown 

to Dr. Fee Busby. Changes to the model included giving a moderately negative value to 

areas outside of a two-mile distance and a minor change to reclassification of the final 

model.   

Final Model – The final model was created using the raster calculator. The final model, 

which was shown to Dr. Fee Busby, BLM rangeland scientists in Moab, and ranchers in the 

Moab and Monticello region, including Heidi Redd, was recognized as accurate. There are 

further areas of study which may be important, including climate change impacts to grazing 

and more detailed allotment level data which could be collected. 

Land Managers Guide Formation – The land managers guide was formed as a step-by-

step process to follow to recreate a similar model in the future. This step-by-step process 

was focuses on individuals who have some knowledge of GIS. It allows for the freedom to 

use more data according to what is available. It also encourages the use of expert local 

knowledge to fine-tune the model for the scale and location of the professional’s choice. It 

can be found in Appendix B. 
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Figure 2: Process Diagram 
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GRAZING AND THE WEST 

Grazing and the west have been coupled together from the time of the early 1860’s. 

When John Wesley Powell surveyed the area, he noted that traditional forms of 

homesteading would be insufficient in this harsh environment and there would need to be 

allotments of much larger sizes for viable range production. Powell also stated that the 

traditional 160-acre farm as provided for in the Homestead Act, was much too small for 

grazing purposes in the west. Instead, he recommended that grazing farms should be 

expanded to no less than 2,560 acres in order to profitably support ranchers (Bearnson, 

2012).   

In 1877 Mormons crossed the Wasatch Range from the Great Basin and began 

settlements in Price, Huntington, Orangeville, and Castle Dale (Larson & Petersen, 1989). 

Early settlers primarily raised livestock, cattle, and sheep. Soon, overgrazing exhausted the 

ranges and led to widespread flooding and erosion until checked by the designation of 

forest reserves by the federal government in early 1891 (Larson & Petersen, 1989).  

 The principle of the “Tragedy of the Commons” was epitomized in this situation 

(Hardin, 1968). Each rancher and range owner wished to use as much of the public land as 

possible for their own herds. This led to large-scale defoliation and landslides. This 

negative impact on rangelands and forestlands drove many to ask for the government’s 

assistance in monitoring and limiting the rangeland practices in the region. 

 The competition for resources resulted in a number of “range wars,” conflicts and 

feuds between stockmen and their families over the grazing rights of areas (Stewart, 1936). 
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At times these miniature wars resulted in the wiping out of entire family lines, occasionally 

resulting in the deaths of 20-40 people as in the case of the Pleasant Valley War (Dedera, 

1988). 

 Petitions from people in nearby communities, coupled with the increased violence 

of the range wars, led the federal government to act on the issue of grazing practices in the 

west. In 1891 the federal government began to manage livestock grazing on forest 

reserves. In 1905 Gifford Pinchot established grazing fees and permitting in all national 

forests, which helped to eliminate the severity of Range Wars. It was not until 30 years 

later that the Taylor Grazing Act was signed. Its purpose was to help prevent and mitigate 

the continuing deterioration of public rangelands. The regulation and control of public 

lands did help curtail the degradation of public lands and eliminate the range wars, but it 

has increased the complexity of current and future problems in the region. 

 State trust lands are mixed within a grid pattern throughout the region with BLM, 

National Park Service, Forest Service, and private lands. This creates a spatial management 

issue in trying to organize grazing across such a large landscape (Figure 3). It can also 

fragment many of the biophysical attributes of the region through sales of neighboring 

lands or SITLA parcels. As seen on the following map, this arrangement of land ownership 

is not congruent with the biophysical attributes of the landscape and increases the 

difficulty of creating a unified region-wide grazing plan.  
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Figure 3: Land Ownership and Administration 
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CLIMATE AND HYDROLOGY 

The study area lies on the Colorado Plateau.  It is a semi-arid region with the 

exception of areas of higher elevation, which receive more rainfall. The average annual 

precipitation in Moab, Utah is 9.01 inches of rain per year while Monticello has an annual 

average precipitation of 15.19 inches of rain per year (WRCC, 2010).  The climate in this 

region means that ranchers rely heavily upon water resources available in their allotments.  

The scarcity of water is a limiting factor for plant growth as well as in water for 

livestock. In order to have the best grass growth, wet, heavy snowfall is needed in early 

spring to ensure a full growth of high value grasses in the summer months. Ranchers 

provide much-needed water for cattle in the region through springs, canals, streams, wells, 

and reservoirs on their lands. The cattle limit their roaming distance in the summer months 

according to water availability. The lack of adequate rainfall in the region means that a 

heavy emphasis is placed on the reservoirs and water sources in the region. 

Figure 4 shows all natural water sources in the study area. These include all major 

streams, rivers, lakes, and named streams. Data availability on wells and man-made 

reservoirs is more difficult to come by on a regional scale, though the information may be 

available for some individual allotments. 
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Figure 4: Natural Water Sources 
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GEOLOGY 

The study area is located entirely within the Colorado Plateau.  Elevation ranges 

between 5,000 and 11,000 feet. It incorporates several national parks which are renowned 

for their geologic formations. These include Arches National Park, Canyonlands National 

Park, Capitol Reef National Park, and Natural Bridges National Monument. The presence of 

so many national parks and monuments demonstrates the uniqueness of this landscape’s 

geology. The main subregion in the study area is the Canyonlands section which covers the 

southeast section of the state. This is a region of relatively level topography with three 

groups of “island” mountains: the La Sals, the Abajos, and the Henry Mountains.  The 

mountains are formed by isolated igneous intrusions, creating unique climatic zones for the 

sub region as a whole.  A dominant feature of the region includes the Colorado River and its 

tributaries (Bauman, 1994). 

 Geology does play a role in grazing in the role of topography and slope. Geologic 

formation may inhibit cattle from reaching grazing locations as cattle avoid steep slopes 

where possible. The varied topography in the study area requires that slope be taken into 

consideration when discussing grazing, as flatter terrain is preferable for cattle (Figure 5). 
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 Figure 5 Study Area Slope 
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SOILS 

Soil types in the region are dominated by aridisols and entisols with mollisols and 

rock outcrops scattered throughout the area (Figure 6). Each of these soil types produce 

their own vegetation and ecological restrictions which may impact grazing in significant 

ways. Grazing requires adequate vegetation for cattle to forage. Adequate vegetation is 

most likely to be found in more productive soil types; hence, the most desirable areas are 

situated where mollisols are present, followed by entisols, with the least desirable soils 

being aridosols.  

Aridisols 

Aridisols are soils which occur in 

areas with less than 12 inches of annual 

precipitation and with long dry summers. 

They are generally light in color due to low 

plant or organic matter (Figure 6). They 

support mostly drought resistant vegetation 

such as sagebrush, saltbrush, and 

greasewood (Boettinger, 2009). Most of the 

aridisols in the study area have very shallow 

depths to bedrock. This soil type does not 

produce a lot of plant life and is poor for 

grazing. 

