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ABSTRACT 

 
Watersheds in the Southwest, particularly the San Simon Watershed in Arizona, 

have been experiencing degradation since the turn of the century through processes of 

erosion and vegetation change. Mitigation and management actions rely on long-term 

assessment of landcover change; however, traditional methods of ground assessment are 

time-consuming and specific to particular sites. Remote sensing techniques can be an 

alternative method to assess landcover change over extensive areas. Forage inventory 

surveys and historical monitoring data were assessed for utility in landcover change 

detection. The contemporary remotely-sensed classifications included 2001 SwReGAP 

data and a CART classification of 2010 Landsat TM data. The CART classification was 

aided by shrub cover analysis of NAIP aerial photography. It was found that 1930s 

Grazing inventories were compatible with contemporary satellite image classifications 

for large-scale landcover change detection. 
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1 INTRODUCTION 

According to the Millennium Ecosystem Assessment (2005), drylands occupy 

41% of Earth's land area and are home to 38% of total global population. Severe land 

degradation, or desertification, affects 10-20% of drylands and 250 million people. In the 

United States, desertification and associated control initiatives often fall under a variety 

of headings such as land degradation and rangeland health. The term “desertification” is 

therefore less commonly used, but the underlying challenge presented by severe land 

degradation is still great. A significant portion of the land area in the United States – as 

high as 37% – is considered susceptible to desertification (Eswaran, Beinroth, and 

Virmani 2000; Eswaran, Reich, and Beinroth 2001). 

Desertification is an environmental and a developmental problem, which results 

from complex interactions between natural and socio-economic drivers and is subject to 

major feedback mechanisms (United Nations 2008). In the United States, processes 

leading to desertification include the replacement of grasses by undesirable forbs and 

shrubs, coupled with sheet, wind, and water erosion, leading to large gullies and high 

salinity that can dramatically reduce the productivity of land (Dregne 1977). In the most 

severe cases, the deep incisement of streams known as arroyo cutting can dramatically 

impact ecosystem structure and function. Arroyo cutting, the conversion of fertile, broad 

valley floors to continuously entrenched stream channels with abrupt, nearly vertical, 

canyon-like banks (William B. Bull 1996), has been a significant problem in the U.S. 

Southwest over the last century. They cut previously flat, valley-floor alluvium through a 

process of degradation that concentrates water in a channel, instead of spreading the 
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resource more evenly throughout the valley, hindering the growth of native plants (Cooke 

and Reeves 1976; William B. Bull 1996). Arroyos can be from 5 to 200 kilometers long 

and the processes, once initiated, result in self-enhancing feedback that can persist for 

more than a century, affecting all aspects of the ecosystem. These systems are common 

throughout the southwestern U.S., and the San Simon Watershed in southeastern Arizona 

is a typical example. 

The structure and condition of plant communities in a watershed is directly tied to 

the health and functioning of the surrounding ecosystem because vegetation cover affects 

hydrological process, nutrient cycling and energy capture. Vegetation acts as an 

important regulator of runoff, reducing the amount of discharge and dampening the 

“flashiness” of the runoff from storm events. Loss or unfavorable change in vegetation 

cover can lead to excessive runoff, thus, soil erosion. Fluvial erosion has been a major 

management challenge in the San Simon Watershed since the entrenchment of the main 

channel, which was mostly a shallow meandering stream until 1905-6 (Olmstead; Barnes 

1935). The arroyo development, in turn, affected the hydrological regime of the 

floodplain, which reduced riparian vegetation through self-enhancing feedback 

influenced by climate variability and enhanced by altered land use (e.g., intensive grazing 

and road construction). To address the management challenge in this or the many other 

similar watersheds throughout the region, one can benefit from a better understanding of 

the vegetation changes in the San Simon over multiple decades for the interactions 

between vegetation, sediment process and climate are complex.  
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Degradation requires treatments when soil loss tolerance levels are exceeded and 

there is a drastic change in vegetation type and amount of productivity. Understanding 

the impact of those treatments in the context of changing climate and land use requires a 

site that has experienced severe land degradation with subsequent interventions. The San 

Simon Watershed (Figure 1), a sub-basin in the Upper Gila River Watershed in 

southeastern Arizona is an exceptional living laboratory for understanding these systems 

and the impact of interventions. More than a century ago, a number of natural and human 

factors converged to cause catastrophic erosion in the San Simon Valley of southeastern 

Arizona. The San Simon River, which runs northwest and deposits its water in the Gila 

River, transitioned into a channelized arroyo from a wide, meandering creek through the 

process of erosion (Bahre 1991). 

In the 1920s, people began to notice and record the changes happening since the 

1880s in San Simon and other arroyos in southern Arizona that were experiencing arroyo 

cutting (Kirk 1925). At first, this change was completely attributed to the migration of 

Europeans into the area in the 1850s and subsequent large, open range cattle drives across 

the sacatón grasslands in the valley between the Chiricahua and Whitlock mountains. 

Overgrazing was a major problem until the drought of 1891-2, when 50-75% of the cattle 

died of starvation (Humphrey 1987). This combination of climate and human drivers are 

considered likely contributors to the changes in the San Simon Valley, though the relative 

contributions are debated. Bull (1991, 1996) argues that the geomorphic processes are 

generally driven by climate and are, therefore, part of a natural historic cycle. Schlesinger 

et al. (1990) also describes desertification as a natural process. Hasting and Turner 



14 
 

 

(1965), Humphrey (1987), and Bahre (1991) argue that human fire suppression and 

overgrazing were major drivers behind vegetation change; however, all also cited rainfall 

and temperature trends as factors. In 2007, Castellano and Valone (2007) concluded that 

livestock-induced degradation leads to slower perennial grass recovery than drought-

induced desertification. Cattle can trample and compact the soil, thereby decreasing water 

infiltration. The excessive gathering of firewood, the subsequent deforestation of 

woodlands (Bahre 1991), and the construction of roads further concentrated the water 

flow and affected vegetation cover (Cooke and Reeves 1976; Brandau, Wittler, and Orr 

2003), changing the character of the ecosystem, contributing to the decrease of 

vegetation, and the acceleration of the arroyo cutting process. The combination of climate 

and human factors set off the self-enhancing feedback mechanisms that transformed this 

relatively flat valley into a highly incised system of head-cutting gullies and larger 

arroyos. These mechanisms increased the percentage of grassland to shrubland. 

In response to the erosion and vegetation changes, regulations were set and 

structures were planned along the San Simon to decrease erosion (Kirk 1925). Over the 

past 70 years, a number of engineering and management interventions have been put in 

place in the San Simon at various times by the U.S. Federal government. These efforts 

were intended to arrest erosion and to reclaim, to some degree, the former productivity of 

the valley. Most dramatic of these are a network of engineered water and sediment 

control structures at a variety of scales. Some are large, spanning the floodplain of the 

San Simon to contain sediment, while others direct major tributary flow down spillways 

to arrest headward erosion. More are minor in their scope, such as gully plugs or weirs 
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constructed from local materials that were intended to retard – rather than arrest – 

headward erosion of minor tributary channels. The Civilian Conservation Corps built 

hundreds of small structures to stop arroyo development between 1935 and 1942, but 

failed to control the main channel (Cooke and Reeves 1976). The BLM also built 19 

major detention dams, dikes, and earth structures beginning in the 1930s (USDA NRCS 

2007). In addition to direct engineering interventions, there have been a host of 

experimental interventions that were intended to manipulate the surface and vegetation 

cover on the surrounding uplands to achieve similar ends:  reduce overland flow, stabilize 

soil and, as a consequence, increase biological productivity. By their nature, these 

interventions have been less systematic, more scattered and sporadic, and thus more 

difficult to track through time. Degradation was also addressed by dramatically reducing 

the carrying stock permitted in grazing allotments in recent decades (approximately 23% 

reduction per allotment since 1980) (Molitor 1997). Despite the level of activity in the 

San Simon that was undertaken to address these problems, no set schedule or plan was 

being followed. Equally important, projects were distributed among several different 

disciplinary and administrative units rather than serving as the core of a long-term 

comprehensive program. The interventions that have been implemented have generated 

data and information that cannot be replicated unless done again over a comparable time 

period into the future. 

There are two major issues with the degradation process in the San Simon 

Watershed. As of 2007, the Arizona Department of Environmental Quality has issued a 

draft Total Daily Maximum Daily Load determination for the Gila River. In it, the San 
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Simon has been identified as a major source of sediment to the Gila River and San Carlos 

Reservoir (USDA NRCS 2007). In addition, natural subsurface flow through the aquifer 

systems transmits salts to the Gila River, consequently increasing salinity; such flow is a 

major non-point source pollutant. Considering the age of the structures designed to 

control these channels, it is essential to understand how the system has changed as a 

result of the interventions. 

The length of time required to realize results of any intervention in the 

management of natural resources and to understand the processes that determine those 

results is measured in timescales that range from generations to centuries, rather than 

years to decades. Even after 70 years of intentional management, the causes and effects 

of changes on the landscape are difficult to unravel even where conditions are carefully 

controlled. Where controls and records are not fully understood – as is the case with the 

San Simon – the task is considerably more difficult. Since channelization along the San 

Simon began, there have been studies on the change in vegetation and its causes based on 

comparison of early to recent photography (Hasting and Turner 1965; Humphrey 1987; 

Bahre 1991). These studies explored the larger trends of vegetation change across the 

watershed, but there has not been an in-depth assessment of vegetation and land-cover 

change in the context of local climate variability and seasonality. 

Throughout the Southwest, landscapes that are experiencing degradation are often 

vast and difficult to monitor or assess. Remote sensing makes it possible to analyze 

landcover changes that may indicate a change in the system, and various methods, such 

as image differencing, principal component analysis and post-classification comparison 
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can be employed for such analysis (Lu et al. 2004). In addition, the use of decision trees 

for classification of remotely-sensed data for change detections has gained popularity 

over commonly employed classification techniques like maximum likelihood and 

artificial neural networks in the past years (Pal and Mather 2003). Some users have found 

accuracy results to be superior using regression trees over maximum likelihood for 

vegetation change analysis (Rogan, Franklin, and Roberts 2002; Friedl and Brodley 

1997). Advantages to using decision trees over other methods include easy access to 

software for its implementation, it can take multiple primary and ancillary inputs of 

different scales, does not make statistical assumptions, has a short processing time, and 

the software is easy to access and implement (Lawrence and Wright 2001; Lawrence et 

al. 2004). In addition, the user has control over the complexity of the trees through 

pruning of the trees and boosting techniques (Pal and Mather 2003; Lawrence and Wright 

2001).  

Recent studies have employed historical datasets for landcover change detection, 

such as the 1935 Grazing Service Inventory Survey maps (Skaggs 2011; Williamson et 

al. 2011) and 1930’s aerial photography (Browning, Archer, and Byrne 2009). Landcover 

change detection is also improving with the use of high resolution datasets to aid in the 

classification of contemporary datasets (Rokhmatuloh, Al-Bilbisi, and Tateishi 2005), 

including estimating tree canopy at 30m resolutions (Hansen et al. 2002; Huang, Yang, 

and Homer 2001). 

This project tested the use of a historical dataset and two contemporary datasets 

for detecting landcover change. For the assessment of rangeland conditions and trends for 
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the purpose of making current management decisions, the time period needed to fully 

understand the long-term trend is longer that the time period for which satellite imagery 

is available. Therefore, I explored the use of historical datasets as substitutes for 

unavailable satellite imagery. The Bureau of Land Management provided access to 1935 

Grazing Service Inventory Survey maps and historical ground monitoring data, although 

the latter was not used for landcover change detection. The contemporary datasets 

include a pre-classified dataset funded by USGS, the Southwest Regional Gap Analysis 

Project (SwReGAP) (USGS BRD 2012), for the American Southwest and a classification 

of Landsat 5 Thematic Mapper (TM) images aided with a percent shrub cover analysis of 

contemporary aerial photography from the U.S. Department of Agriculture (USDA) 

(USDA 2012). The historical datasets would allow me to perform the analysis at a decade 

scale. The 1930s are a particularly important period marked by a number of significant 

biophysical and socio-economic changes, including arroyo development, introduction of 

exotic species, and a general increase in aridity in the Southwest (Sellers 1960; Cooke 

and Reeves 1976).  

I set out to document and interpret landcover change in the San Simon Watershed. 

In the process, I recognized that the challenges associated with multi-decadal, pre-

satellite change analysis are considerable. We, therefore, pursued research on the 

methods themselves, both to improve their utility through iterative and formative 

adjustments based on what I learned, and to understand and compare the most common 

types of datasets available for historic to contemporary change detection. What follows is 

a detailed documentation of the methods employed and results obtained, with a 
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discussion of the conclusions I reached about each dataset and classification approach 

undertaken. I hypothesized that historical Grazing inventories would be comparable to 

contemporary satellite image classification to quantify the area of change from different 

landcover classes.
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2 METHODS 

2.1 Study Site 
The study site is the northern portion of the San Simon Watershed, Hydrologic 

Unit Code HUC (Arizona State Cartographer’s Office 2010) number 15040006, which is 

found in southeastern Arizona within the counties of Cochise and Graham and a small 

portion of Hidalgo county in New Mexico (Figure 1).  

 
Figure 1. The San Simon Watershed is in Southeastern Arizona and a bit on the 
western edge of New Mexico. The study site is the northern portion of the 
watershed. 
 

The watershed covers 5,828 sq. km (2250 sq. mi). Of this area, 56% is classified 

as Chihuahuan-Sonoran Desert Shrubland at 800-1,200 m (2,600-4,000 ft) of elevation. 

This plant community is composed of Prosopis L. (mesquite), Parkinsonia L. (palo 

verde), Acacia greggi (catclaw acacia), Yucca elata (soaptree yucca), Larrea tridentata 
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(creosotebush), Cylindropuntia versicolor (Engelm. ex J.M. Coult.) F.M. Knuth (taghorn 

cholla), Atriplex L. (desert saltbush), Ephedra viridis (Mormon tea), Haplopappus 

tenuisectus (Greene) S.F. Blake (burroweed), Gutierrezia Lag. (snakeweed), Hilaria 

mutica (Buckley) Benth. (tobosa), Bouteloua eriopoda (Torr.) Torr. (black grama), 

Aristida L. (threeawns), Muhlenbergia porteri Scribn. (bush muhly), and Scleropogon 

Phil. (burrograss) (USDA NRCS 2007). Another 21% of the watershed is Chihuahuan-

Sonoran Semidesert Grassland at 1,000-1,500 m (3,200-5,000 ft), which is dominated by 

warm season grasses such as Bouteloua curtipendula (Michx.) Torr. (sideoats grama) 

Bouteloua eriopoda (Torr.) Torr. (black grama), Eragrostis intermedia Hitchc. (plains 

lovegrass), Hilaria mutica (Buckley) Benth. (tobosa), Aristida L. (threeawns), Digitaria 

californica (Benth.) Henr. (Arizona cottontop) and Muhlenbergia porteri Scribn. ex Beal 

(bush muhly) dotted with shrubs and forbs. The last 23% is Mexican Oak/Pine Woodland 

at 1,400-3,300 m (4,500-10,700 ft) (USDA NRCS 2007), made up of oaks (e.g., Quercus 

emoryi Torr. (Emory oak) Quercus arizonica Sarg. (Arizona white oak), and junipers 

(e.g., Juniperus monosperma (one-seed juniper), Juniperus deppeana Steud. (alligator 

juniper)). Riparian vegetation covers 0.1% of the total watershed area. Land tenure is 

predominantly public land, with the Bureau of Land Management (BLM) being is 

responsible for 41% of the watershed, while 26% is State Trust Land, and 13% is under 

the U.S. Forest Service (USDA NRCS 2007). Private land makes up 19% of the 

watershed. 