 

Figure 6. Aridisols. United States Department of Agriculture 

National Resource Conservation Service. [Photo of Aridisol] 

Retrieved January 4, 2013, from 
http://soils.usda.gov/technical/classification/orders/images/aridiso

l.jpg 

http://soils.usda.gov/technical/classification/orders/images/aridisol.jpg
http://soils.usda.gov/technical/classification/orders/images/aridisol.jpg
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Entisols 

Entisols are the most recently deposited 

soils. They occur on younger alluvial terraces and 

fans, along some valley bottoms, and on stream 

floodplains (Boettinger, 2009). These vary in color 

and organic content according to the parent 

material from which the entisols originated. These 

are mostly Aeolian, wind deposited, soils in the 

study area (Figure 7). 

 Entisols, due to their sandy state, absorb 

what little water does fall in this climate. This 

provides an environment where drought tolerant 

plants and grasses may grow and is therefore 

advantageous for grazing. It is the dominant soil 

mixture in the study area as seen in  yellow in     

Figure 9. 

Mollisols 

Mollisols occur in regions with more than 12 

inches of precipitation a year and are at elevations of 

greater than 5000 feet. In the study area they occur 

mainly on or near the three mountain groups. They 

are the most important and productive soils in the 

Figure 7: Entisols,. United States Department of Agriculture National 

Resource Conservation Service. [Photo of Entisols] Retrieved January 

4, 2013,from 
http://soils.usda.gov/technical/classification/orders/images/entisol.jpg 

 

Figure 8 Mollisols., United States Department of Agriculture 

National Resource Conservation Service. [Photo of Mollisols] 
Retrieved January 4, 2013, from 

http://soils.usda.gov/technical/classification/orders/mollisols.html 

 

 

http://soils.usda.gov/technical/classification/orders/images/entisol.jpg
http://soils.usda.gov/technical/classification/orders/mollisols.html
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study area for agriculture and grazing forage. They are characteristically dark in color and 

highly fertile (Figure 8). This is the best soil conditions for which forage may be produced 

on behalf of rangeland grazing. (Boettinger, 2009) 

Rock outcrops  

Rock outcrops are areas of 

exposed bedrock or very shallow 

soil deposits. The resulting lack of 

vegetation is insufficient for 

grazing.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 Utah Soil map. Cartography by Ellie McGinty. 

(McGinty, 2009) 
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VEGETATION 

The climatic zone as well as the particular vegetative type in an area is important 

when assessing grazing quality. Grasslands are preferable in almost every situation and 

will be given highest priority in any assessment. If the type of grassland is known for a 

region, then variations in value can be placed in each area. Shrubland, forestland, grassland, 

and other vegetative communities must be considered individually for their value in 

grazing. 

  The vegetative life zone which dominates the study area is the “semidesert zone.” 

The semidesert zone is characterized by having a mean annual precipitation between 8 and 

12 inches. The dominant vegetation consists of shrubs and herbs, with few succulents. 

Grasslands, however, are considered the vegetative zone with the greatest amount of good 

rangeland. Pinyon-Juniper, desert shrub, and sagebrush are prevalent (Ramsey & West, 

2009). Cheatgrass (Bromus Tectorum) is a common invasive species in the area and has low 

value for grazing. Vegetation cover plays a large role in grazing and forage amount in 

combination with understory grasses.  

Pinyon Juniper  

Pinyon-Juniper communities (Figure 10) have “remarkably poor flora…most stands 

have only a shrub species or two, chiefly big sagebrush, and about a dozen species of 

grasses and forbs” (Ramsey & West, 2009). Pinyon-Juniper communities provide habitat 

for deer, elk, and songbirds. Biological soil crusts are prevalent in this community type. The 

community is characterized by the presence of true pinyon (Pinus edulis) and Utah Juniper 

(Juniperus osteosperma) with sparse understory due to overuse by big game and cattle 

grazing. In the first half of the Twentieth Century, the heavy herbaceous use of the area’s 
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understory resulted in larger amounts of 

trees and less understory.  This loss of 

understory led to limited forage availability 

and also increased erosion in the area. The 

competitiveness of the trees resulted in less 

understory recovery.  

After World War II, range and wildlife 

managers used cables and chains between 

tractors to pull over the trees in this 

community to provide more ground cover 

forage (Ramsey & West, 2009). The result 

was a 20-30-fold increase in forage production 

(West, 1984). Environmentalist concerns limited 

these actions during the 1970s and 1980s, and currently encroachment of trees in this 

community is increasing with loss of understory again (Ramsey & West, 2009). The most 

likely way to recover these areas is reseeding post fires, as fires are likely to become more 

frequent with larger amount of trees in the communities. 

 

 

 

 

 

 

Figure 10: Pinyon-Jupiter Woodlands. Information Network [Photo 
of Pinyon Jupiter] Retrieved January 4, 2013, from 

http://www.mpcer.nau.edu/pjwin/pinyon_pine.html 

 

http://www.mpcer.nau.edu/pjwin/pinyon_pine.html
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Big Sagebrush Shrubland 

Big sagebrush and 

shrubland (Figure 11) occurs 

in broad basins with deep, 

well-drained, non-saline 

soils.  The soils are usually 

classified as aridisols. The 

predominant species found 

in the community are basin 

big sagebrush (Artemisia 

tridentate tridentata) and Wyoming big sagebrush (Artemisia tridentate wyomingensis)  

with a mixture of junipers(Juniperus osteosperma), greasewood (Sarcobatus vermiculatus), 

saltbrush (Atriplex), yellow rabbitbrush (Chrysothamnus viscidiflorus), antelope bitterbrush 

(Prushia tridentate) and a variety of grasses. Herbaceous cover is usually less than 25% 

(Ramsey & West, 2009). These areas are used as forage for both sheep and cattle 

throughout the year. The introduction of cheatgrass to this community has proven to be 

very detrimental to its stability. Cheatgrass increases the frequency and severity of fires 

and this, combined with past instances of overgrazing, has led to a community with 

accelerated erosion and susceptibility to further invasive species introduction (Ramsey, 

West, 2009) 

 

 

 

Figure 11: Tarleton State University [Photo of Big Sagebrush Shrubland]. Retrieved January 4, 
2013, from 

http://www.tarleton.edu/Departments/range/shrublands/Great%20Basin%20Desert/greatbasindes

ert.html 
 

http://www.tarleton.edu/Departments/range/shrublands/Great%20Basin%20Desert/greatbasindesert.html
http://www.tarleton.edu/Departments/range/shrublands/Great%20Basin%20Desert/greatbasindesert.html
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Blackbrush-Mormon Tea 

The annual precipitation in this community is 7.5 inches and falls within the desert 

zone. Water is therefore a very important limiting factor with regards to grazing in this 

zone. Blackbrush-Mormon tea (Figure 12) community’s dominant vegetation is blackbrush 

(Coleogyne ramosissima), Mormon tea (Ephedra viridis), Torrey joint fir (Ephedra 

torreyana) and spiny hopsage (Grayia spinosa), with occasional sagebrush. Biological soil 

crusts may be present where grazing and human activity has been minimal (Ramsey & 

West, 2009). The extreme topography, isolation, and low water availability usually 

contribute to only minimal grazing activity. However, where water can be found there may 

be more grazing. Grass is not usually present due to the poor water and soil conditions. 

When grazing does occur, it will usually occur only in early spring.  This vegetative 

community is undependable for forage or cover. The forage which is available is not very 

nutritious; consequently it is not very desirable.  The only native ungulate in this 

Figure 12: Blackbrush Mormon Tea community, from 

http://www.birdandhike.com/Hike/Red_Rocks/HollowRk/photos/IMG_38190a.jpg 
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community is the desert bighorn sheep. 

The following three maps illustrate the variety in the levels of data available when 

investigating vegetation. The first, Figure 13, is the landcover data from the Utah Southwest 

GAP study. This study was an intensive and extremely detailed work detailing all vegetative 

communities in the southwest. This data layer was found to be too in-depth for use on this 

scale of study area. The legend for Figure 13 can be found in Appendix A. 

Figure 14 is the Utah DWR dominant vegetation map. This shows only the most 

dominant vegetative type which can be found on the landscape. This information is useful 

but too broad in understanding the varied values of the landscape. For instance, ricegrass 

and cheatgrass have very different potential when it comes to grazing, yet both show up on 

this map as grasslands. The advantage with this information lies in the underlying data. It 

has the advantage of being disaggregated into what species type can be found at each 

location as both the dominant and the subdominant species. An example of disaggregating 

the data can be seen in Figure 15. This is a representation of the same information found in 

Figure 14 but at a more detailed analysis. This strategy was very helpful during the 

assessment model portion of this study. 
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Figure 13: GAP Landcover Map Data Gathered from the Utah 

GIS Portal  (For legend please see Appendix A) 
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Figure 14: Generalized data from Utah DWR. 
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Figure 15: Dominant Grasses map. Disaggregated grassland data. Data 

Gathered from the Utah. DWR 
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WILDLIFE 

It is important to understand that there are hundreds of species of wildlife in the 

study area; however, only certain species of specific importance will be considered. This is 

due to the complexity of the topic and the sheer quantity of species in the study area. Large 

mammals and browsers will be given particular importance due to grazing impacts. Species 

that are considered threatened or endangered, including potential listings such as sage 

grouse, will also be discussed.  

Bison 

Bison (Figure 16) in the study area are limited in number due to habitat constraints. 

They were introduced to the region in 1941 from the Yellowstone herds and remain a 

healthy population today. The herd is currently located on the Henry Mountains and 

remains one of the more pure strains of “true” bison in the United States. Cattle and bison 

share some grazing locations, which causes some competition to occur between the 

interests of ranchers and that of keeping the 

bison population healthy. Almost all the land that 

the bison currently occupy is considered critical 

habitat for the herd (Baldwin &Banner, 2009). 

There has been a recent relocation of a herd to 

the Bookcliff Mountains (Figure 17). This herd 

has been successful and is quickly becoming 

established in the region. 

 

Figure 16: Henry Mountain Bison photo from: 
http://www.cooperativeconservation.org/images/Henry%20Mountain

%20Bison_BLM.jpg 
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Figure 17: Bison Habitat Map. Data Gathered from the Utah GIS Portal. 
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Mule Deer 

Mule deer, Figure 18, use the largest amount of area as habitat within the study area 

(Figure 19). The populations which do exist in the area are healthy and provide trophy 

hunt opportunities for recreational hunters. Mule deer occupy mostly upland regions 

within the study area. Their diet does not overlap greatly with cattle and therefore they do 

not compete directly with cattle. The importance of mule deer within the study area is in 

relation to habitat preservation. Most of 

the remaining mule deer habitat has been 

identified as crucial. Utah’s trend for mule 

deer has been on the decline since 1982 

from approximately 600,000 to around 

300,000 (Baldwin, Banner, 2009). 

 

 

 

 

 

 

 

 

 Figure 18: Mule Deer. Photo from: 

http://www.nps.gov/romo/naturescience/images/mule_deer_buck_1.jp

g 
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Figure 19: Mule Deer Habitat in study area. 
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Rocky Mountain Elk 

             Rocky Mountain Elk, Figure 20, populations in this region inhabit similar areas as 

mule deer, but to a more limited extent (Figure 21). Elk feed on grasses and forbs through 

most of the year, supplementing their diet with shrubs, tree bark, and twigs in the winter.  

Elk and cattle diets overlap considerably, with most of the competition occurring in the fall 

and winter. However, for much of the year the habitat usage differs between species. Cattle 

use lower slopes and drainages while elk prefer upper slopes and are not adverse to 

steeper terrain (Clark, 1994). Elk is an important big game species in the state 

consequently, it is vital to maintain a healthy population. According to area, the number of 

elk in this region has led to a lack of resting many summer pastures as the elk try to avoid 

locations where cattle are or have been. This created a detrimental effect on quality of 

grazing areas for cattle in recent years. 

 

Figure 20: Rocky Mountain Elk. Photo from: http://www.rmef.org/Portals/0/603x255/conservation-award_edited.jpg 
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Figure 21: Elk Habitat. Data Gathered from the Utah GIS 

Portal 
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Sage Grouse 

            Sage grouse, Figure 22, is a very significant species within the region. There are two 

main breeds of sage grouse in the study area: the Gunnison sage grouse and the Greater 

sage grouse (Figure 23). The Gunnison sage grouse is particularly concerning because its 

numbers have declined in recent years to the point of possible listing as an endangered 

species under the Endangered Species Act.  In order to avoid landing on the endangered 

species list, a wildlife management plan has been put in place (UDWR, 2009). The sage 

grouse’s primary habitat is sagebrush. They serve as an indicator for the health of the 

sagebrush ecosystem and are considered an umbrella species in the area. This means that 

increasing the health of the sage grouse will ultimately be beneficial to the health of other 

species that depend on the sagebrush biome. 

 

Figure 22: Gunnison Sage Grouse. Photo from: 

http://www.western.edu/faculty/pmagee/gunnison-sage-

grouse/NopGrouse1.jpg/image_preview 
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Figure 23: Sage Grouse Habitat. Data Gathered from the Utah GIS Portal 
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Threatened and Endangered Species  

             The study area contains many species of wildlife, fish, and vegetation that are 

threatened, endangered, or candidates.  Threatened and endangered species must be taken 

into account as a part of the analysis of grazing within this study area. Among those species 

are the Northern Goshawk, the Blue-headed Sucker, Gunnison’s prairie dog, the spotted bat, 

the humpback chub, despain pincushion cactus(Figure 24), and the Clay reed-mustard, in 

addition to many others. There are 74 individual species in the region which are either 

threatened or endangered. Data is given at the township level to protect these sensitive 

species, and consequently any analyses conducted with this data will also be done at the 

township level (Figure 25). Every effort to preserve habitat critical for endangered or 

threatened species must be taken. 