Lower elevations correlate with decreasing average annual precipitation from 20-

30 cm/yr (8-12 in/yr) in the valley to 30-41 cm/yr (12-16 in/yr) in grassland and 41-76 
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cm/yr (16-30 in/yr) in woodland. Precipitation happens mainly in sparse events. The 

largest floods in the Upper-Gila Watershed history were in 1891, 1907, 1941, 1973, 1979, 

and 1984 (Wittler and Klawon 2010; USDA NRCS 2007).  

The San Simon River and its tributaries are made up of alluvial materials up to 

several thousand feet thick. A coarse, highly permeable aquifer of about 100 feet 

thickness is found under and along the river itself. Underlying this recent alluvium is a 

finer grained material with locally concentrated salt (evaporite) deposits. The substrate of 

soils in the watershed are composed mainly of four major rock types: igneous (45%), 

sedimentary (24%), metamorphic (2%), and alluvial surficial deposits (28%). Deep, 

coarse-to-moderately fine Aridisols, Vertisols, and Entisols dominate the lower 

elevations, followed by shallow, coarse Aridisols and Mollisols soil orders in the middle 

elevations, and shallow, gravelly, coarse-to-moderately-fine Entisols and Mollisols at the 

highest elevations (Chronic 1983; USDA NRCS 2007). Approximately 26% of the San 

Simon Watershed has a slope greater than 15%, while 62% of the watershed has a slope 

less than 5%. These factors have influenced the classification of the San Simon 

Watershed as an area of high erosion (Bahre 1991; USDA NRCS 2007). Other factors 

include the dynamic nature of the geomorphological regime, which has been going 

through a process of water concentration and incision, leading to the formation of 

channels and increasing eroding power (Cooke and Reeves 1976; W.B. Bull 1997). The 

San Simon has been cited as a major source of sediment to the Gila River and San Carlos 

Reservoir in the recent draft Total Daily Maximum Daily Load determination for the Gila 
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River produced by the Arizona Department of Environmental Quality (USDA NRCS 

2007). 

The sparsely-populated watershed contains four main cities: San Simon, Portal, 

Bowie and Apache. Most of the land use is rangeland livestock grazing. Some of the land 

is under cultivation, providing, among other things, cotton, corn and alfalfa. Currently, 

the majority of water demands come from crop agriculture, which used 198,153 acre-feet 

of water in 2000, while municipal and industrial demand is 19,073 acre-feet combined. 

However, the water demand for municipal and industrial use is expected to almost double 

by 2050 (Water Resources Conservation and Management Plan Committee 2006). 

2.2 Historic Landcover Data Options and Preprocessing 
One of the challenges in attempting to use imagery for the assessment of 

landscape trends is the limited availability of historical datasets.  Two relatively common 

options available in the southwestern U.S. are historic inventory assessments done for 

grazing capacity and the rangeland monitoring transect data available for many pastures 

throughout the region. 

2.2.1  1935 Grazing Service Inventory Maps 

Description 

In the southwestern U.S. a potential method for obtaining historic vegetation data 

are photographs and maps associated with a major forage inventory conducted in the 

1930’s by the U.S. Grazing Service (now the BLM) and the U.S. Forest Service.  The 

inventory maps are potential sources of historical vegetation that can be used for 

comparison with contemporary landcover classification for landcover change analysis. 
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The associated photography, known as the Fairchild photographic survey flight maps and 

aerial photographs (1935), if still available, are usually stored within the National 

Archive. 

While the forage inventory is an excellent source of information, its purpose was 

to estimate the livestock carrying capacity of an area, and therefore the classification 

criteria and mapping techniques were very different from those associated with 

contemporary land cover mapping. The Ocular Reconnaissance (OR) method, the earliest 

method of forage survey in the United States, was used to identify dominant vegetation 

and general landcover within polygons delineated based on soils. This classification 

system, developed for the U.S. Forest Service in 1908 by James T. Jardine, was the first 

of three types of range surveys (USDA NRCS 2007) for estimating carrying capacity and 

allotment boundaries (BLM 1963; Baier 2006; Smith 1984). McGinty (2009) defines an 

OR estimate as the range conservationist using his best judgment of carrying capacity 

based on observation of the amount of forage available, slope, or erosion evidence. The 

primary use of the OR method was for adjustments in stocking rates (BLM 1963). In 

many cases, aerial photographs were used to create planimetric base maps showing 

obvious transitions between soils and morphometric characteristics, a procedure called 

pretyping (Smith 1984). These plannimetric base maps were then used in the field to 

perform the field inventory surveys to add vegetation information using the OR method. 

The initial data generated by this method helped the Soil Conservation Service (now the 

NRCS) to implement the 1934 Taylor Grazing Act (Smith 2003); the approach was 

adopted by five major agencies in 1937 (Smith 1944). 
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The main assignation in these maps is known as the Range Type (also known as 

“Vegetation Type”), which is a relatively homogenous classification unit. There are 18 

standard Range Types (Table 1), based mainly on what they termed the general aspect 

(look) of the landscape. Criteria for the derivation of the Range Type include vegetation 

type, abundance of vegetation, species composition, slope, exposure, kind of soil, 

erosion, though not all the criteria always played an equally important role in the 

assignation of a range type (BLM 1963; McGinty, Baldwin, and Banner 2009). The 

spatial mapping units in Range Type maps derived from OR were typically not smaller 

than 160 acres (65 hectares). 

Table 1. Primary Aspect Attribute vegetation types as explained in the Ocular 
Reconnaissance Forage Survey Handbook  of the Bureau of Land Management. 

Type Description 

Grass 

Grassland other than meadow and secondary meadow, Perennial 
grasses predominate and determine the aspect, although forbs and 
shrubs may be present. Examples of types are: grama-buffalo 
grass, bunch grass, wheatgrass-sedge, alpine grassland, and blue 
stem. 

Meadow 

 Areas where sedges, rushes, and moisture-enduring grasses 
predominate. Two classes of meadows are recognized: wet 
meadows and dry meadows. 

Perennial 
Forbs 

Untimbered areas where perennial forbs predominate over the 
other classes of vegetation. There is very little true forb type, as a 
forb cover is usually more or less temporary in character and is 
soon replaced by a more permanent type if the disturbing factor is 
removed. 

Sagebrush 

Untimbered lands where sagebrush or shrubby species of similar 
character predominate.  The sagebrush lands are usually of 
different range values and different in season of grazing from the 
areas which are listed below under mountain shrub.  

Mountain 
shrub 

Untimbered lands where mountain shrubs, excepting sagebrush or 
its subtype, gives the main aspect to the type or is the predominant 
vegetation. Characteristically, it occupies the transition zone of 
the lower mountain mahogany, bitter brush, willows Ceanothus, 
Manzanita, California Chaparral, etc. 
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Conifer 

All range in coniferous timber supporting grasses, forbs, or 
shrubs, either singly or in combination, except as provided under 
types 7 and 9. 

Waste 

Areas of dense timber and brush which have no value for grazing 
economically, owing either to denseness of standing or down 
timber or within easy reach of a better type. Large areas of very 
sparse forage, unless within easy reach of a better type, shall be 
classified as a waste because of the impracticability of running 
stock over so large an area to get such small amount of feed. 

Barren 
Areas on which there is no natural vegetation, or practically none, 
shale, rock slides, lava flows, etc.  

Pinon- 
juniper 

Includes pinon, juniper, pinon-juniper, and digger pine. The 
character of the range in this type as regards location, grazing 
capacity, and management is sufficiently distinct from the conifer 
type to justify a separate color. The forage may vary from a pure 
stand of grasses, forbs, or shrubs to a combination of any two or 
all. This variation can best be shown by subtype designations. 

Broad leaf 
trees 

Includes all range in deciduous timber. The combination of 
grasses, forbs, and shrubs, and the proportion of individual 
species, will vary as in other types. 

Creosote 
bush 

Includes areas where creosote bush constitutes the predominate 
vegetation. 

Mesquite 
Areas where various species of mesquite give the characteristic 
aspect or constitute the predominant vegetation. 

Saltbush 
Various salt desert shrubs of the Atriplex genus form the 
predominant vegetation, or give the characteristic aspect. 

Greasewood 

Greasewood is predominant vegetation. Usually this type 
occupies valley floors subject to overflow during flood periods or 
areas underlain with ground-water at shallow depths where the 
soils are more or less saline. 

Winterfat Includes areas where winterfat is predominant vegetation. 

Desert 
shrub 

Is a general type that includes areas where other desert shrubs, 
aside from those separated into individual types, constitute the 
predominant vegetation or give characteristic aspect. This type 
includes several genera, which are quite distinctive, such as black 
brush, coffee berry, catclaw, gray molly, hopsage, and spiny 
horsebrush. 

Half shrub 

Half shrubs constitute the dominant vegetation or give the 
characteristic aspect. Half shrubs are semiwoody perennials of 
low stature. 

Annuals 
Annual forbs or annual grasses constitute the dominant vegetation 
or give the characteristic aspect. 
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The general Range Type in OR-based surveys are listed in combination with the 

dominant or important plant species located in the mapping unit. Mixed types are shown 

as A (B). The first plant symbol provided is usually the species responsible for the 

general appearance of the Range Type. The second symbol is, frequently that of the most 

important forage species. If the forage species is the dominant vegetation aspect species, 

the second most dominant plant species is also indicated. Species symbols are given as a 

three or four letter code, made up of the first two letters of the Genus and species names, 

of each species in order of respective dominance (Table 2). Other attributes (Table 3) and 

symbolic information (Figure 2) were included in the maps, (New Mexico State 

University Range Improvement Task Force 1981) including the Forage Acre Factor 

(FAF), species, area in acres, and forage acres. 

Table 2. Vegetation symbols key for San Simon 1935 vegetation maps made from 
Fairchild aerial photography. 
Key for Dominant Species 
Symbol Common name Scientific name 
So Sideoats grama Bouteloua curtipendula 
Cm Curly mesquite Hilaria belangeri 
Lok Shrub live oak(turbinella) Quercus turbinella 
Sw Snakeweek Gutierrezia sarothrae 
Op Opuntia (Prickly pear) Opuntia 
Tob Tobosa Hilaria mutica 
Cr Creosote Larrea tridentata 
Grs Grass   
Wds Weeds   
Brs Browse   
Mes Mesquite Hilaria 
Pv Paloverde Cercidium 
Cb Coffee berry Rhamnus californica 
Cc Catclaw acacia Acacia greggi 
Sqb Squaw bush sumac (Skunk bush sumac) Rhus trilobata 
Jg Junegrass Koeleria macrantha 
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Mm Mountain mahogany Cercocarpus betuloides 
Bg Blue grama Bouteloua gracilis 
Chug Rabbitbrush Chrysothamnus 
Hb Hollyleaf buckthorn Rhamnus 
Atr Atriplex (saltbush) Atriplex 
Pr Unknown   
Bc Unknown   
Ps Paper flower?   
Big Black grama Bouteloua eriopoda 
Z Zenthium?   

 
Table 3. The following types of information were added to the attribute table of the 
vector polygon shapefiles of the 1935 Grazing survey. 
Vegetation Survey Attributes 
Attribute Description 

Object ID* Number automatically assigned to each polygon in a vector 
shapefile by ArcMap 

Sheet Number Corresponds to the sheet number found on the lower right 
hand side of each Grazing inventory map. 

ID* 
Number assigned to each polygon by digitizer for easier 
polygon identification because Object ID does not always 
include all the numbers in order. 

Type 
Type writeup numbers are identification numbers given by 
surveyors- consist of the initial of the examiner’s surname 
and number.[1] 

Decimal The net Forage acre factor (FAF) is the percentage of the 
ground covered by completely usable forage[2]. 

Primary Aspect 
(Pri_Asp) 

A range type is the relatively homogeneous classification 
unit consisting of a vegetative type as determined by 
general aspect.[3] The criteria include for the 18 standard 
aspect vegetative types are: Abundance of vegetation, 
species composition, slope, exposure, kind of soil, and 
erosion. 

Species 

The three most dominant species from most to least 
dominant. The first plant symbol given is usually that of 
the species responsible for the aspect or general appearance 
of the type[4].  

Numerator 
(Area_acres) Area in acres as calculated by BLM surveyors. 
Denominator 
(Forage_acr) 

Forage acres calculated by multiplying the forage acre 
factor by the area of the polygon (numerator). 
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Acres* Area in acres covered by each polygon as calculated by 
ArcMap. 

Other Any other information in a polygon that is not one of the 
previous attributes. 

Shape_Le_1* The length of each shape is calculated by ArcMap. 

Shape_Area* Area in acres covered by each polygon as calculated by 
ArcMap. 

*Information added by user with ArcMap for identification purposes and thesis analysis 
 

 
Figure 2. Symbology in maps is found in the Guide to New Mexico Range Analysis 
(New Mexico State University Range Improvement Task Force 1981). 
 
Acquisition and Data Preparation 
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For this study, pre-processing began with the digitizing of twelve 1935 Grazing 

Service inventory paper maps pertaining to the San Simon Watershed in Arizona (Figure 

3).  These were scanned as high resolution tagged image file format (TIFF) files, 

georeferenced using USGS digital line graphs (DLG), and digitized using heads-up 

digitizing in ArcMap v. 9.3 (ESRI, Redlands, California, USA). 
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Figure 3. Original BLM Range Survey maps from aerial photography were digitized 
and georeferenced. 
 
Georeferencing 

The first step in georeferencing the Grazing Service inventory maps was to assess 

the precision of the available reference layers by georeferencing two of the maps to both 

the USGS digital raster graph (DRG) and the digital line graph (DLG) data provided by 
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the BLM. The georeferencing accuracy results using both reference layers were 

compared, then all 12 maps were georeferenced to the reference file that provided the 

best accuracy. 

The 1935 inventory maps provided by ARS were scanned into TIFF files with a 

resolution of 4m by 4m (on the ground) per pixel. The USGS DRG rasters were obtained 

from UA Arizona Remote Sensing Center (ARSC) repository.  The 61 USGS DRG raster 

files were stitched into a single raster file in ERDAS Imagine v. 9.3 software (Intergraph 

Corporation, Huntsville, Alabama, USA).  The DLG shapefiles were downloaded by 

county (Cochise (AZ), Graham (AZ), Greenlee (AZ), Hidalgo (NM)) from the BLM 

Geocommunicator website (Department of Interior- Bureau of Land Management 2012). 

The BLM DLG, with a geographic coordinate system GSC North American 1983, was 

laid over the USGS DRG (unknown original projection, re-defined to NAD 1983 UTM 

Zone 12N). Although the two layers were similar to each other, the DLG layer offered 

the ability to define the township, range, and section (TRS) lines more precisely than the 

DRG raster lines, given that it is a line shapefile instead of a raster layer with wider pixel-

width lines.  

Two sample map sheets (out of a total of twelve) were georeferenced to both the 

DRG and the DLG data layers to examine the differences in numerical and visual 

accuracy. Two additional sheets were georeferenced to the DLG layer to confirm 

accuracy. Within ArcMap, the addition and deletion of georeferencing points was an 

iterative process leading to the identification of the best possible combination of 10-20 

points with the lowest RMS error possible and acceptable spatial distribution for each 
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image. For the four sample maps (out of the total of twelve), 11 to 16 points have been 

used with a 2nd degree polynomial to achieve the final results.  

The second part of the process for each map was to revise the precision with 

which the maps were mapped to the reference layer by assessing the overlap of TRS lines 

of both the reference layer and the associated georeferenced 1935 survey map. Each map 

was divided into nine sections (Figure 4) to provide a methodological manner of 

examining the map. The sections were identified by their general location on the map 

(NW, N, NE, W, Center, E, SW, W, SE). For each section, the largest longitudinal and 

latitudinal disparity of TRS lines that mismatched between the 1935 map and the 

reference map were recorded.  

 
Figure 4. Each map was split and labeled into 9 different regions to test the accuracy 
of the reference files. 
 
Digitizing 

A blank shapefile was created in ArcCatalog v. 9.3 (ESRI, Redlands, California, 

USA), for each of the twelve 1935 Grazing Service Inventory maps derived from the 

1935 Fairchild flight maps that cover the San Simon Watershed. Each Range Type 

polygon in the raster map was traced onto the new vector polygon layer. The various non-

geographic fields (attributes) associated with each Range Type polygon on the rasters 
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were added to the vector polygon layers in attribute tables (Figure 5) that link non-

geographic attributes to the geographic features within the shapefile. The ‘Primary 

Aspect’ and ‘Species’ attributes needed additional keys to understand their symbols 

(Tables 2 and 3). Both keys were obtained from the Safford, AZ BLM field office and 

were added to the metadata of the vegetation polygon shapefiles. The ‘Object ID’ is a 

number automatically assigned to each polygon in ArcMap when digitizing. A ‘Sheet 

Number’ was assigned to identify which of the twelve inventory maps that make up the 

study area was referenced (using  a unique polygon ‘ID’). The following attributes, each 

stored in a separate vertical column within an attribute table, are information included in 

the raster maps: ‘Type’, ‘Primary Aspect’, ‘Species’, ‘Area in acres’, ‘Forage acres’. 

Table 4 is an example of an attribute table that includes all of the attributes mentioned 

above. It was found that some polygons had extra information that did not pertain to any 

of the specified attributes; for this, an attribute column was designated and called ‘Other’.  
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Figure 5. This is an example of the accuracy of the reference files through visual 
overly, using the space between the township, range, and section lines.  In this 
example, the 1935 map (black lines) and DRG lines (in pink) may not lineup 
properly. Lower left hand corner lines are separated by 7.06 meters. 
 
Table 4. A sample of an attribute table for the Range Type polygons displaying 
some sample entries. Each column is an attribute that is either part of the original 
Grazing surveys or is generated by ArcMap. 
Id Type Pri_Asp Species Decimal Numerator Denom Acres 
1 S-299 5 Cr. Tob. Tri. 0.030 582.4 17.47 571.7 
2 H-744 5 Sw. Cr. Op. 0.004 998.4 3.99 999.9 
5 S-286 5 Cr. Sw. Brs. 0.001 1334.0 1.34 1370.0 

6 S-285 5 
Aplo. Cac. 
Spv. 0.004 614.4 2.46 568.7 

8 S-287 5 Cr. 0.005 57.6 0.29 48.0 
9 H-745 5 Mes. Cc. Sw. 0.020 364.8 7.30 359.4 

10 H-752 5 Tob. Cr. Tri. 0.080 473.6 42.62 466.6 
11 H-746 5 (1) Tob. Cr. Sw. 0.060 409.6 24.58 399.8 
13 H-747 5 Tob. Cr. Sw. 0.030 281.8 8.45 270.5 
14 H-751 5 Tob. Sw. Cr. 0.070 128.0 8.96 116.5 
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Each shapefile was imported into a geodatabase, a database and file structure used 

to store, query, and manipulate spatial data. This process allowed me to use the ArcMap 

topology tool to correct any errors in digitizing. With the topology tool, polygon overlaps 

and gaps between polygons were corrected to create clean maps.  

The 1935 Grazing survey maps for the San Simon had six different vegetation 

classes of Primary Aspect. These ‘Primary Aspect’ categories were numbered 1 (Grass), 

2 (Meadow), 3 (Perennial Forbs), 4 (Sagebrush), 5 (Mountain shrub) and 9 

(Pinion/juniper forest), and were grouped based on the more general types of Shrub (1), 

Grass (2), Forest (4), and Forb (5). Some of the polygons within the 1935 Grazing survey 

maps did not have vegetation type information. These were treated as “Other” (3). These 

reclassifications were manually added within a new attribute field named “Veg-reclas” in 

ArcMap. 

3.2.2 BLM Transect Monitoring Data 

Repeated historical ground measurements offer a second option for historic 

vegetation records that could inform landcover classification and change detection. These 

records are not comprehensive or consistent, however they do constitute the most 

commonly available historic rangeland monitoring information. Moreover, they often 

include cover dominance information that is potentially comparable to the 1935 Grazing 

surveys. One of the earliest rangeland monitoring and measurement approaches for which 

historic records may still be available is the Parker 3-Step Method, first used by the U.S. 

Forest Service in 1948 (Ruyle and Dyess 2010; Parker 1950). It is a rangeland monitoring 

scoring method to describe the condition of the range.  Although these methods have 
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several weaknesses, such as difficulties in tracing the exact location of the original 

transects (Ruyle and Dyess 2010), it is still useful in assessing vegetative trends because 

it was employed over a 60 year period (SRM 1995; Pellant 2005; Ruyle and Dyess 2010). 

As noted by its name, the Parker 3-Step method is composed of three parts 

(Parker 1951). Step one is to establish, mark, and collect basic field data along permanent 

transects. Measurements include nearest perennial plants, plant vigor and age, class of 

shrubs and estimates of erosion, plant cover and species composition. Plant desirability is 

recorded for grazing forage and ecological characteristics of the landscape. Step 2 

summarizes the collected data to determine the condition of vegetation and soil stability. 

Forage density and composition are also calculated. Step 3 is the collection of 

photographs for qualitative comparison over time (Parker 1951). 

The Parker 3-step data from these transects can support a landcover change 

analysis, providing actual ground vegetation measurements that actually go back farther 

in time than the satellite data record. The Parker 3-step data is the oldest adopted method 

for monitoring vegetation in the Southwest, providing the opportunity to study the 

percent cover change from the 1950’s to the present. If used in combination with the 

1930’s Grazing survey and the Landsat 5 Thematic Mapper (TM) Classification and 

Regression Tree (CART) Classification, it would be theoretically possible to assess 

vegetation change across a minimum of three temporal points of reference: 1935, 1950’s, 

2010. 

Parker 3-Step data collected on BLM land are archived in BLM field offices 

throughout the southwestern U.S. I searched the Safford BLM office archives for the 
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transects with that data with the help of Graham County Cooperative Extension, and 

created what I called the BLM Monitoring Inventory Table with the results (Appendix A) 

demonstrating the transect data available for each BLM allotment within the northern 

portion of the San Simon Watershed to assess the availability of the Parker 3-step method 

data for vegetation change analysis.  

BLM Monitoring Data Availability 

Most of the historical monitoring data for each grazing allotment in the San 

Simon Watershed is no longer in the Safford BLM field office archived files. Only data 

from 2003 to the present was found for all allotments (Table 9). Most of the monitoring 

data found in the San Simon Watershed allotment files were of Pace Frequency and Dry 

Weight Range (DWR), methods that replaced the Parker 3-Step, but even the availability 

of these is sporadic. All of the transects designated as potential control and sample 

transects have frequency data from 2003 onward, and only 16% of the 55 transects were 

found in areas of vegetation change in the 1935 Grazing Service survey and the two 

classifications. Most of the restoration-related transects have frequency data from the 

1980’s to 1990’s. However none of these had repeat monitoring records nor any more 

recent data. None of the transects recorded contain records of monitoring data before the 

1980’s. A few of the files had summaries of frequency data from 1978, but these were 

very few and did not include the raw data.  
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Repeated Frequency Data 

Only a few transects had repeated monitoring (Appendix A). Four of those 

transects are in areas that are actively managed, and it would be difficult to find controls 

for them. Van Gaussig Site 13, which has the most temporally-spread monitoring data, is 

found in the highlands (about 1300 m elev.) on the western part of the watershed, and 

thus did not cover the main channel (1000 m elev.). This grazing allotment has smaller 

scattered erosion-control structures, as well as active vegetation actions, including areas 

with burning, chaining, grass reseeding, and exclosures. Although data availability-wise 

this transect is more applicable for my studies, it is not found as a suitable study site.  

Therefore, due to inconsistencies in the data sets as well as the temporal and 

spatial coverage in the San Simon Watershed, this product was deemed not suitable for 

change detection and was not pursued as an independent data source of creating the 

historical vegetation assessment in this analysis.  

2.3 Contemporary Landcover Data Options and Preprocessing 
 

In addition to documenting past vegetation, landcover change analysis requires a 

representation of current vegetation. This can be addressed by using a current, widely 

accepted vegetation survey, or by developing a landcover map from other sources. In this 

research, I assessed both approaches, beginning with an existing vegetation survey. 

2.3.1 2001 Southwest ReGAP Vegetation Survey 

One of the most commonly used comprehensive and recent vegetation surveys is 

known as the Southwest Regional Gap Analysis Project (SWReGAP), a project funded 
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by the United States Geological Survey Biological Resources Division from 1999 to 2005 

(USGS BRD 2012). 

Description 

 The SwReGAP, which covers Arizona, Colorado, New Mexico, Nevada, and 

Utah, is based on a classification of Landsat 5 Thematic Mapper (TM) satellite imagery 

raster datasets.  It employs 125 land cover classes, 109 of which are ecological systems 

developed by NatureServe (NatureServe 2010). These were selected as the basis for the 

SwReGAP classification because they have a mid-scale classification unit that represents 

the recurring groups of biological communities that are found in similar physical 

environments and influenced by the similar dynamic ecological processes, such as fire 

and flooding.  

The SwReGAP projects in each participating state used a Classification and 

Regression Trees (CART) model approach to developing decision tree classifiers in order 

to create a predictive model that maps observations of a target of interest using several 

input variables to draw conclusions about that target (Breiman et al. 1984). Multi-

seasonal images were used from 1999 to 2001 based on peak phenological differences of 

species and regions, clarity, and cloud cover. Classification issues stemmed from dealing 

with the wide spectral and environmental variability (Prior-McGee et al. 2007), logistic 

issues for validation, and confusion mainly between scrub/shrub classes, 

grassland/herbaceous class, and desert scrub classes. The map confusion among these 

classes was attributed to the fact that they are ecologically very similar, sparsely 

vegetated, or both (Lowry et al. 2007). Areas difficult to reach for sampling (reference 
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points) or accuracy assessment (e.g., large wilderness areas) were obtained for the 

SwReGAP through visual interpretation of supporting sources, including aerial 

photography, digital ortho-photoquads, or other remotely-sense imagery. Samples 

obtained from these sources were given only a label identifying the land cover class. 

Given this lack of ground validation during the CART model process to create the 

classification, this classification dataset was not assumed to be very accurate for the 

extent of the San Simon Watershed.  

Acquisition and Processing 

The SwReGAP dataset was downloaded from the GAP Project website (USGS 

BRD 2012). The dataset’s native geographic coordinate systems is: NAD 83 UTM Zone 

12N, Geodetic Reference System 80, and is projected to Albers conical equal area. The 

dataset was reprojected to NAD 83 UTM Zone 12N and a subset was clipped to the 

extent of the 1935 Grazing survey maps with ERDAS Imagine. A 9 by 9 neighborhood 

filter was employed to remove small polygons and create a more homogenous image with 

decreased amounts of noise. The 125 vegetation types in the SwReGAP were grouped 

and reclassified into a what I called a SwReGAP Reclassification using the same 

classifications as the Grazing survey Maps: Shrub (1), Grass (2), Forest (4), and Forb (5), 

Other (3), based on the description of the classes (APPENDIX B). 

2.3.2 2010 Landsat 5 TM Satellite Imagery and NAIP Aerial Orthophotography 

 A second candidate approach to providing a current vegetation classification for a 

historic vegetation change analysis is to derive landcover form satellite imagery in a way 

that is comparable to how the historic dataset was produced. For this study, the emphasis 
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in landcover classification is on distinguishing shrubs from grass (to better correspond the 

objectives of the 1935 Grazing inventory maps) using a combination of current Landsat 5 

TM multi-spectral satellite imagery and the most current, high spatial resolution multi-

spectral aerial photography. 

Description 

Landsat TM observes the Earth's surface at a swath that is 185 km (115 mi) wide 

every 16 days, simultaneously recording reflected or emitted radiation in the blue-green 

(band 1), green (band 2), red (band 3), near-infrared (NIR) (band 4), mid-infrared (bands 

5 and 7), and the far-infrared (band 6) portions of the electromagnetic spectrum. Each 

TM pixel represents a 30 m x 30 m ground area, except in the case of the far-infrared 

band 7, which uses a larger 120 m x 120 m pixel.  

Landcover classification and change detection is possible using 30 m Landsat TM 

with much higher spatial resolution aerial photography, which, when combined with 

ground observations, can be used for the selection of candidate sites to “train” a 

classification algorithm on the coarser imagery and candidate sites to assess the accuracy 

of the resultant classification. The USDA’s National Agriculture Imagery Program 

(NAIP) acquires digital ortho-imagery during the agricultural growing seasons in the 

continental U.S. on a three year cycle; these were obtained from The USDA Website 

Geospatial Data Gateway (USDA 2012). The imagery is available in 3.75 x 3.75 minute 

digital ortho quarter quad tiles (DOQQs) (based on the USGS quadrangle naming 

convention) projected to the NAD 83 UTM Zone 12N coordinate system.  The imagery 

comes in TIFF file format composed of 32-bit pixels, with multi-spectral 4-band 
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(RGBIR) brightness hexadecimal values ranging from 0 – 255 (USDA-FSA-APFO 

Aerial Photography Field Office 2010). 