 
 
 
 

Figure 24: Despain Pincushion Cactus. Photo retrieved from: 

http://plants.usda.gov/java/profile?symbol=PEDE17 

http://plants.usda.gov/java/profile?symbol=PEDE17
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Figure 25: Threatened and Endangered Species Richness Map. Data 

gathered from the Utah GIS Portal 
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ASSESSMENT MODELS 

Assessment models are used to combine different data sources in a way that can be 

used in the final model. These assessment models will use much of the previous vegetation, 

topology, wildlife, and water data in order to create the final grazing model. 

 

Distance from Water 

The data for these models was gathered from the Utah GIS portal, AGRC.  The first 

assessment model that will be created is the distance from water. This is done by taking the 

existing water source data in the study area and creating a buffer surrounding those water 

sources. Values were assigned based on the distance from the water using the best existing 

water source data. Distance valuations were decided to be a 2-mile buffer and a 1-mile 

buffer. The 1-mile buffer was given a greater weighted value of 2 in the final grazing model, 

where the 2-mile buffer areas were given a weighted value of 1. This is based on the 

premise that cattle prefer to stay within close distance to water while grazing. Because 

water is a scarce commodity in this landscape, ranchers prefer to keep their cattle close to 

water supplies. Distances further than 2 miles from a water source were given a weighted 

value of -2. This was in an effort to indicate the detriment of having cattle graze outside of a 

2-mile radius of a water source. Areas located more than 2 miles from an identified water 

source would have to have water provided to them from another source, such as wells, 

reservoirs, or trucked water see Figure 26. 
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Figure 26: Distance from Water Assessment Model. 
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Slope 

The second element used in the final grazing model is slope. Since cattle, especially 

cow-calf pairs, prefer to stay on flat ground, slope is an important aspect of grazing. This 

model was created by taking the Digital Elevation Model of the area and deriving the slope 

in degrees from that data source (Figure 28). It was then classified into categories: 0-3 

degree slopes being the most preferred and given a value of 3, 3-10 degree slopes second 

and given a value of 2, and slopes from 10-30 degrees given a value of 1. Slopes greater 

than 30 degrees were not given a value as the steep slopes are not conducive to grazing. As 

seen in Figure 27 this landscape can have dramatic changes in slope. 

 

 

 

 

 

 

 

 

 

 

 

                                 
Figure 27: Slope changes near Indian Creek Near Monticello Utah,  

                   Photo by Tyler Allen 
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Figure 28: Slope Assessment Model 

0 (Red) Too steep for grazing 

1 (Orange) Steep but possible 

2 (Light Green) Shallow slopes 

3 (Green) Flat Ground 
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Vegetation  

Vegetation was the third model created during this procedure. The model was 

created by using data from the Utah Division of Wildlife Resources (DWR) which was a 

generalized land cover map. The data had the advantage of being able to disaggregate the 

information in order to gain more detail for the grazing model.  As discussed earlier, the 

data had the advantage of being disaggregated and dominant species identified. For this 

model the two most dominant species of cover and grass were identified and valued 

according to the combination’s potential value for grazing. 

The land cover map was useful in identifying the types of grasses and shrubs which 

were present in the region. The shrub type aided in classifying lower productivity soils. For 

example, mat atroplex was beneficial in locating more alkaline soils. It was also helpful in 

identifying pinyon-juniper areas, with its mixture of grasses. These were both graded on a 

scale of 1-4.  Areas of forestland (Figure 31) were given a value of 3, and areas of mountain 

brushland (Figure 29) were given a value of 2. The general scale in this assessment model 

ranges from 1-4, 1 being the poorest in potential grazing value and 4 being the highest 

potential grazing value. 

On the pinyon-juniper model (Figure 31), areas which are shaded darker are 

considered higher value. On the brush and grassland model (Figure 32) the darker greens 

are the highest value (4), the lighter greens are less so (3), brighter reds are not as 

productive (2), and dark reds are the least productive for grazing (1). 

All factors were then combined into a single map called vegetation classification 

(Figure 33). This map combines the other data sources into one, and keeps the 
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classifications that each were given. This results in a data map with valuations for the study 

area from 1-4. 

The valuations for these vegetation models were guided by Dr. F.E. Busby of Utah 

State University. For each of the major cover types, we evaluated the vegetation 

combinations provided by the disaggregated information from the Utah DWR dominant 

vegetation layer. Each of the combinations of cover and vegetation was then given a value 

from 1-4 depending on its potential value for grazing in this study area.  

 

 

 

Figure 29: Mountain Brush Assessment Model 



45 |  P a g e

 
Figure 30: Forestland Assessment Model 



46 |  P a g e

 
 

Figure 31: Pinyon-Juniper Assessment Model 
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 Figure 32: Shrubs and Grasses Assessment Model (Highest potential value dark green, lowest potential 

value dark red) 
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Figure 33: Composite Vegetation 

Classification model. Highest potential 

vegetation value for grazing is dark green, 

lowest is light green. Clear (Grey) indicates 

no vegetative value 
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Wildlife 

              Another major factor important in the grazing model is wildlife. Areas which 

already have established populations of mule deer, elk, and bison may become competition 

for cattle.  Other species of wildlife, such as sage grouse, were also added to the model.  A 

data map was created for each of the species represented in the model which noted the 

presence (valued at 1) or the absence (valued at 0) of those individuals.  The prevalence of 

threatened and endangered species was also included, in addition to species richness.  This 

was at the township level and given a grade from 1-3 using Jenks natural breaks 

classification. Once each of these maps was developed, they were combined into a model 

noting the wildlife areas of concern for the region. This, in essence, is a wildlife species 

richness for threatened, endangered, and species of concern. The scale on this wildlife 

presence map indicates the concentration of these species, which act as a limiting factor for 

grazing.  A value of zero on the map indicates that there are no potential conflicts for 

grazing in these areas and the higher value given in this assessment model indicates higher 

potential for conflicts with grazing to occur. 
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Figure 34: Wildlife Presence Assessment 

model. Light blue indicates low interaction 

potential, dark blue indicates high interaction 

potential. Clear (Grey) indicates negligible 

wildlife interaction potential 
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FINAL GRAZING MODEL 

The Final Grazing model was developed from the assessment models. These 

included slope, distance from water, vegetation type, and an evaluation of wildlife in the 

region. Each layer retained classified values which were assigned in the assessment 

models. 

Each of these layers was then entered into the raster calculator in ArcMap 10.1 

(Figure 35). The slope, distance from water, and vegetation were combined. The wildlife 

presence was then subtracted to create the final grazing model 

The model (Figure 36) represents areas from poorest potential for grazing (reds) to 

highest potential for grazing (greens).  It must be noted that this model may indicate areas 

that are farther than 2 miles from a water source. This shows the potential should water be 

made available to cattle in those areas. This model should be used as a guide and not a final 

indication of true value. Site analysis should be employed in conjunction with any modeling 

process. 