A number of studies have pursued integrating high-resolution NAIP imagery to 

enhance the capacity of the classification of the coarser Landsat TM imagery to 

distinguish key features of interest (such as shrubs vs. grass), (Rokhmatuloh, Al-Bilbisi, 

and Tateishi 2005; Hansen et al. 2002; Huang, Yang, and Homer 2001).  

Acquisition 

Image acquisition timing is important for optimal classification accuracy. The 

objective was to obtain the greatest contrast between grass and shrubs. Grass in 

southeastern Arizona is dry in both autumn and late spring, periods outside peak green-up 

periods for desert grassland, which occur in July and the end of September (McClaran 

2010). The most recent NAIP data available for Cochise County (part of the San Simon 

Watershed is in this county) were from an acquisition period that ran June 4-6 and 

August 14-15, 2010. Landsat 5 TM satellite images are acquired are available for 

download from the Glovis repository (USGS 2012).  The cloud-free TM Path/Row 35/36 

image closest to the timing of the NAIP imagery was May 11, 2010.  

Preprocessing 

The May 11, 2012 Landsat 5 TM image was preprocessed in ERDAS Imagine, 

where bands 1,2,3,4,5,7 were stacked in that order in a six-layer image, and then 

atmospherically corrected using revised COST model (Chavez 1996). Meanwhile, the 73 

NAIP TIFF tiles that made up the area of study were stitched in ERDAS Imagine, 

transformed into the software’s native file format (.img), and stacked.  
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To separate shrubs from grass into new images, I explored a variety of options, 

including the potential of individual reflectance bands. In addition, a Normalized 

Deviation Vegetation Index (NDVI) was also derived from the NAIP Images using bands 

4 (Near Infrared)  and 1 (red). NDVI is an index that provides a standardized method of 

comparing vegetation greenness between satellite images, where NDVI = (NIR - red) / 

(NIR + red) (Tucker 1979). 

 Shrub Binary Images (1m) Derived from the High Resolution NAIP Imagery 

The objective of this step was to create a high resolution NAIP shrub 

classification that could ultimately be used to help distinguish shrub from grass in the 

coarser Landsat TM image. Specifically, this would be accomplished by extracting the 

reflectance values and/or indexes derived from these reflectance values to generate a new 

criteria that could be used in creating training sites to accurately inform a CART model 

algorithm that would be used to classify the Landsat 5 TM image (Foody 2002; 

Congalton and Green 1999).  

Candidate binary shrub/non-shrub images (using the NAIP blue and red bands as 

well as NDVI) needed to be created to serve as an input to identify candidate training 

sites for the CART model classification of Landsat 5 TM imagery. Using the ArcMap 

Symbology tool it was possible to manipulate the display of the NAIP image to determine 

the range of values that best represented shrubs on the image. It turned out that pixels 

with values of 0.15 to 0.40 best represented shrubs. All such pixels were assigned a value 

of 1; all non-shrub pixels (with values outside this range) were assigned a value of 0.  



45 
 

 

Next, it was necessary to determine which shrub binary image was most accurate 

between the red, blue and NDVI. 100 randomly generated points were used to compare 

each of these options to the NAIP false-color composite, the reference based upon visual 

assessment. The comparison revealed that the red band had the highest accuracy in 

distinguishing between shrub and and non-shrub. Because I expected the NAIP NDVI to 

best highlight individual shrubs, I conducted a visual inspection of all tiles. Some tiles did 

not properly display the edges of shrubs, creating, instead, fuzzy transitions between 

shrubs and grass or bare ground. Evaluation of the blue band revealed value range 

disparities among neighboring tiles in the western portion of the overall study area. This 

reinforced my decision to work with the NAIP red band for creating the binary shrub 

image. 

Percent Shrub Cover Image (30m) Derived from NAIP Imagery 

To prepare the NAIP shrub classification for modeling, the 1m cells in the red 

band binary shrub image were aggregated to a 900 m2. area (900 1m pixels in a 30m x 

30m cell on the NAIP image is equivalent to a Landsat 30m pixel). Next, I calculated the 

percent shrub within the 30 m cell by dividing the number of shrub pixels by the total 

number of pixels (900) in each cell. This resulted in a 30 m percent shrub cover image 

derived from NAIP.  

Selecting a Shrub Threshold 

Using the NAIP-derived 30 m percent shrub cover image, an iterative process was 

pursued to determine what percent shrub threshold (and above) would produce an 

accurate classification of shrubland in the Landsat 5 TM CART classification. A number 
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of different threshold levels above which the cell would be considered shrub-dominated 

(e.g., 10%, 15%, 20%, 30%) were attempted. Each candidate threshold was input into the 

CART classification models tested in later steps. Through this iterative process it was 

determined that the 20% and above threshold produced the highest accuracy in 

subsequent Landsat 5 TM CART classification trials. 

Field Verification 

In order to classify the Landsat 5 TM images with the aid of the high resolution 

NAIP imagery, it was necessary to verify candidate training sites on the ground. Six sites 

were selected for a field campaign that was conducted in October, 2011. These were 

selected based on the SwReGAP Reclassification datasets: I chose areas representative of 

shrublands, grassland, and bare ground (Figure 6). Pace frequency data was collected 

along two 50 m transects at each site in order to estimate the percent cover of grass and 

shrub. Panoramic photos were also taken to assist in the verification process. The transect 

points were mapped and laid over the NAIP false-color composite images. 
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Figure 6. Example of one of the ground observation sites visited for calibration of 
aerial photography classification for inputs for the Landsat 5 TM CART 
classification training. The Pace Frequency method was used along two transects 
per site to find the percent cover of grass and shrub. Panoramic photos were also 
taken at each site. Transect points were mapped and laid over the NAIP images. 
 
CART Classification of the 2010 Landsat 5 TM  
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Several iterative processes were performed to develop a series of candidate 

classifications of the 2010 Landsat 5 image. The first classifications of the Landsat 5 TM 

were done by examining the NAIP images in conjunction with the information obtained 

from the training sites visited (Chavez 1996). Similar to the approach taken in the 

SwReGAP, a regression tree approach based on a CART classification model was 

employed for classification (Chavez 1996). A CART classification model is a supervised 

classification method that allows the input of multiple layers to help it use regression 

trees to classify the entire image, as well as geographic class reference points. The CART 

model uses regression trees to classify the images based on the given data of training sites 

obtained from the NAIP imagery and Landsat TM false-color composite image. The 

given training data was input in the form of geographic polygons of reference classes that 

the model used as samples for classifying the rest of the Landsat 5 TM image, something 

that was accomplished using ERDAS Imagine and See5 (RuleQuest Research Pty. Ltd., 

St. Ives, Australia), a program that extracts informative patterns from data (Tso and 

Mather 2009). In different iterations of the process, ERDAS Imagine took a set of given 

input layers and created files used by See5 software, which used the given information to 

create regression trees. ERDAS Imagine used these trees and applied them to the given 

geographic input layers, which included variations of the original Landsat 5 TM layer 

stack, the Landsat NDVI image, digital elevation models (DEM) (raster datasets with 

elevation values) and a Soil Survey Geographic (SSURGO) database soils shapefile 

(NRCS 2011). Ten classes were created for training the CART model: (Shrub high (1), 

Grass high (2), Bare (3), Forest (4), Riparian- (including agricultural fields) (5), Water 
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(6), Dark rock (7), Shrub low (8), Shadows (9), Grass low (10). The classes from the 

output classification map were merged to form six more generalized classes: Shrub, 

Grass, Bare, Forest, Riparian, Dark Objects. 

Fifteen iterations of the classification were conducted using different training 

criteria to provide the most accurate current landcover classification, of which the most 

effective are listed in Table 5. The initial classification iterations involved classifying the 

Landsat image by training based solely on visual interpretation of the landscape on NAIP 

images, NAIP false-color composite, NAIP NDVI values, Landsat false-color composite 

and Landsat NDVI values. I then sought to improve this method by adding the iterations 

in which I used the NAIP percent shrub image information as the main criteria for 

training sites. The final iterations attempted to use the relationship between the shrub 

percent cover derived from the NAIP images and the Landsat TM NDVI values to 

improve the classifications. After studying the relationship of the two variables, it became 

apparent that at least part of the range of NDVI values failed to fully distinguish grass 

and shrub.  Once that specific range was identified, a new CART classification was 

conducted to create a mixed class of shrub and grass to improve the classification and 

decrease the confusion between shrub-dominated landscape and grass-dominated 

landscapes (model run CART 15). 

Accuracy assessments were performed for each of the classifications with 600 

stratified random sampling points (100 pts per class) (Foody 2002; J. B. Campbell 1996; 

Canters 1997). ERDAS Imagine created 100 random points within each of the six classes. 

For each point, I made the reference class by looking at the Landsat NDVI value of each 
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pixel, the NAIP-derived 30m percent shrub cover image and the NAIP false-color 

composite image. The 30m percent shrub cover value helped to evaluate whether the 

classification should be a shrubland. This was followed by a visual evaluation of the 

NAIP false-color composite. I looked at the amount and distribution of shrubs, as well the 

proportionate amount of grass-cover and bare earth. I had calibrated myself for visual 

assessment with the field verification in October (Figure 6). After manually finding the 

reference classifications for each point, ERDAS Imagine’s accuracy assessment tool 

helped me to create a change matrix for each classification. I focused on the producer’s 

accuracy for bare, shrub, and grass classes to find which ones were being confused with 

other classes. The producer’s accuracy for these three classes helped identify the potential 

problems with training sites for each classification. Subsequent classification iterations 

were done to improve the producer accuracies for the three classes.  

Table 5.The most promising of the 15 iterations of the CART model with different 
layer stacks and training datasets are summarized here. 

Classification Layers for Classification Training information 

CART 8 

Landsat 5 TM layer stack: 
Bands 1,2,3,4,5,7 and 

NDVI 

Visual interpretation of NAIP 
images based on ground-
measurements in October 2011 

CART 9 

Landsat 5 TM layer stack: 
Bands 1,2,3,4,5,7 and 

NDVI 

% Shrub cover from NAIP 
Shrub band 1 thresholds 

CART 13 

Landsat 5 TM layer stack: 
Bands 1,2,3,4,5,7 and 

NDVI 

% Shrub cover from NAIP 
Shrub band 1 thresholds, 
omitted NDVI values between 
1853 and 2008, which confuse 
Shrubs and Grass 

CART 15 

Landsat 5 TM layer stack: 
Bands 1,2,3,4,5,7 and 

NDVI 

% Shrub cover from NAIP 
Shrub band 1 thresholds. NDVI 
values between 1853 and 2008 
were used to classify a new 
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class: Mixed Shrub and Grass. 

 
 

2.4 Change Analysis Methods 
2.4.1 Change Analysis comparing 1935 Grazing Service Inventory Survey and 

2001 SwReGAP Reclassification 

 
The ultimate goal of conducting change detection between the 1935 Grazing 

Service Inventory Survey and the 2001 SwReGAP Reclassification was to investigate the 

possibility of using the 1935 Grazing inventories and contemporary remotely-sensed 

datasets in a more in-depth assessment of vegetation change. This change analysis was 

also designed to evaluate the methods of classification for the 1935 Grazing inventory 

maps and the 2001 SwReGAP vegetation classification maps and how these different 

methods affect the classification accuracy of both datasets. 

A vegetation change pre-analysis was performed to find areas of significant 

change within the northern portion of the San Simon Watershed. At the same time, this 

was a test for the application of 1935 Grazing inventory maps and 2001 SwReGAP 

Reclassification raster dataset for initial assessment of vegetation change analysis. Within 

this initial assessment, I needed to find areas where the nature of the change appeared 

problematic, perhaps  due to mapping standards and techniques, in order to evaluate the 

utility of the Grazing inventory maps for accurately detecting vegetation change.  

The inputs for the change analysis were the reclassified 1935 Grazing inventory 

maps and the 2001 SwReGAP reclassification. The analysis was conducted using the 

Change Matrix tool (Interpreter>GIS Analysis>Matrix) in ERDAS Imagine. This 
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generated a change image file that showed the change in classifications from the 

generalized 1935 classification and the generalized classification for 2001. This image 

had 17 classes. I ignored the “other” class (class “0”). 

Detailed Analysis of Focus Areas 

Six areas of interest were chosen to examine the landcover composition of the 

1935 Grazing survey map and the 2001 SwReGAP classification maps. I looked at 

specific sites that showed interesting results in terms of the type and amount of change 

they displayed. This was a qualitative look at the components of the classification maps 

to understand how the classifications affected the results in the vegetation change map. 

For each area, I looked at the 1935 Grazing survey classification map, the 2001 

SwReGAP map, the SwReGAP Reclassification map, and a clip of the Google Earth 

image with 2011 satellite imagery together (Figure 7). I wanted an understanding of the 

topological or classification causes behind the apparent changes in vegetation. 
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Figure 7. For each focus area, I put the Change Analysis, Google Earth 2011 Image, 
1935 Grazing survey maps and 2001 SwReGAP Classification image together to 
point out areas of interest. 
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I took a closer look at the classes of two attributes of the 1935 Survey maps, 

'Primary Aspect' and 'Dominant Species Class' to ensure that both classifications gave the 

same dominant vegetation type (Table 6). I looked only at the polygons whose species 

symbols I was sure about. This helped me to understand some of the errors that could 

potentially have led to errors in the change analysis. 

Table 6. Reclassification of “Dominant Species” in 1935 Grazing inventories using 
“Primary Aspect” key. The ‘Dominant Species’ field was reclassified to either shrub 
(1) or Grass (2). 

Key for Dominant Species 

Symbol Common name Scientific name 
 

Vegetation 
Reclass Type 

Atr Atriplex (saltbush) Atriplex sp. 1 
Brs Browse multiple, unspecified 1 
Cb Coffee berry Rhamnus californica 1 
Cc Catclaw acacia Acacia greggi 1 
Cm Curly mesquite Hilaria belangeri 1 
Cr Creosote Larrea tridentata 1 
Mes Mesquite Hilaria sp. 1 
Bg Blue grama Bouteloua gracilis 2 
Big Black grama Bouteloua eriopoda 2 
Grs Grass multiple, unspecified 2 
Lok Shrub live oak (turbinella) Quercus turbinella 2 
Op Opuntia (Prickly pear) Opuntia sp. 2 
So Sideoats grama Bouteloua curtipendula 2 
Sw Snakeweek Gutierrezia sarothrae 2 
Tob Tobosa Hilaria mutica 2 
Wds Weeds multiple, unspecified 2 
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2.4.2 Change Analysis comparing 1935 Grazing Service Inventory Survey and 

2010 Landsat 5 TM Classification 

 
The Landsat 5 TM classification with the best accuracy assessment was chosen to 

perform a change analysis using the Change Matrix tool in ERDAS Imagine, which 

outputs the number of pixels that go from one class to another from one image to the 

next. The percent and the geographic location of the changes of pixels that went from 

shrub to grass was analyzed. 

2.4.3 Evaluation of Change comparing 2001 SwReGAP Reclassification and 2010 

Landsat 5 TM Classification 

Accuracy Analysis of Change Matrix Pixels 

For both historic to contemporary change analyses, an accuracy assessment of the 

pixels that fell in two classes after the change matrix was performed: those that were in 

the class that were ‘Shrub to Grass’ and those that were ‘Grass to Shrub’. In both cases, I 

looked at the accuracy of the contemporary image classification to find out how the 

percent shrub training data was affecting that classification. To do this, 200 randomly 

selected  points on a false-cover composite of the NAIP image (green, red, NIR) were 

assessed visually. The 1 m spatial resolution was high enough to identify shrubs via 

visual inspection. These points and the neighboring pixels within the 30m cells were 

considered together and scored accordingly (shrub-dominated/non-shrub-dominated). 

This resulted in the reference for an accuracy assessment of the two contemporary 

classifications (SWReGAP and Landsat TM). 
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Comparing Each Historic to Contemporary Datasets 

To understand the difference in the vegetation change results, a comparison of the 

two contemporary datasets was performed using the same change matrix tool used for the 

vegetation change analysis. The focus was on the percentage of pixels that were the same 

in both classifications and those that made up the most significant changes in 

classification. This method helped to understand the different results of the classifications 

and which classification was more suitable for landcover change detection. 
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3 RESULTS 

3.1 Historic Landcover Classification 
3.1.1 1935 Grazing Inventory Classification 

Georeferencing Accuracy 

I found that, although both the DRG and DLG reference layers gave an RMS 

error value below 10 pixels, the DLG vector file consistently gave a lower RMS error 

value than the DRG reference layer, as well as lower mean number of physical 

overlapping disparities. When using the DLG layer as a reference, it was possible to 

achieve an RMS error lower than 10 pixels (<40m). 

Summary of Original “Range Type” Classification Results 

The 1935 Grazing inventory contained a total of 2,629 Range Type polygons 

within 12 shapefiles, covering an area of 6091.7 sq. km  within the San Simon Watershed 

and nearby surrounding areas (Table 7). The smallest polygon area was 0.01 sq. km, the 

largest was 83.2 sq. km, and the mean polygon area was 2.4 sq. km. As much as 68.9% of 

the land area was classified as Mountain shrub (Type 5 Primary Aspect) while 27.5% was 

classified as Grassland (Type 1 Primary Aspect). A total of 156 polygons (2% of the 

area) did not have plant species data. Less than 1% of the area was cultivated.  
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Table 7. Classification results for the digitized vegetation polygons for the 1935 
Grazing Service Surveys show that most of the land has been dominated by shrub 
since 1935. 

Primary Aspect Type Km2 mi2 % Land 
1 1,673 646 27.5% 
2 3 1 0.0% 
3 5 2 0.1% 
4 3 1 0.0% 
5 4,193 1,619 68.9% 
9 44 17 0.7% 

Cultivated 44 17 0.7% 
No Veg Data 124 48 2.0% 
Total Land 6,092 2,352 100.0% 

 
 

3.2 Contemporary Landcover Classification 
3.2.1 2001 Southwest ReGAP Reclassification 

The reclassification of the SwReGAP dataset resulted in a map with more detail 

than the 1935 Grazing inventory surveys, but with spatial patterns that generally 

corresponded to the classification of the 1935 Grazing surveys (Figure 8).  
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Figure 8. Comparison of the 1935 Grazing inventory Classification with the 
SwReGAP Reclassification. 
 

The results demonstrate that in both the historic and contemporary classificaitons, 

the highest proportion of the landscape is Shrub (78.5%), followed by Grass, Other, and 

Forest (Table 8). 

Table 8. Percent composition of five classes of vegetation 

Class 

1935 Grazing 
Inventory Survey 

-%- 

2001 SwReGAP 
Reclassification 

-%- 
1 - Shrub 72.1 78.5 
2 - Grass 24.1 15.0 
3 - Other 3.0 3.8 
4 - Forest 0.7 2.7 
5- Forb  0.0 0.0 
Total 100% 100% 
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3.2.2 2010 Landsat 5 TM Satellite Classification 

Shrub Cover Inputs to the CART Models 

Shrub binary images were derived from 1 m NAIP images for NDVI,red and blue 

bands. The values distinguishing shrubs from grass were found to be between 0.15 and 

0.40. The accuracy assessment of the NDVI-derived binary image was 74.0%. The blue 

band-based shrub binary image had an accuracy of 75.1%. A third shrub binary image 

based on the red band alone had an accuracy of 82.6%.  

Because the NAIP red band values were found to be the best distinguishers 

between shrubs and non-shrubs, the 1m NAIP red band shrub binary image was used to 

generate a percent shrub cover image by dividing the image into 30 m cells and 

calculating the percentage of shrub pixels in each. Different % shrub cover thresholds 

ranging from 15 to 40% were tested for identification of shrublands (Figure 9). Those 

30m cells with 20% and above shrub cover values most accurately identified the 

shrublands. They produced the most accurate classifications of Landsat 5 TM using the 

CART Model. Therefore, the 20% shrub threshold was used to train the 2010 Landsat 5 

TM classification. 
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Figure 9. These samples show classifications of shrubland in NAIP based on percent 
shrub pixels using thresholds of 15%, 20% and 25% shrub or above, respectively. 
The 20% threshold proved most effective in the CART model iterations and 
therefore was used. 
 

Landsat 5 TM CART Classification Results 

A number of different Landsat 5 TM CART models were developed and run, and 

each was assessed for accuracy. The first iterations of the Landsat classification, done 

with visual assessment of NAIP and Landsat 5 TM false-color composite and NDVI 

images, were unsatisfactory; the best accuracy percent was 61.0% (Table 9).  
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Table 9. Accuracy assessment of selected CART models. CART 9 iteration produced 
the best Overall and Producer’s accuracy for the shrub class. 

 
Producer’s Accuracy 

-%- 

Description of 
Classification 

Over
-all  Shrub Grass Bare 

For-
est 

Ripa-
rian 

Dark 
Objects 

Mix 
Shrub 

& 
Grass 

CART 8 
Landsat 
NDVI 

threshold 
NAIP, NDVI 

values 

61.0 49.3 58.2 88.0 10.0 78.1 92.0 - 

CART 9 
% shrub cover 
thresholds of 

20% 

66.3 70.8 48.6 44.0 91.3 87.9 91.1 - 

CART 13 
Omit NDVI 
values 1853-

2008 

53.5 40.9 57.6 36.0 87.0 70.7 90.0 - 

CART 15 
Adjusted 

NDVI values 
1853-2008 = 

Mixed 
shrub/grass 

class 

57.9 48.0 35.7 43.5 95.7 75.6 90.0 78.3 

 
The iteration of Landsat 5 TM CART classification with the best overall 

classification accuracy was iteration CART 9 (Figure 10), with an overall accuracy of 

66.3% (Table 9). This classification was based on percent shrub values derived from the 

NAIP red band image that were thresholded at the 20% shrub level and then used to 

classify areas of shrubland in the Landsat 5 TM  image in a CART-based model.  
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Figure 10. Classification results of CART 9, which had 66.3% accuracy. Most of the 
classification confusion is between grass and shrub. Low shrub cover is also often 
confused with bare soil. 

 

The producer’s accuracy for shrub in the CART 9 model was 70.8%; it was 

mainly confused with grasslands (48.6% accurate) and bare ground (44.0% accurate).  

Histograms show that the values of ‘percent shrub’ do not clearly separate the classes of 

shrublands, grasslands, and bare soil so that there are clear breaks in the NDVI values 

they reflect. There is much overlap among the three classes in terms of the ranges of 

percent shrub values that are within the classes.  

It became clear that at least some of the error was associated in the confusion of 

shrubs vs. grass. In most of the CART model iterations, the confusion in classification 
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remained between shrub/grass. To understand this better, I generated a histogram of the 

distribution of percent shrub cover pixels across the full range of possible NDVI values, 

split up into 50 bins (each with 154 NDVI values) (Figure 11). After studying the 

relationship between the percent shrub values used for training the CART model and the 

Landsat NDVI values in each pixel with a histogram, it was apparent that there is no 

strict relationship between the two variables; one does not necessarily define the other.  

 
Figure 11. Pixel counts for Landsat TM NDVI values ranges per shrub cover 
percentage levels for training for CART 9 Classification. The wide dispertion in this 
graph demonstrate that shrub cover does not have a distinguishing range of NDVI 
values. 

 

I attempted to improve on this accuracy by altering the model inputs in a variety 

of ways (e.g., changing the shrub threshold, switching in and out different Landsat 5 TM 

layers), but failed to improve on this overall accuracy. Figure 12 shows that even raising 

the percent shrub cover threshold to as much as 60% shrub cover and above would still 

produce an overlap in the NDVI values reflected by each class. The classes are still 

confused by the NDVI values. 
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Figure 12.  The classified vegetation types, based on the shrub percent thresholds, 
were examined to find the NDVI values that make up these classes. The riparian 
class (green) number of cells have multiplied times 100 to make them visible within 
the graph. 
 

I found that there is a rough range of NDVI values, between 1853 and 2008 in 

which the count of both grass and shrub pixels were the most common, a potential 

indicator of where the confusion of these may occur. This knowledge, used in an iteration 

of Landsat CART classification (CART 15) to create a new mixed shrub and grass class, 

produced an accuracy assessment of 57.9%. 
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3.3 Historic to Contemporary Landcover Change 
3.3.1 Change Analysis comparing 1935 Grazing Service Inventory Survey and 

2001 SwReGAP Reclassification 

 

The change detection between 1935 and 2001, based on the 1935 Grazing 

inventory maps and the 2001 SwReGap shows a trend towards shrub encroachment 

(Figure 13). The highest percent of land that changed land type (18.1%) went from grass 

to shrub (Table 10).  

Table 10. Change matrix for the Change analysis between the 1935 Grazing Survey 
classification map and the 2001 SwReGAP Re-classification Map. Count refers to 
the number of 30 m pixels. 

Value Count 
1935 

Survey 
2001 

SwReGAP % Total 
1 4145358 Shrub Shrub 65.3% 
2 426199 Shrub Grass 6.7% 
3 103692 Shrub Other 1.6% 
4 44836 Shrub Forest 0.7% 
5 1149222 Grass Shrub 18.1% 
6 329491 Grass Grass 5.2% 
7 12455 Grass Other 0.2% 
8 86500 Grass Forest 1.4% 

13 29583 Forest Shrub 0.5% 
14 2280 Forest Grass 0.0% 
15 387 Forest Other 0.0% 
16 15066 Forest Forest 0.2% 
17 3072 Forb Shrub 0.1% 

Total 6348141   100% 
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Figure 13. Landcover change, 1935 to 2001. 
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3.3.1.1 Detailed analysis of focus areas 
 

Evaluation of the change analysis raised some concerns about the possibility that 

some documented “change” might actually be due to differences in how the two data sets 

were constructed, and the possibility of inaccuracies in the original products. After 

obtaining the results of the change analysis, a close analysis was conducted to find the 

reasons for these results. Six areas were reviewed where mismatches in the 2010 NAIP 

data (as reference) and the 2001 SwReGAP. Given that this dataset is almost a decade 

old, only a qualitative assessment of six sample areas was conducted. It became clear the 

underlying data of the SwReGAP is not sufficiently accurate for confidence in change 

detection at the scale that matched the 1935 Grazing surveys.  

Some of the issues include geographic mismatch of landcover classification and 

ground landcover (i.e. riparian zones were not displayed directly over ground riparian 

zones) and adding classifications that are blatantly wrong (i.e. classifying rangelands as 

marshes). I also found some areas of change were a result of soils affecting the landcover 

classification of the contemporary image, not necessarily because the land was changing 

from one type of dominant life form over another. The large number of classes and the 

excessive patchiness of the original classification would make SwReGAP comparinson 

with any other classification difficult without generalizing the classifications first. I did 

find that the SwReGAP seemed to follow the geographic features in aerial photography 

better than the 1935 Grazing inventory. In some areas, it was possible to find changes in 

the landscape that made sense, such as growth of grass behind a large erosion control 

structure, where water would tend to accumulate. I found that the classification and the 
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landcover change detection picked up slopes and aspect, which is good because grass 

presence is marked by slopes and direction of slopes. Some of the issues with SwReGAP 

using change detection came from the processing of the raster dataset. Some of the grass 

areas along riparian zones were in such small patches that they disappeared when the 9 

by 9 neighborhood analysis was run on the whole dataset to decrease the patchiness of 

the image, leaving behind a general landscape that is only shrub. This amount of error 

combined with the analysis of the data that makes up the 1935 Grazing surveys. This 

results in inaccuracies of inputs for the change analysis that affects the confidence level 

of the change detection results. 

One of the possible unintended contributors to the change results was that the 

1935 Grazing inventory maps display vegetation information in two different fields, and 

the primary species listed is not necessarily primary in ecological terms even though it 

may be a forage production priority. The first field is ‘Primary Aspect’ (previously 

described in the methods section). The second field is ‘Dominant Species’, which 

displays the three most dominant species. It was found that in some cases, lifeform of the 

first species listed in ‘Dominant Species’ does not match the corresponding lifeform 

listed for ‘Primary Aspect’ (Table 11). This issue can arise because the first species may 

have been the most important forage species, not the most dominant ecological species 

(BLM 1963). This means that the decision to map the classification based on the 

‘Primary Aspect or the ‘Dominant Species’ will produce different results. I kept the 

classification to that of the ‘Primary Aspect’. 
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Table 11. Vegetation Classification Mismatch. The two primary fields within each 
1935 Grazing inventory Range Type polygon do not match in some cases. 
“Primary Aspect” 

Lifeform 
Reported 

(Ecological 
Dominance) 

Lifeform of the  
“Dominant Species” 

Reported 
(Forage Priority 

Dominance) 

Percent of Primary Aspect 
Polygons that Have Dominant 

Species Lifeform Different 
from the Primary Aspect 

Mismatched 

1 - Shrub 2 - Grass 29.7% 

2 - Grass 1 - Shrub 14.8% 

4- Forest 2 - Grass 62.3% 

5 - Other 1 - Shrub 11.1% 

5 - Other 2 - Grass 47.9% 
 

3.3.2 Change Analysis comparing 1935 Grazing Service Inventory Survey and 

2010 Landsat 5 TM Classification 

The Change Analysis (Figure 14) between the 1935 Grazing survey maps and the 

classification of the Landsat 5 TM Image shows that 41% of the land was shrub in 1935 

and remained so through 2010 (Table 12).  
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Figure 14. Change Analysis from the 1935 Grazing inventory classification maps 
and the 2010 Landsat 5 TM Classification maps shows an increase in grass-
dominated areas from shrub-dominated areas. 
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Close to 15% of the study area remained grass in both images. More than 20% of 

the study areas went from shrub to grass or bare, meaning a reduction in shrub. Grass to 

shrub accounts for 7.8% of the study area. 