 

 

 

 

 

Figure 35: Raster Calculator in ArcMap 
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Final Grazing Model 

 
 

 

 

Figure 36: Final Grazing Model 
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Final Model Process 

  

 It is important for this project to have a process that is replicable.  Therefore, a step-

by-step guide for land managers is included in Appendix. It includes definitions and a walk-

through of the model process. It is intended for land managers with some knowledge of, 

and access to, ArcGIS.  

 The below process diagram, Figure 37, shows the general flow of the model. It is 

intended to provide guidance during the course of the step-by-step process.  

 

 

 

 

 

Figure 37: Step-by-Step process model 
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RESULTS, VALIDATION, AND OPPORTUNITIES FOR FURTHER RESEARCH 
 

The objectives in creating a grazing model were to: 

 

1. Examine what spatial data is important for grazing in grazing in the study area and 

establish a process by which the collection of data can be accomplished for others. 

2. Create a GIS model which can be used to identify areas of high grazing value. 

Through the course of this project, I feel that I have accomplished these objectives. 

This is a basic grazing model which others can build upon for their own allotments or 

regions. To capture the most necessary elements for grazing in this harsh climate, I have 

intentionally kept the data as general and simple as possible. The grazing model is general 

enough that land managers should be able to find data to fit their area with relative ease.  It 

is also a method which allows for tailoring of the model to individual allotment needs. If, for 

example, land managers know of another issue which is important to their allotment aside 

from water, slope, vegetation, and wildlife, they can add the data for a more personalized 

assessment. This model is a first attempt at a complex issue. The goal is not to be an end-all 

solution for grazing in every circumstance.  

The results of this model were shown to ranchers in the Monticello area, including 

Heidi Redd, who indicated that it appeared accurate for the region that she was familiar 

with. It was also shown to rangeland scientists in the Moab BLM field office  and they 

indicated that it was accurate for the region in which they worked. They also speculated 

that this model could be used to identify areas where recuperation of overgrazed areas 

may be possible by indicating where higher potential could be if extra efforts were taken. 

Dr. Busby emphasized that areas of moderate value which are shown on the map outside of 
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the 2-mile radius of water sources would need alternative water sources to be viable 

grazing locations in those regions. More detailed information regarding water sources 

would provide a more accurate model if the data were available. 

There are opportunities for improvement in the future. If vegetation change can be 

predicted through climate models, then this procedure could be adapted to reflect that 

change and show how grazing areas may shift. This model could also be further refined 

with more detailed data or an adaptation to the allotment level of data. 
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Appendix A: Southwest GAP legend 

 

 

Legend

LandCover

DESCRIPTION
 

Agriculture

Barren Lands, Non-specific

Colorado Plateau Blackbrush-Mormon-tea Shrubland

Colorado Plateau Mixed Bedrock Canyon and Tableland

Colorado Plateau Mixed Low Sagebrush Shrubland

Colorado Plateau Pinyon-Juniper Shrubland

Colorado Plateau Pinyon-Juniper Woodland

Developed, Medium - High Intensity

Developed, Open Space - Low Intensity

Disturbed, Non-specific

Disturbed, Oil well

Great Basin Foothill and Lower Montane Riparian Woodland and Shrubland

Great Basin Pinyon-Juniper Woodland

Great Basin Semi-Desert Chaparral

Great Basin Xeric Mixed Sagebrush Shrubland

Inter-Mountain Basins Active and Stabilized Dune

Inter-Mountain Basins Big Sagebrush Shrubland

Inter-Mountain Basins Big Sagebrush Steppe

Inter-Mountain Basins Cliff and Canyon

Inter-Mountain Basins Greasewood Flat

Inter-Mountain Basins Juniper Savanna

Inter-Mountain Basins Mat Saltbush Shrubland

Inter-Mountain Basins Mixed Salt Desert Scrub

Inter-Mountain Basins Montane Sagebrush Steppe

Inter-Mountain Basins Mountain Mahogany Woodland and Shrubland

Inter-Mountain Basins Playa

Inter-Mountain Basins Semi-Desert Grassland

Inter-Mountain Basins Semi-Desert Shrub Steppe

Inter-Mountain Basins Shale Badland

Inter-Mountain Basins Subalpine Limber-Bristlecone Pine Woodland

Inter-Mountain Basins Volcanic Rock and Cinder Land

Inter-Mountain Basins Wash

Inter-Mountain West Aspen-Mixed Conifer Forest and Woodland Complex

Invasive Annual and Biennial Forbland

Invasive Annual Grassland

Invasive Perennial Grassland

Invasive Southwest Riparian Woodland and Shrubland

Mogollon Chaparral

Mojave Mid-Elevation Mixed Desert Scrub

North American Alpine Ice Field

North American Arid West Emergent Marsh

North American Warm Desert Bedrock Cliff and Outcrop

North American Warm Desert Lower Montane Riparian Woodland and Shrubland

North American Warm Desert Playa

North American Warm Desert Riparian Mesquite Bosque

North American Warm Desert Riparian Woodland and Shrubland

North American Warm Desert Volcanic Rockland

North American Warm Desert Wash

Open Water

Recently Burned

Recently Chained Pinyon-Juniper Areas

Recently Logged Areas

Recently Mined or Quarried

Rocky Mountain Alpine Bedrock and Scree

Rocky Mountain Alpine Dwarf-Shrubland

Rocky Mountain Alpine Fell-Field

Rocky Mountain Alpine-Montane Wet Meadow

Rocky Mountain Aspen Forest and Woodland

Rocky Mountain Bigtooth Maple Ravine Woodland

Rocky Mountain Cliff and Canyon

Rocky Mountain Dry Tundra

Rocky Mountain Gambel Oak-Mixed Montane Shrubland

Rocky Mountain Lodgepole Pine Forest

Rocky Mountain Lower Montane Riparian Woodland and Shrubland

Rocky Mountain Lower Montane-Foothill Shrubland

Rocky Mountain Montane Dry-Mesic Mixed Conifer Forest and Woodland

Rocky Mountain Montane Mesic Mixed Conifer Forest and Woodland

Rocky Mountain Ponderosa Pine Woodland

Rocky Mountain Subalpine Dry-Mesic Spruce-Fir Forest and Woodland

Rocky Mountain Subalpine Mesic Meadow

Rocky Mountain Subalpine Mesic Spruce-Fir Forest and Woodland

Rocky Mountain Subalpine-Montane Limber-Bristlecone Pine Woodland

Rocky Mountain Subalpine-Montane Riparian Shrubland

Rocky Mountain Subalpine-Montane Riparian Woodland

Sonora-Mojave Creosotebush-White Bursage Desert Scrub

Sonora-Mojave Mixed Salt Desert Scrub

Sonora-Mojave-Baja Semi-Desert Chaparral

Southern Colorado Plateau Sand Shrubland

Southern Rocky Mountain Montane-Subalpine Grassland

Wyoming Basins Low Sagebrush Shrubland
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WHAT IS ARCGIS 10.1? 