Table 12. Attribute table of the change detection analysis. 
Value Count 1935 Survey 2010 Landsat % of Total 

1 1931634 Shrub Shrub 41.3% 
2 998481 Shrub Grass/Bare 21.3% 
6 681848 Grass/Bare Grass/Bare 14.6% 
0 659499 Other Other 14.1% 
5 367223 Grass/Bare Shrub 7.8% 
8 18218 Grass/Bare Forest 0.4% 
13 9992 Forest Woody 0.2% 
14 7328 Forest Shrub 0.2% 
4 5757 Shrub Forest 0.1% 
16 102 Forest Forest 0.0% 

Total 4680082   100.0% 
 

Further analysis of the accuracy of the Landsat 5 TM Classification for the cells in the 

change matrix that were either “Shrub to Grass” (Figure 15) category or “Grass to Shrub” 

(Figure 16) category revealed that the Landsat 5 TM classification was correct only about 

67% of the time. This means that the cells that show that there was a change from 1935 to 

2010 maybe erroneous because the Landsat 5 TM does not show the right class. Figure 

14 shows that cells with high values of percent shrub tended to get misclassified as grass. 

However, lower values are equally mistaken for other categories. Figure 14, which 

focuses on the Landsat 5 TM grass classification that had changed from shrub, does not 

show an apparent pattern for what percent-shrub values may be causing trouble because 

the percent-shrub values of correct and incorrect classifications are in the a similar range. 
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Figure 15. Percent Shrub histogram of class "Shrub to Grass" within the 1935 to 
2001change detection map. This histogram shows number of pixels, based on their 
percent shrub value, that were either correctly classified as shrub in the Landsat 5 
TM classification, or were mistaken for other classes. 
 

 
Figure 16. Percent Shrub histogram of class "Grass to Shrub" within the 1935 to 
2001 change detection map. This histogram shows number of pixels, based on their 
percent shrub value, that were either correctly classified as grass in the Landsat 5 
TM classification, or were mistaken for other classes. 
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3.3.3 Evaluation of Change comparing 2001 SwReGAP Reclassification and 2010 

Landsat 5 TM Classification 

 

I found that 57% of the 30m pixels in both maps, the 2001 SwReGAP 

Reclassification and the 2010 Landsat 5 TM Classification, shared the same classification 

in both datasets (Figure 17). Thirty-six% were classified as shrub in the SwReGAP that 

were grass in the Landsat 5 TM classification. Six percent were grass in the SwReGAP 

and shrub in the Landsat 5 TM Classification (Table 13). 
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Figure 17. A change detection between the two contemporary datasets shows that 
about half of the pixels are the same classification in both images. 
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Table 13. This is the attribute table of the change detection analysis. Results show 
that Landsat 2010 is able to classify more grass. 

Value Count 
2001 

SwReGAP 
2010 Landsat 5 

TM 
% 

Total 
1 2513849 Shrub Shrub 51.6% 
2 1669227 Shrub Grass 34.3% 
6 252522 Grass Grass 5.2% 
5 177226 Grass Shrub 3.6% 
9 133653 Other Shrub 2.7% 
14 66498 Forest Grass 1.4% 
13 17818 Forest Shrub 0.4% 
16 13848 Forest Forest 0.3% 
10 12800 Other Grass 0.3% 
4 10271 Shrub Forest 0.2% 
8 5083 Grass Forest 0.1% 
12 625 Other Forest 1.0% 

Total 4873420   100% 
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4 DISCUSSION 

4.1 Historic Landcover Data Options and Preprocessing 
 
4.1.1 1935 Grazing Service Inventory Maps 

 
The classification of the 1935 Grazing inventory maps into a landcover map that 

could be compared later with datasets from 2001 and 2010 in a landcover change 

detection identified that the northern portion of the San Simon Watershed was 72.1% 

shrubland and 24.1% grassland in 1935. While there were some challenges in producing 

this classification, the 1935 Grazing inventory maps can be a useful historic dataset for 

detecting vegetation change detection because they offer insight to the state of vegetation 

three quarters of a century ago.  The scale and extent of study for which these datasets 

will be used (e.g. landcover change detection) influence the accuracy of the outcome.  

The minimum mapping unit for the 1935 Grazing Survey polygons is 5,820 sq. m. 

Contemporary datasets tend to be of higher resolutions. Therefore, care must be taken to 

match any contemporary dataset to the scale of the 1935 Grazing Survey. The 

georeferencing results, in which adequate geographic accuracy was achieved, also 

support the use of these historic datasets at smaller scales given that insignificant 

georeferencing errors at small scales became apparent at larger scales. In this study, 

riparian zones tended to be problematic, as their width on the ground in some locations 

was smaller than the minimum mapping unit. This may lead to geographic misplacement 

or omission issues.  
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 Another factor that influences the interpretation of Grazing inventory maps  for 

detecting vegetation change is the choice of data (called attributes) from within mapped 

polygons to use for the change detection analysis. Mapped polygons in the 1935 Grazing 

maps include two attributes that provide landscape vegetation information. These 

attributes were originally designed to help rangeland managers assess the carrying 

capacity of pastures. The first landscape vegetation attribute, the ‘Primary Aspect’, plays 

a more ecological role in that it is a given vegetation regime based on a general ocular 

classification. The second attribute includes information on dominant species, which are 

listed in order of dominance or forage importance. In some cases, these two attributes do 

not suggest the same classification of vegetation dominance, ecologically speaking, 

because the ‘Primary Aspect’ species may not be palatable to cattle, and thus is not 

considered a dominant species. A change detection analysis was successfully conducted 

based on the ‘Primary Aspect’ data. Skaggs (2011) determined that ‘Dominant Species’ 

may be useful for similar landcover change detections.  

The potential of the 1935 dataset was enhanced for comparison to contemporary 

landcover information, despite the large difference in minimum mapping unit and very 

different original purpose of the maps, by focusing on detectable landscape features 

relevant to the 1935 data that would be distinguishable in the contemporary datasets. Life 

forms (e.g., grass vs. shrub) are generally more readily distinguishable in Landsat TM-

based landcover classification than individual species, and grasses were a primary focus 

of the 1935 Grazing survey.  
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By evaluating the 1935 Grazing inventory surveys from the perspective of 

vegetation cover (rather than forage/grazing capacity), a digital classification was created 

that was more comparable to contemporary datasets generated specifically to classify 

landcover. These findings agree with similar findings of recent studies that used Grazing 

Service inventory maps for an analysis of landcover change using state and transition 

models (STM) at La Jornada Experimental Range in New Mexico (Skaggs 2011; 

Williamson et al. 2011). Although the Grazing Service inventories were conducted to 

establish grazing capacity, they can provide adequate information about the general state 

of vegetation dominance (Williamson et al. 2011). Most importantly, these inventory 

maps are useful to help understand the general trend of vegetation dominance at a 

regional extent, especially between shrub and grass. 

4.1.2 BLM Transect Monitoring Data 

Both of the field-based historic monitoring datasets (the Parker 3-step and the 

pace frequency data) available for transects within the allotments in the northern portion 

of the watershed were not sufficient for my research purposes. I had anticipated using 

these data to help me examine vegetation dominance trends in representative locations 

throughout the watershed by using more than two points of temporal reference, beginning 

with the 1935 Grazing inventory surveys for the original vegetation state, these 

monitoring transects as a potential intermediate time frame, as well as for a more 

contemporary ground data verification data set for the contemporary remotely-sensed 

classified datasets. Because the objective was to assess what was happening to the 

vegetation of the San Simon Watershed between 1935, 2001and 2010, I was looking for 
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the earliest monitoring data that had been collected, which turned out to be 1960’s Parker 

3-Step. While records suggest this was widely applied, the actual data were missing from 

the archives. Furthermore, neither dataset went far back enough to have a sufficient time 

period between measurements for a multi-decadal change assessment. Most of the 

available transect data only went back as far as 2003, which is more contemporary than 

the SwReGAP dataset. Transects that did have repeated data that went back to 1982 were 

associated with exclosures or other management actions that cannot be considered 

representative of the majority of the watershed. 

Overall, the lack of consistent data available made it impossible to test this 

method of change detection. Even without historical data, more recent transect 

monitoring data gathered on a spatially and temporally consistent basis could be useful 

for landcover classification accuracy assessment. However, it is important to note that 

ground-based vegetation monitoring data are not generally collected with landcover 

mapping in mind, meaning they might not correspond as directly as needed. The use of 

contemporary monitoring data as training or validation is a method that still needs to be 

tested in the future. 

4.2 Contemporary Landcover Data Options and Preprocessing 
4.2.1 2001 Southwest ReGAP Vegetation Survey 

The reclassification of the SwReGAP product suggested that the area of study was 

78.5% shrubland and 15% grassland in 2001, which compares to 72.1% shrubland and 

24.1% grassland in 1935. The 2001 SwReGAP seemed promising for a historic to 

contemporary landcover change analysis because it covered the same territory and had 
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original classes that could be readily transformed into classes comparable to the 1935 

Grazing inventory classification. Although SwReGAP Reclassification appears to work 

well for a vegetation change assessment with the 1935 inventory surveys, there are some 

issues that affect the story told by the analysis results. The high level of detail in the 

original SwReGAP dataset suggested a level of mapping resolution that might be high 

enough to produce a meaningful result in the change analysis preformed. The aggregation 

of the original 125 SwReGAP classes into the same 5 classes as the 1935 Grazing 

inventory surveys may have introduced some error. However, the relatively high spatial 

resolution (30m) for the data used to generate the original SwReGAP suggested the 

product might be reliable.  There are other facets of “resolution” that make using the 

product for landcover change analysis, even in areas as large as the San Simon 

Watershed, questionable. Most importantly, SwReGAP covered the entire southwestern 

U.S., and therefore the training and accuracy assessment points were limited in number 

and spread throughout the entire region, therefore, decreasing the possibility that this 

dataset be accurately classified at anything smaller than large regional scales. Without 

additional ground-based monitoring data, it is difficult to assess its classification 

accuracy, given that it is eleven years old. The generalization of the SwReGAP 

Reclassification can make it particularly difficult to assess small areas, such as riparian 

zones. The reclassification choices made during the generalization process may also lead 

to misclassification of general shrub and grass areas because the choices were made 

entirely based on the written description of classes. There is the possibility that classes 

may have been misinterpreted. The results of the original 2001 Landsat classification that 
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formed the basis for SwReGAP and, therefore, the change analysis, are affected by the 

reclassification of the varied classes of the original dataset. Therefore, there are two 

classification steps in which errors can be made: the original classification and the 

generalizing reclassification. This may have led to the significantly lower or higher value 

of grasslands than exist in reality.Given these facts, the SwReGAPcan be used with 

caution to help verify any trends in vegetation change between historical datasets and 

more contemporary datasets. 

4.2.2 2010 Landsat 5 TM Satellite Imagery and NAIP Aerial Orthophotography 

 
In performing the 2010 landcover classification, I anticipated being able to 

address some of the concerns found in using the 2001 SwReGAP as the contemporary 

image in this effort to understand change over the past 75 years. On the one hand, I was 

able to assess accuracy directly by both a high spatial resolution (1m) dataset (NAIP), 

and ground observations. On the other hand, I could take advantage of that same dataset 

to train the coarser Landsat 5 TM data for a regression tree analysis. I found that the 

CART method for classification of Landsat 5 TM image was insufficiently improved 

with the use of the NAIP-derived 30m percent shrub image. The NAIP 30m percent 

shrub image that was used for training was relatively accurate (82.6% classification 

accuracy). However, when mixing the different percentages of shrubs with different 

spectral combinations of grass, litter, and soil colors, the disconnection between a simple 

percent shrubs map and spectral classification became very apparent. The NAIP shrub 

percent values improved the classification, but not as much as expected, as the overall 

accuracy of the Landsat 5 TM classification could only be improved to 66.3% using the 
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NAIP percent shrub cover assessment, up from 61% using simple visual assessment of 

NAIP and Landsat false-color composite images and NDVI images (Table 9). The 66.3% 

accuracy is not an adequate classification accuracy. The difficulty lay in the confusion 

between low grass values and high shrub values, which could not be separated; the 

producer’s accuracy for shrub was 70.8% while grass had a substantially lower accuracy 

of only 48.6%. Low percent shrub values were also confused with bare earth. This 

mixing corresponds with the reality of semi-desert rangelands, where dominance of 

shrubs vs. grass vs. bare ground is not always clear; this effect is enhanced or reduced by 

climatic conditions of the chosen date of acquisition and the phenological states of the 

vegetation at different times of the year. These mixed classes might be made 

distinguishable through further ground measurements to capture the wider variety of 

landscapes, soils, elevations, and slopes in order to obtain better representative training 

data to improve the classification. This would, of course, require a greater amount of time 

and resources, but would give more confident classification results. 

Similar to the experience of previous studies such as Wulder (2004), NAIP 

imagery is good for distinguishing individual shrubs visually because it is high 1m 

resolution. Nevertheless, I also found that it was difficult to classify shrubs based on the 

reflectance values of the bands. Although I had  issues using the NAIP NDVI index due 

to image tile disparities, I believe this was unique to the images of the San Simon 

Watershed, as other users have successfully used NAIP NDVI values for classification 

(Hartfield, Landau, and van Leeuwen 2011). Issues that contributed to classification 

difficulties included variety in slopes, changes in elevation, and shadows. I found that the 
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reflectance values of the individual red band gave the clearest threshold for distinction of 

shrubs. The flights were done in early June before the monsoon season, so the confusion 

between shrub and grass should have been low due to the senesced state of perennial 

grasses (yellow), and the lack of annual grasses. However, the dry conditions means that 

the shrubs were also suffering and displaying low reflectance values that could be 

confused with pixels that did not have shrubs. Secondly, the high variance in soils and 

landforms made it difficult to find a good combination of training sites for shrubs that 

were representative and could correctly identify various shrublands and grasslands 

throughout the whole area of study. 

I found that pixels with 20% shrubs or higher, from the NAIP-derived 30m 

percent shrub image could be used as a guide for choosing shrubland training sites for the 

Landsat classification. However, these steps, although improving the method, did not 

achieve the desired Landsat classification accuracy.  

Upon studying the correlation between the NAIP percent shrub values used to 

identify shrubs and grasslands and the value of the Landsat NDVI, it became apparent 

that a range of percent shrub in the NAIP is not necessarily correlated with a 

corresponding range of Landsat NDVI values. Landsat NDVI pixel values tend to 

encompass a large variety of percent shrub values, therefore creating confusion in the 

classification of Landsat images. The addition of a mixed shrub/grass class did not truly 

improve the classification accuracy because the problem was evident for a wide range of 

NDVI values. Adding the NAIP percent shrub cover as additional training criteria 

improved the classification of Landsat 5 TM classification, mainly for shrub class than 
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for grass. However, the overall process did not achieve the separation of shrubs and 

grass.   

Further work should include the use of multi-temporal datasets to improve the 

classification of Landsat images by highlighting phenological peaks of different life 

forms to help further differentiate between grasses and shrubs. 

4.3 Change Analysis Methods 
 
4.3.1 Change Analysis comparing 1935 Grazing Service Inventory Survey and 

2001 SwReGAP Reclassification 

 
The results of this change analysis suggests that, as expressed by many other 

scientists (Cooke and Reeves 1976; R. S. Campbell 1929), the San Simon Watershed land 

is generally transforming from grassland to shrubland, which in this region is generally 

viewed as an undesirable change. These results also show that while there was 

considerable grassland to shrubland change, most of the land area in the northern part of 

the watershed had been shrubland since 1935; of the 78.5% total shrubland pixels in 

SwReGAP, 15% had been classified as grass in the 1935 Grazing inventory maps. The 

majority of the San Simon Watershed is between 800 and 1000 m in elevation and 

considered Chihuahuan-Sonoran Desert Shrubland (USDA NRCS 2007), which 

corresponds with the results. However, the serious drought conditions of the southwest in 

the 1930’s, which decreased the amount of grass cover in the San Simon Watershed at 

that time might have made shrubs appear to be the dominant species (William Brandau, 

Greenlee County Extension Director, personal communication, April 12, 2012). 
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The close examination of the two datasets (1935 Grazing Inventory surveys and 

2001 SwReGAP) made it clear that georeferencing problems with the 1935 survey maps 

created some confusion in terms of the change analysis. For example, some riparian 

zones did not match perfectly. Therefore, the change analysis had zones that went from 

riparian to another class, while neighboring cells went from another class to riparian, 

when it should have been a riparian zone that was stable in both images. Researchers and 

managers must check the datasets to ensure adequate geographic match for the scale of 

data inputs and analysis.  

4.3.2 Change Analysis comparing 1935 Grazing Service Inventory Surveys and 

2010 Landsat 5 TM Classification 

 
The change analysis between the 1935 and 2010 datasets suggests that less than 

half of the study area (41.3%) was shrubland from the beginning and remained shrubland 

through the decades. An additional 7.8% of the total land converted from grassland in 

1935 Grazing inventory surveys to shrubland in the Landsat TM 2010 classification. At 

the same time, 21.3% of the whole area went from shrub to grassland (Table 12). This 

would mean that, overall, there was a significant increase in grasslands in the San Simon 

Watershed. There are two possible explanations for these results. One may be that the 

inaccuracies of the Landsat classification (the best model had an accuracy of 66.3%) 

resulted in an incorrectly amount of grassland. Figure 14 shows how some pixels that fall 

under the change matrix category of “Shrub to Grass” (21.3% of the total areas) 

(Table12) are pixels that are actually shrub misclassified as grass. This demonstrates how 

the accuracy of classification directly affects the results of the landcover detection 
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change. The second possible contributing reason for these results may be that a 

combination of climate trends and active rangeland management by the BLM and 

ranchers has improved the conditions of the landscape. Further analysis by ground-

measurements of the areas classified as grassland, both in the low elevations and the 

various slopes, would have to be done to find out which of these reasons is most likely to 

create these results. Therefore, the value of the Grazing inventory surveys and Landsat 

5TM is their input as a reconnaissance method to evaluate landscape change and find 

areas to study further to resolve natural resource management issues.  

4.3.3 Evaluation of Change comparing 2001 SwReGAP Reclassification and 2010 

Landsat TM Classification 

Given the large differences in the landcover change results in the change 

detections between the 1935 to 2001 vs. the 1935 to 2010 analyses, both of which were 

using the 1935 Grazing Service surveys, there are clearly concerns in one or both of the 

contemporary classifications. A comparison between the 2001 SwReGAP and the 2010 

Landsat TM classifications reveals that only just over half of the pixels (57.0%) share the 

same classification between the two contemporary datasets (Table 14). The SwReGAP 

has a significantly lower classification percent of grassland. Of the pixels that had 

different classifications, the majority were shrub in the SwReGAP and grass in the 

Landsat TM classification (34.3%). The disparities in grass and shrub appearance could 

be due to the difference in methods for classification, even though the CART model was 

used for classification of both datasets. I made additional use of NAIP shrub percentage 

to aid in the training of these classes, which SwReGAP did not employ. A local expert 

with more than 30 years rangeland management field experience in the San Simon 
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assessed both the 2001 and 2010 classifications, and concluded that the trends captured in 

the latter are more accurate, as well as more detailed, and therefore more realistic for a 

change detection of this scale (William Brandau, Greenlee County Extension Director, 

personal communication, April 12, 2012). The SwReGAP generalized class zones were 

larger than the Landsat class zones, resulting in larger homogenous classified areas. 

Table 14. Summary of Change analyses and results of change in shrub and grass 
landcover. 

Historic Contemporary % Shrub 
to Shrub 

% Shrub 
to Grass 

% Grass 
to Shrub 

% Grass 
to Grass 

1935 2001 65.3% 6.7% 18.1% 5.2% 
1935 2010 41.3% 21.3% 7.8% 14.6% 
2001 2010 51.6% 34.3% 3.6% 5.2% 

 

4.4 Conclusions 
 

Knowledge of landscape change is critical for understanding the effects of 

management on the landscape over time. Various datasets were investigated to determine 

change in vegetation dominance in the San Simon Watershed to begin to understand the 

general direction of change and the effects of management over time. Raster datasets, 

including digitized 1935 Grazing Service surveys, 2001 SwReGAP reclassification, 2010 

Landsat TM image and 2010 NAIP aerial photography can be used in combination to 

identify areas of change or of interest upon which further studies can be conducted in 

more focus using ground data, such as repeat monitoring data. Using the methods 

presented in this thesis, government agency personnel, ranchers, and other stakeholders in 

rangelands in the U.S. southwest can take advantage of historic Grazing Service 

inventories to interpret vegetation change.. However, these methods will be improved if 
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supplemented and validated with past (if available) and current representative ground 

measurements (Browning, Archer, and Byrne 2009) to better understand past vegetation 

conditions and to increase the accuracy of contemporary dataset classifications. 

Comparison of the two contemporary datasets revealed concerns about using the 

SwReGAP for change detection at the scale of the San Simon Watershed. However, 

being a pre-classified dataset that covers a large region, it may be adequate for very large-

general vegetation trends. To perform change detection that will provide useful 

information for management at a sub-basin level (8-digit HUC watershed level- 

approximately 1800 sq. km), existing monitoring data, even if only contemporary data 

exist, may be useful supplemental information for classification training sites or accuracy 

assessment. Resources must also be allocated to ground measurements to improve the 

classifications and therefore, have a greater confidence in the resulting change analyses. 

It would be worthwhile for managers of watersheds of the U.S. Southwest to invest in 

remote sensing technologies that a allow a sweeping look at the historical trends of the 

watershed in the past decades, an option that is becoming increasingly improved and 

applicable, to help make management decisions. 

Interpretations of vegetation change over time must be done in the contexts of the 

weather and climatic conditions during the period of analysis. For example, the 1930’s 

were characterized by a multi-year period of drought and reduced vegetative productivity, 

affecting not only the presence of annual grasses but also the health woody shrubs. This 

low productivity could have affected the classification, favoring shrubs. The same is true 

for the 2010 Landsat TM Classification, in which the time of year and drought conditions 
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made it easy to confuse shrubs not only with grass, but also with bare ground. The dates 

for contemporary classifications must be chosen with the understanding of the 

phonological stage of vegetation and climatic conditions to be able to accurately 

understand the classification and landcover change results
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APPENDIX A. 

BLM Monitoring Inventory Table. This is an inventory of all transects that had at least 
one set of raw frequency data.  
 

Allotment 
Number Site ID NOTES of the Data 

MONITORING 
Data Available 

DATE of 
Monitoring 

5103 

10-1 no grasses or forbs 
Plant Frequency and 
DWR Data 2003 

10-2 no grasses or forbs 
Plant Frequency and 
DWR Data 2003 

20-1 species names given 
Plant Frequency and 
DWR Data 2003 

21-1 no grasses or forbs 
Plant Frequency and 
DWR Data 2003 

23-1 no grasses or forbs 
Plant Frequency and 
DWR Data 2003 

25-1 
grasses or forbs species 
given 

Plant Frequency and 
DWR Data 2003 

3-1 annual grasses or forbs given 
Plant Frequency and 
DWR Data 2003 

1-1 

no species for grasses or 
forbs; written as annual 
grasses or forbs 

Plant Frequency and 
DWR Data 2003 

40-2 no grasses or forbs 
Plant Frequency and 
DWR Data 2003 

8-1 
grasses or forbs species 
given 

Plant Frequency and 
DWR Data 2003 

8-2 
grasses or forbs species 
given 

Plant Frequency and 
DWR Data 2003 

24-1 
grasses or forbs species 
given 

Plant Frequency and 
DWR Data 2003 

1-2 
no grasses or forbs, written 
as annual grasses and forbs 

Plant Frequency and 
DWR Data 2003 

40-1 no grasses or forbs 
Plant Frequency and 
DWR Data 2003 

2-2 no grasses or forbs 
Plant Frequency and 
DWR Data 2003 

24-2 no grasses or forbs 
Plant Frequency and 
DWR Data 2003 

23-2 no grasses or forbs 
Plant Frequency and 
DWR Data 2003 

12-1 no grasses or forbs 
Plant Frequency and 
DWR Data 2003 

12-2 no grasses or forbs 
Plant Frequency and 
DWR Data 2003 

25-2  N/A  N/A   
3-2  N/A  N/A   
6-1  N/A  N/A   
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6-2  N/A  N/A   
2-1  N/A  N/A   

5110 

Plot #5  N/A 
Pace Frequency data 
sheet 1990 

Ryan 
Exclosure 
inside 

ran inside exclosure 2nd 
steel fence post from SW 
corner (over) 

Pace Frequency data 
sheet 1990 

Ryan 
Exclosure 
outside 

 45 degrees Sour of SW 
corner of Yan exclosure, 
steel stake, start pt. (over) 

Pace Frequency data 
sheet 1990 

JV-1 
inside 

post about 35 ft. South of 
North side of exclosure and 
about 100ft from NE corner 
and gate 

Pace Frequency data 
sheet 1987 

JV-1 
outside 

post is about 33 ft. north of 
north side exclosure and 
about 100 ft. from NE 
exclosure corner and gate 

Pace Frequency data 
sheet 1987 

HX dam 
exclosure 
outside directions on sheet 

Pace Frequency data 
sheet 1992 

SD-1 Out Sands Draw Exclosure Study 
Pace Frequency data 
sheet 1982 

SD-2 IN 
Sands Draw Exclosure study;  
no grasses or forbs 

Pace Frequency data 
sheet 1982 

Badger 
Den? 

Sands Draw Exclosure 
Study,  No grasses or forbs 

Pace Frequency data 
sheet 1982 

R-1 
Inside 
Exclosure possibly the same as ID 84 

Pace Frequency data 
sheet 1987 

R-1 
Outside 
Exclosure 

possibly the same as ID 85; 
runs parallel to W. exclosure 
fence about 10 yds W of 
fence running North  

Pace Frequency data 
sheet 1987 

R-2 
inside 
Ryan 
Detention 
Dam  N/A 

Pace Frequency data 
sheet 1987 

R-2 
Outside 
Ran 
Detention 
Dam 

transect begins at fence post 
marked with orange paint 
and run in SE'erly direction 

Pace Frequency data 
sheet 1987 

5101 

3 

annual grasses and forbs 
(2002), no grasses or forbs 
(2003); Range sites need to 
be ground truthed. Soils need 
be ascertained after soil 
survey is complete. 

Plant Frequency and 
DWR Data 2002, 2003 
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4 

no grasses or forbs (2002), 
has no species information 
(2003); Range sites need to 
be ground truthed. Soils need 
be ascertained after soil 
survey is complete. 

Plant Frequency and 
DWR Data 2002, 2003 

1 

has no grasses or forbs; 
Range sites need to be 
ground- truthed. Soils need 
ot ascertained after soil 
survey is complete 

Plant Frequency and 
DWR Data 2002, 2003 

2 

has no grasses or forbs; 
Range sites need to be 
ground- truthed. Soils need 
ot ascertained after soil 
survey is complete 

Plant Frequency and 
DWR Data 2002, 2003 

5114 

PW-1 
Inside 

Posey Well Habitat 
(Exclosure) Dev. 

Pace Frequency data 
sheet 1982, 1987 

PW1- 
Outside 

Posey Well Habitat 
(Exclosure) Dev. 

Pace Frequency data 
sheet 1982, 1987 

PW -2 
Inside 
Exclosure 

Posey Well Habitat 
(Exclosure) Dev. 

Pace Frequency data 
sheet 1982, 1987 

PW-2 
Outside 
Exclosure 

Posey Well Habitat 
(Exclosure) Dev. 