ArcGIS 10.1 is a geographic 

information system which allows 

the user to spatially represent 

attributes on the landscape.  

It is also useful when creating 

spatial models to represent the 

landscape and analyze the 

attributes to visualize data in new ways. This is the software program that this 

grazing model will use. This is due to its wide use among land management 

agencies. 

 

IMPORTANT FACTS FOR 

GRAZING 

This is an arid environment. Water is 

scarce in this study area. This produces an 

environment where water is very 

important to the model. 

Cattle usually prefer to stay on flatter 

areas, so slope will play a role. This is 

especially true of cow-calf pairs who 

prefer to stay on the flatter landscapes 

near water and good vegetation. 

Vegetation is a driving factor in quality of 

grazing locations. It will be important to 

know the vegetative grazing qualities of 
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the study area in order to properly value the vegetation in the final model.  

Limiting factors such as wildlife interactions do influence grazing within this 

region and should be accounted for in your model. Use local information as to 

what may limit grazing in the study area as it will be important to factor that into 

the final model. 

PROCESS FOR THE MODEL 
It is important to have an idea of the roadmap of the model. The process diagram 

below is the process that this model will take from this point on. It starts with 

Study Area evaluations, then gathering the necessary data, then the assessment 

models, and then combining those assessment models into the final grazing 

model. 
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Study Area Evaluation – This is the portion of the process where a careful 

examination and evaluation of the study area occurs. It involves site visits, case 

studies, and a determination of exactly what the study area is spatially.  

Data Acquisition – Collect and evaluate the necessary data in the study area. This 

will include data on water availability, vegetation types, what limiting factors are 

available, and acquiring a DEM of the study area. These can either be publicly 

available data, data gathered individually, or in house data, but those four factors 

must be included. 

Evaluation Models – Use the collected data to create evaluation maps. These will 

show the elements of the landscape with values associated with the landscape 

attributes. These models will include distance from water, vegetation type, slope, 

and any limiting factors. Limiting factors can be anything which may lower the 

value of the landscape to grazing, such as competing wildlife interests of 

threatened and endangered species. 

Final Grazing Models – The final grazing model is the last step of the process. It 

incorporates each of the evaluation models to produce a relative value grazing 

model for a study area. 

If at any point in the process it is discovered that something is missing from the 

gathered data, or the study area has not been evaluated thoroughly, it is 

encouraged to return to previous steps and iterate the process. The cannot be 

done until the final model is complete and conforms to what is seen on the 

ground from the study area evaluations. 
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WHERE TO FIND DATA 

Utah has a great resource for finding data via the Utah GIS Portal 

(http://gis.utah.gov/). Here you fill find all the data information used in this 

model. The data can be downloaded from this site and used to create the 

assessment models and the final grazing model. In-house and field work data can 

be used and may be more advantageous depending on the scale of the study 

area. However, it is encouraged to check the Utah GIS Portal as well to see which 

data may be more appropriate for the scale of the study area. 

For information as to the value of vegetation for grazing, the Utah State 

University Extension is a tremendous resource. Local knowledge may be very 

valuable as well, but for vegetation that is in the study area for which there may 

be some confusion as to its value, the Extension website provides some great 

insight (http://extension.usu.edu/). 

 

 

 

http://gis.utah.gov/
http://gis.utah.gov/
http://extension.usu.edu/
http://extension.usu.edu/
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THINGS TO KNOW ABOUT ARCGIS 10.1 

1. Save often. ArcGIS can be temperamental at times and crash. Saving often 

will make life much easier in the long run. ArcGIS 10.1 does not have an 

auto save feature, so make sure to save as often as possible. 

2. This program can take some getting used to, so take the time to get to 

know it throughout the process. It can be very helpful to spend some time 

exploring the other things you can do with the program. Get familiar with 

the toolbox and with ArcCatalog. 

3. This model is made for those with some exposure to ArcGIS, but when in 

doubt, or if you get stuck, ArcGIS help forums and FAQ go a long way to 

solving problems. 

(http://resources.arcgis.com/en/help/main/10.1/#/Welcome_to_the_ArcGI

S_Professional_Help_Library/00qn0000001p000000/)  

4. ALWAYS save in a location where you know you can find the data later. 

Keep your data organized by topic or location in their own folders 

throughout this process. 

• If there are any questions as to the methodology for this model please 

see my thesis “Spatial Model of Grazing in Southeast Utah” Tyler Allen – 

Thesis 2013. 

SOME DEFINITIONS 

DEM – Digital Elevation Model. This is a representation of the terrain of the study 

area and can be used for a variety of analyses. 

Raster – Data shown through a matrix of pixels with varying values. For example, 

a photograph can be a raster. 

Vector – Features of a map shown as points, lines, or polygons. These represent 

locations, linear features, or areas. 

Basemap – The underlying layer of data which shows the study area in a clear 

way. Usually the basemap consists of a satellite image, hillshade, or DEM. 

http://resources.arcgis.com/en/help/main/10.1/
http://resources.arcgis.com/en/help/main/10.1/
http://resources.arcgis.com/en/help/main/10.1/
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FIRST STEPS 

The first step of creating this model is evaluating the study area. This includes 

deciding what the boundaries of the study area are, what scale is most 

appropriate to work at for the study area, and studying the area for any limiting 

or beneficial factors involved with grazing. 

Gather all the data needed for this model. This will include a DEM from Utah GIS 

Portal or one which is already available in-house. It will also need to have 

locations of all reliable water sources in the study area and a good vegetation 

map. This can be either the GAP vegetation cover map or a more generalized map 

such as the DWR’s vegetation cover map. The DWR data is very helpful due to its 

ability to be disaggregated into both cover and grass type for a very rich data 

source. Also gather any other data related to limiting factors such as competing 

wildlife. 

It is then possible to start working with ArcGIS to begin the modeling process. 

First, create a new map in ArcGIS 10.1; there will be a prompt when opening the 

program to do this. You can then import imagery you have in-house for the study 

area or add a generic basemap of satellite imagery provided by ESRI by clicking 

the down arrow next to this button , then select basemaps and choose the 

imagery which will be best suited to the study area. Now, zoom in and begin by 

creating a shapefile and designating the study area.  

DESIGNATING THE STUDY AREA 

The first step in the process will be to create a shapefile which will show exactly 

what the study area is. If one already exists then continue on with the process. 

To create a shapefile: 

1. Go to the top of the screen under windows and click catalog. 

2. Connect to the folder in use for this project. 
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3. Right click on this folder and select new, then 

shapefile. 

4. Follow prompts to create the new shapefile, 

making sure to select polygon. Then select edit 

coordinate system and select 

NAD_1983_UTM_Zone_12N. 

5. This is located under projected -> UTM -> Nad 

1983 

6. Once the shapefile is created, then right click on 

it and select edit. Delineate the outline of the 

study area using the editing tools. 

7.  In the table of contents, right click on the 

shapefile you created. 

8. Select edit, then start editing. 

9. In the new dialog box which will appear, select 

the layer again and then choose an editing 

mode. 

10. Draw the study area on the map. 

11. Once completed, double click, then select editor  

-> stop editing. Save your edits. 

This will create a shapefile which will show the study area. This is very important 

as it will be used throughout the rest of the model process. Make sure this is 

saved and in a location that is easy to find.  

 

 

  



9 | P a g e  
 

HILLSHADE 

Import the DEM of the study area. If the DEM is larger than the study area, then it 

will be necessary to clip the DEM down to the study area.  

To do so: 

1. Import the DEM to your map project. This is done by clicking the add data 

button at the top of the screen. 

2. Once the DEM is displayed, in the toolbox go to Spatial Analyst Tools -> 

Extraction -> Extract by Mask . 

3. In the input raster, choose the DEM of the study area. 

4. In the feature mask or raster, choose the 

shapefile created of the study area. 

5. Choose to save the file in a folder created 

for your map project. 

6. Run the model. 

This should mask out all areas outside of the 

study area, giving you a clean DEM of just the 

study area of interest. This is important in order 

to cut down on time needed for processing and 

provides a product which will be useful for the 

study area. 

Once this is completed, the next step is to 

create a hillshade. A hillshade is a textured map 

of the study area which can provide a near 3D 

image of the region. This helps to give relief to 

the map. 
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To create a hillshade: 

1. Go to the toolbox -> Spatial Analyst -> Surface -> Hillshade. 

2. Select the DEM for the input raster. 

3. Select the folder that is being used for the map project as the destination 

folder. 

4. Run the hillshade tool. 

The results should look similar to the image below. 

 

 

 

  



11 | P a g e  
 

Assessment Models 

Slope 

Slope is an important factor to predict the grazing potential of a region. Cattle, 

especially cow-calf pairs, prefer to remain on relatively flat ground. This is why a 

DEM is so important to the model. Using the DEM, the program can estimate the 

degree of slope of the study area. From there it is possible to classify this attribute 

in a way which can be incorporated into the final model. 

To find the degree slope of the landscape: 

1. Go to the toolbox -> Spatial Analyst -> Surface -> Slope. 

2. In the input raster, again 

choose the DEM. DO 

NOT use the hillshade 

for this model. 

3. Choose the same 

location to save as the 

rest of the data so far. 

4. Run the slope tool. 

The results should be similar 

to the image to the right. It is 

possible to change the colors 

and transparency of the image 

by double-clicking on the layer 

in the table of contents, then 

going to the symbology and 

display tabs. Find the 

combination that works best 

for the study area. 
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Water 

Water is critical for grazing, and is especially true in a semi-arid location such as 

the Southeast portion of Utah. For this portion of the model, add the water data 

for the study area.  

If the data needs to be clipped: 

1. Go to the toolbox -> Analysis Tools -> Extract -> Clip. 

2. Select the water data as the input data. 

3. Select the study area polygon as the clip feature. 

4. Save the data to the map project folder. 

5. Run the Clip tool. 

Once the data is clipped to the study area, it will be important to buffer the water 

data. This is because cattle prefer to stay within certain distances to water. In this 

model that distance is preferably within 1 mile of a water source, with 2 miles 

being a lower value, and any further than 2 miles being given a punishment value 

as it is a limiting factor to grazing. 

To buffer the water sources: 

1. Go to the toolbox -> Analysis Tools -> Proximity -> Buffer. 

2. In the input feature, select the water data. 

3. Select a distance of 1 mile. 

4. On the bottom of the dialog box go to environments. 

5. Change the processing extent to the study area polygon. 

6. Run the tool. 

7. Repeat this process including a 2-mile buffer of the same water data. 

This data must then be changed to raster form. To do so: 

1. Go to toolbox -> Conversion Tools -> To Raster -> Polygon to Raster. 

2. In input features select the newly created buffers. 

3. Keep the rest of the values the same, changing only the location where the 

output raster will be saved. 
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4. Again, go to the environments tab and change the processing extent to the 

study area. 

a. This must be done every time. 

5. Repeat as necessary for each buffer created. 

This will produce several layers of rasters. This will be important in order to 

combine them all into a single layer. To do so it will first be necessary to reclassify 

them each. Reclassify means to change the value of the rasters in more 

meaningful ways for the final model. There are some important things to know 

about reclassification: 

1. Save before reclassifying anything. ArcMap occasionally crashes during the 

process. 

2. The values that will be reclassified can be both Positives (Good for grazing) 

and Negatives (Limiting factors). 

3. There can be NO “No Value” pixels in raster calculator. For this reason it will 

be important to reclassify “No Values” into ‘0’. 

4. All data must be reclassified at the same processing extent for the raster 

calculator to work. This is why it is so important to change the 

environments for each tool throughout the process. 

To Reclassify: 

1. Go to the toolbox -> Spatial Analyst Tools -> Reclass -> Reclassify. 

2. Select the newly created rasters for the buffered water sources. 

3. Change all the values to 1 EXCEPT for the bottom value of “No Value” – 

Change it to 0. 

4. Change the processing extent in environments to the study area 

polygon. 

5. Run the reclassify tool. 

This will produce a binary 1 or 0 map, 1 meaning it  is within the buffered 

area of a water source, or 0 meaning that it is outside the buffered area. 

Repeat this process for all buffered water sources. 
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Once each of the water sources has been reclassified, they can then be combined 

into a single layer from the two previous layers (the 1-mile and 2-mile buffer). 

This is done through the raster calculator. 

The raster calculator uses the values of raster layers to analyze data and create 

new map layers. 

 It can only add values of rasters. 

 It cannot accept no value data. 

 All data must be processed at the same extent in environments or the 

results will not reflect the entire study area. 

To use the raster calculator to combine the water buffers: 

1. Go to toolbox -> Spatial Analyst Tools -> Map Algebra -> Raster Calculator. 

2. Select both of the reclassified water buffers, making sure to include a (+) 

sign between them. 

3. Select the save location for the map project. 

4. Run the raster calculator. 

This will produce a map with values of 1, 2, and 0. 1 being if an area is further 

than 1 mile but within 2 miles of a water source. 2 if the area is within a mile of a 

water source, or 0 if the area lies outside of the 2 miles needed for grazing. Due to 

the 0 value, again reclassify this new map. Keep the 1 and 2 values, but change 

the ‘0’ and ‘No Value’ values to ‘-2.” This will change the final water model map to 

have the values of 1, 2, and -2.   
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The final water model should 

look similar to the image to the 

right. If it does not, there are a 

couple of things that may have 

changed the outcome: 

 The processing extent 

was not changed for each 

of the water sources, or 

buffers of the water 

sources. 

 The symbology is not 

changed yet for the the 

map layers. 

o To change the 

symbology, double 

click on the layer in 

the table of 

contents, navigate 

to the symbology 

tab and the display 

tab and change the 

colors to fit the 

study area. 
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Slope Reclassification 

 Earlier in the process, the degrees slope was derived from the DEM. This 

portion of the process will use the same reclassification tool to change the degree 

slope map made earlier to a reclassified slope, with values based on how flat the 

landscape is and its potential value to grazing. 

1. Go to the toolbox -> Spatial Analyst Tools -> Reclass -> Reclassify. 

2. Choose the slope layer. 

3. The values should be between 0-90 degrees. 

4. Select classify on the right of the dialog box. 

5. Select equal interval and change 

the number of classes to 4. 

6. Classify between 0-3 degrees as 

a 3. 

7. Classify from 3-10 as 2. 

8. Classify 10-30 as 1. 

9. Slopes greater than 30 should 

be given a 0 value as they are 

too steep to be considered 

advantageous to grazing. 

10. Make sure to change the “No 

Value” to 0 as well and change 

the processing environment to 

the study area polygon. 

The final slope classification should 

look similar to this image. Remember 

to change the colors in the symbology 

tab and increase the transparency to 

allow the hillshade to show through 

the image. 
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Vegetation 

Vegetation is the third key factor for evaluating grazing potential. It is also the 

area where local knowledge and professional understanding of the area come in 

most handy to establishing the values needed for various vegetative ground 

cover. This portion can be as detailed or general as desired; however, the quality 

of the model relies heavily on the accuracy of the evaluations given to the 

vegetation types in the study area. There are several sources of data available, the 

most detailed being the Southwest GAP vegetation. The data source used in this 

model, which is more general, was the DWR’s vegetation cover, which can be 

disaggregated into the different dominant vegetation on the landscape for 

evaluation. Depending on the study area chosen and the level of detail desired, 

either source can work.  

This is the most time intensive of 

the steps in the process, but one of 

the most critical. If possible, give 

value to the land cover by using 

both the dominant vegetation type 

as well as the dominant grass cover. 

The combination of grass and cover 

will provide a richer understanding 

of the grazing potential than either 

of those factors alone. For example, 

a stand of Pinyon-Juniper alone is of 

lower grazing potential value than 

is a stand of Pinyon-Juniper with a 

ground cover of Ricegrass. This is 

more easily done with the DWR 

classifications of vegetation than 

with Southwest GAP data. 

The first step of converting the raw 

vegetation data into useful data for 
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the model is to classify the vegetation. This will be done in the attribute table. 

To produce the vegetative potential: 

1. Open the attribute table by right clicking on the layer in the table of 

contents and select attribute table. 

2. Find the column which describes the dominant vegetative types and sort 

the table by that column. To do this, double click on the column title. 

3. Find another blank column or add a new field which will be used to store 

the value given to the vegetation. 

4. Begin editing the layer at this point. 

a. Right click on the layer in the table of contents and select edit -> Start 

Editing. 

5. In the blank column in the attribute table, begin giving values to the 

vegetation types in the study area. Keep these to values of 1-4, (1 being the 

poorest potential, and 4 being the highest potential value). 

a. If there is a question as to the value of the vegetation combination, 

refer to the Utah State University Extension office website, which has 

great information regarding grazing vegetation . 

b. Depending on the quality of data and the size of the study area this 

may be a very long list, however, the time spent understanding the 

vegetation will pay off later in the final product. 

6. Once completed, convert the layer from polygon to raster in the same 

process used in the water model. 

a. In the value field, make sure to select the field which now holds the 

potential vegetation value of grazing. This will retain the values given 

to the vegetation types. 

7. Reclassify the new raster to remove the “No Value” and make it into a ‘0’. 

Make sure to keep each of the 1, 2, 3, 4 fields the same as before. 
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This process should produce a map with 

vegetation values ranging from 1-4, 

indicating poor to high potential 

vegetative value.  The map should look 

similar to the map on the right. If it does 

not, and does not seem to have retained 

the values given in the attribute table, 

there may have been a problem with the 

value field in the conversion from polygon 

to raster. If this is the case, it may be 

necessary to return to step 6 and try 

again.  

Remember to change the colors and 

transparency in the properties of the 

layer. Remember to save as often as 

possible. 

 

 

LIMITING FACTORS 

Limiting factors are anything which limit the potential for grazing in an area. This 

can be anything, but the most common are competing wildlife and threatened or 

endangered species which can lower the potential for grazing without precluding 

the possibility of grazing. The first step in the process is to convert the limiting 

factors from polygons to rasters. Once this is completed, then these new rasters 

can be reclassified. There are two ways to account for a limiting factor in the final 

model during reclassification of the information. 

The first is to have a binary value given to each limiting factor. This means to give 

a 1 if there is a present species of concern or other factor, or a 0 if there is 
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nothing present in the area. This is best done when there are many layers or 

factors to take into consideration for the study area. 

The second is to give a weighted value to the limiting factors. This means that 

instead of a 1 or 0, the limiting factor is given a weight depending on the 

perceived severity of the limiting factor. If, for example, an endangered snail is 

more important than an endangered caterpillar, then reclassify the endangered 

snail habitat with a higher value (perhaps a 3) than the caterpillar (a 1). This 

method is not as recommended as the binary value; however, it can still be used. 

It is best used when there are few limiting factors to consider. 

After reclassifying the limiting factors, use the raster calculator to add all the 

newly reclassified information. This will provide a map with values between 0 (no 

limits) to as many as the number 

of limiting factors you have 

identified. If this value is very 

large, this can have two meanings. 

1. Grazing in this area is not 

recommended. It will be 

reflected in the final model. 

2. The limiting factors should 

be reclassified to a scale of 

1-4 (low to high limits). This 

will be determined through 

professional judgment of the 

severity of constraints on 

grazing in the study area. 
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FINAL GRAZING MODEL 

The final step in the process is the merging of all the previous data into the final 

grazing model. This will take the information from the reclassified data in the 

previous steps and combine them into a single data layer which will show the 

grazing potential of the study area. 

This is done by: 

1. Open the raster calculator. 

2. Select ‘reclassified slope’ (+)  

‘reclassified water’ (+) ‘ reclassified 

vegetation’ (-) ‘limiting factors’. 

3. Make sure to save in the map 

project folder that has been used 

throughout the process. 

4. Run the raster calculator. 

5. Open the reclassify tool and select 

the newly created layer. 

6. Reclassify with 5 classes. 

7. The final model will then be 

created with 5 distinct classes 

showing grazing potential from 

poor to high potential. 

This will produce the final grazing model. 

The locations with low value are 

considered areas of poor potential value 

for grazing where higher values are 

related to those areas of higher potential value for grazing.. This is not intended 

as an end all map but a guide for grazing potential in the study area. If there are 

any questions or concerns please refer to my study Spatial Model of Grazing in 

Southeast Utah. 