Pace Frequency data 
sheet 1982, 1987 

Fan3 
(Located 
within 
Badger 
Den  N/A 

Plant Frequency 
data 2003 

Fan4  N/A 
Plant Frequency 
data 

2003, 2004, 
2009 

Fan5  N/A Plant Frequency 
2003, 2004, 
2009 

5115 

JV02-3 
Species % frequency data 
and DWR and color photos 

Plant Frequency and 
DWR Data 2003 

JV-9 
Species % frequency data 
and DWR and color photos 

Plant Frequency and 
DWR Data 2003 

JV02-2  N/A 
Plant Frequency and 
DWR Data 2003 

JV-1  N/A 
Plant Frequency and 
DWR Data 2003 

JV-3  N/A 
Plant Frequency and 
DWR Data 2003 

JV-5  N/A 
Plant Frequency and 
DWR Data 2003 

JV-7  N/A 
Plant Frequency and 
DWR Data 2003 

JV-12  N/A 
Plant Frequency and 
DWR Data 2003 

JV13  N/A Plant Frequency and 2003 
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DWR Data 

JV02-4  N/A 
Species % 
frequency data 2003 

JV02-5  N/A 
Species % 
frequency data 2003 

5118 

Contest 
Well  N/A 

Plant Frequency and 
DWR Data 2003 

12-18  N/A 
Plant Frequency and 
DWR Data 2003 

13-17  N/A 
Plant Frequency and 
DWR Data 2003 

19  N/A 
Plant Frequency and 
DWR Data 2003 

14-16  N/A 
Frequency and 
DWR Data form 2003 

20  N/A 
Frequency and 
DWR Data form 2003 

5125 

1  N/A  N/A   
2  N/A  N/A   
3  N/A  N/A   
4  N/A  N/A   

5107 
SP02-5  N/A  N/A   
SP02-6  N/A  N/A   
SP02-7  N/A  N/A   

5108 

5108-7 

species names given (2003), 
Monitoring form for 2008= 
Plant Frequency, DWR, and 
Comparative Yield 

Plant Frequency and 
DWR Data 2003, 2008 

5108-1 

grass and forb species names 
given (2003), Monitoring 
form for 2008= Plant 
Frequency, DWR, and 
Comparative Yield 

Plant Frequency and 
DWR Data 2003, 2008 

5108-3 

grass and forb species names 
given (2003), Monitoring 
form for 2008= Plant 
Frequency, DWR, and 
Comparative Yield 

Plant Frequency and 
DWR Data 2003, 2008 

5108-6 

grass and forb species names 
given (2003), Monitoring 
form for 2008= Plant 
Frequency, DWR, and 
Comparative Yield 

Plant Frequency and 
DWR Data 2003, 2008 

5108-10 

has no grasses and forbs 
(2003), Monitoring form for 
2008= Plant Frequency, 
DWR, and Comparative 
Yield 

Plant Frequency and 
DWR Data 2003, 2008 

5108-11 
grass and forb species names 
given (2003), Monitoring 

Plant Frequency and 
DWR Data 2003, 2008 
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form for 2008= Plant 
Frequency, DWR, and 
Comparative Yield 

5109 

2 
dropped because in soil and 
range boundary 

Pace Frequency 
Data Sheet 1989 

5 

Aug. 2005, freq. quadrat size 
40 cm2, 74 degrees T from 
3x3 5A = 1 of 3 transects 

Frequency data 
sheet 2005 

11 

Location (1-50) 255 degrees 
T and (51-400) 38 degrees T, 
maps of soils and ecol. Sites 

Pace Frequency data 
sheet 1989 

12  N/A 
Pace Frequency 
Data Sheet 1989 

13  N/A 
Pace Frequency 
Data Sheet 

1982, 1985, 
2005 

18-3  N/A 
Frequency data 
sheet 2005 

Vg-14  N/A 
Pace Frequency 
Data Sheet 2005 

4 VG- Trend data mostly Pace frequency 2005 
4  N/A  N/A   
14  N/A  N/A   
18  N/A  N/A   
W-13  N/A  N/A   
W-13A  N/A  N/A   
W-12  N/A  N/A   
W-12A  N/A  N/A   
11  N/A  N/A   
11A  N/A  N/A   
5  N/A  N/A   
5A  N/A  N/A   
Transect 
2   

Pace Frequency data 
sheet 1989 

Transect 
4 2 transects Data frequency 2005 

 

Table 10. Inventory of transects that have repeated frequency data. 

Allot # Allotment Site Dates of Frequency Data 

5101 Creosote 3 2002, 2003 
5108 Tanque  5108-7 2003, 2008 
5101 Creosote 1 2002, 2003 
5101 Creosote 2 2002, 2003 
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5114 Fan Fan 3 2003, 2004, 2009 
5114 Fan  Fan 4 2003, 2004, 2009 
5114 Fan Fan 5 2003, 2004, 2009 
5114 Fan* PW-1 Inside 1982, 1987 
5114 Fan* PW1- Outside 1982, 1987 
5114 Fan* PW -2 Inside Exclosure 1982, 1987 
5114 Fan* PW-2 Outside Exclosure 1982, 1987 
5109 Van Gaussig 13 1982, 1985, 2005 
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APPENDIX B 

Table of Reclassification of SwReGAP classes. The SwReGAP dataset had 125 classes in 

the San Simon area of study which were reclassified into general classifications to match 

the classes in the 1935 Grazing surveys. 

 

COUNT CODE DESCRIPTION Gen 
Classification 

Num 
Symbol 

935198996     Other 3 

25871 S001 
North American Alpine Ice 
Field Other 3 

4292080 S002 
Rocky Mountain Alpine 
Bedrock and Scree Other 3 

43443 S003 
Mediterranean California 
Alpine Bedrock and Scree Other 3 

845841 S004 
Rocky Mountain Alpine Fell-
Field Other 3 

3300961 S006 
Rocky Mountain Cliff and 
Canyon Other 3 

148646 S007 
Sierra Nevada Cliff and 
Canyon Other 3 

350266 S008 
Western Great Plains Cliff and 
Outcrop Other 3 

3210267 S009 
Inter-Mountain Basins Cliff 
and Canyon Other 3 

27022955 S010 

Colorado Plateau Mixed 
Bedrock Canyon and 
Tableland Other 3 

3667688 S011 
Inter-Mountain Basins Shale 
Badland Other 3 

3448051 S012 
Inter-Mountain Basins Active 
and Stabilized Dune Other 3 

1510606 S013 

Inter-Mountain Basins 
Volcanic Rock and Cinder 
Land Other 3 

51549 S014 Inter-Mountain Basins Wash Other 3 
19539711 S015 Inter-Mountain Basins Playa Other 3 

4039375 S016 
North American Warm Desert 
Bedrock Cliff and Outcrop Other 3 

125232 S017 North American Warm Desert Other 3 
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Badland 

3161115 S018 
North American Warm Desert 
Active and Stabilized Dune Other 3 

1105759 S019 
North American Warm Desert 
Volcanic Rockland Other 3 

730465 S020 
North American Warm Desert 
Wash Other 3 

442943 S021 
North American Warm Desert 
Pavement Other 3 

1272783 S022 
North American Warm Desert 
Playa Other 3 

23389603 S023 
Rocky Mountain Aspen Forest 
and Woodland F 4 

997695 S024 
Rocky Mountain Bigtooth 
Maple Ravine Woodland F 4 

890911 S025 

Rocky Mountain Subalpine-
Montane Limber-Bristlecone 
Pine Woodland F 4 

744044 S026 

Inter-Mountain Basins 
Subalpine Limber-Bristlecone 
Pine Woodland F 4 

16495827 S028 

Rocky Mountain Subalpine 
Dry-Mesic Spruce-Fir Forest 
and Woodland F 4 

58610 S029 
Northern Pacific Mesic 
Subalpine Woodland F 4 

11516270 S030 

Rocky Mountain Subalpine 
Mesic Spruce-Fir Forest and 
Woodland F 4 

9862245 S031 
Rocky Mountain Lodgepole 
Pine Forest F 4 

9967031 S032 

Rocky Mountain Montane 
Dry-Mesic Mixed Conifer 
Forest and Woodland F 4 

2452 S033 

Mediterranean California Dry-
Mesic Mixed Conifer Forest 
and Woodland F 4 

8108161 S034 

Rocky Mountain Montane 
Mesic Mixed Conifer Forest 
and Woodland F 4 

6374030 S035 
Madrean Pine-Oak Forest and 
Woodland F 4 

55823747 S036 Rocky Mountain Ponderosa F 4 
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Pine Woodland 

17011685 S038 
Southern Rocky Mountain 
Pinyon-Juniper Woodland F 4 

108770386 S039 
Colorado Plateau Pinyon-
Juniper Woodland F 4 

56926231 S040 
Great Basin Pinyon-Juniper 
Woodland F 4 

3828201 S042 

Inter-Mountain West Aspen-
Mixed Conifer Forest and 
Woodland Complex F 4 

121643 S043 
Rocky Mountain Alpine 
Dwarf-Shrubland S 1 

4616282 S045 
Inter-Mountain Basins Mat 
Saltbush Shrubland S 1 

21066281 S046 
Rocky Mountain Gambel Oak-
Mixed Montane Shrubland S 1 

3190726 S047 
Rocky Mountain Lower 
Montane-Foothill Shrubland S 1 

15653186 S048 
Western Great Plains Sandhill 
Shrubland S 1 

2854271 S050 

Inter-Mountain Basins 
Mountain Mahogany 
Woodland and Shrubland S 1 

4895531 S051 Madrean Encinal S 1 

12817278 S052 
Colorado Plateau Pinyon-
Juniper Shrubland S 1 

187301 S053 
Great Basin Semi-Desert 
Chaparral S 1 

121888526 S054 
Inter-Mountain Basins Big 
Sagebrush Shrubland S 1 

39589799 S055 
Great Basin Xeric Mixed 
Sagebrush Shrubland S 1 

2667450 S056 
Colorado Plateau Mixed Low 
Sagebrush Shrubland S 1 

12797442 S057 Mogollon Chaparral S 1 

35622085 S058 
Apacherian-Chihuahuan 
Mesquite Upland Scrub S 1 

14788848 S059 
Colorado Plateau Blackbrush-
Mormon-tea Shrubland S 1 

18737998 S060 
Mojave Mid-Elevation Mixed 
Desert Scrub S 1 

209706 S061 
Chihuahuan Succulent Desert 
Scrub S 1 
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30989574 S062 
Chihuahuan Creosotebush, 
Mixed Desert and Thorn Scrub S 1 

44532629 S063 
Sonoran Paloverde-Mixed 
Cacti Desert Scrub S 1 

88330969 S065 
Inter-Mountain Basins Mixed 
Salt Desert Scrub S 1 

6545410 S068 

Chihuahuan Stabilized 
Coppice Dune and Sand Flat 
Scrub S 1 

66239743 S069 
Sonora-Mojave Creosotebush-
White Bursage Desert Scrub S 1 

2856232 S070 
Sonora-Mojave Mixed Salt 
Desert Scrub S 1 

45766941 S071 
Inter-Mountain Basins 
Montane Sagebrush Steppe S 1 

13297282 S074 

Southern Rocky Mountain 
Juniper Woodland and 
Savanna F 4 

6238437 S075 
Inter-Mountain Basins Juniper 
Savanna F 4 

51153361 S077 

Apacherian-Chihuahuan 
Piedmont Semi-Desert 
Grassland and Steppe G 2 

2056522 S078 
Inter-Mountain Basins Big 
Sagebrush Steppe S 1 

52965352 S079 
Inter-Mountain Basins Semi-
Desert Shrub Steppe S 1 

894222 S080 
Chihuahuan Gypsophilous 
Grassland and Steppe G 2 

3087788 S081 Rocky Mountain Dry Tundra G 2 

2420040 S083 
Rocky Mountain Subalpine 
Mesic Meadow G 2 

11495454 S085 
Southern Rocky Mountain 
Montane-Subalpine Grassland G 2 

5662036 S086 
Western Great Plains Foothill 
and Piedmont Grassland G 2 

137185 S087 Central Mixedgrass Prairie G 2 

127042965 S088 
Western Great Plains 
Shortgrass Prairie G 2 

20500 S089 
Western Great Plains Sandhill 
Prairie G 2 

37436693 S090 
Inter-Mountain Basins Semi-
Desert Grassland G 2 
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3600188 S091 
Rocky Mountain Subalpine-
Montane Riparian Shrubland S 1 

326397 S092 
Rocky Mountain Subalpine-
Montane Riparian Woodland F 4 

2484742 S093 

Rocky Mountain Lower 
Montane Riparian Woodland 
and Shrubland F 4 

474565 S094 

North American Warm Desert 
Lower Montane Riparian 
Woodland and Shrubland S 1 

1911276 S095 
Western Great Plains Riparian 
Woodland and Shrubland S 1 

26491551 S096 
Inter-Mountain Basins 
Greasewood Flat S 1 

512521 S097 

North American Warm Desert 
Riparian Woodland and 
Shrubland S 1 

941033 S098 
North American Warm Desert 
Riparian Mesquite Bosque S 1 

1192848 S100 
North American Arid West 
Emergent Marsh G 2 

2179957 S102 
Rocky Mountain Alpine-
Montane Wet Meadow G 2 

3691 S103 
Temperate Pacific Montane 
Wet Meadow G 2 

2644 S105 
Mediterranean California 
Subalpine-Montane Fen G 2 

45250 S108 
Western Great Plains Saline 
Depression Wetland G 2 

49 S109 

Chihuahuan-Sonoran Desert 
Bottomland and Swale 
Grassland G 2 

900658 S111 

Madrean Upper Montane 
Conifer-Oak Forest and 
Woodland F 4 

24366429 S112 
Madrean Pinyon-Juniper 
Woodland F 4 

1166910 S113 
Chihuahuan Sandy Plains 
Semi-Desert Grassland G 2 

99285 S114 
Sonora-Mojave-Baja Semi-
Desert Chaparral S 1 

1105540 S115 Madrean Juniper Savanna S 1 
4942046 S116 Chihuahuan Mixed Salt Desert S 1 
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Scrub 
106396 S117 Coahuilan Chaparral S 1 

1541644 S118 

Great Basin Foothill and 
Lower Montane Riparian 
Woodland and Shrubland S 1 

935321 S120 

Western Great Plains 
Floodplain Herbaceous 
Wetland G 2 

127175 S121 
Mediterranean California Red 
Fir Forest and Woodland F 4 

23283 S122 

Sierra Nevada Subalpine 
Lodgepole Pine Forest and 
Woodland F 4 

261779 S123 

Mediterranean California 
Ponderosa-Jeffrey Pine Forest 
and Woodland F 4 

7065 S125 

Rocky Mountain Foothill 
Limber Pine-Juniper 
Woodland F 4 

59916 S128 
Wyoming Basins Low 
Sagebrush Shrubland S 1 

5994490 S129 
Sonoran Mid-Elevation Desert 
Scrub S 1 

996 S132 
Western Great Plains Tallgrass 
Prairie G 2 

35193 S134 
North Pacific Montane 
Grassland G 2 

7801256 S136 
Southern Colorado Plateau 
Sand Shrubland S 1 

2108567 S138 

Western Great Plains 
Mesquite Woodland and 
Shrubland S 1 

12467154 N11 Open Water Other 3 

8292206 N21 
Developed, Open Space - Low 
Intensity Other 3 

8444132 N22 
Developed, Medium - High 
Intensity Other 3 

1596376 N31 Barren Lands, Non-specific Other 3 
86459354 N80 Agriculture Other 3 
103075 D01 Disturbed, Non-specific Other 3 
2259267 D02 Recently Burned Other 3 
1378306 D03 Recently Mined or Quarried Other 3 
1851616 D04 Invasive Southwest Riparian S 1 
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Woodland and Shrubland 
3188108 D06 Invasive Perennial Grassland G 2 
800 D07 Invasive Perennial Forbland Fb 5 
9274299 D08 Invasive Annual Grassland G 2 

2942976 D09 
Invasive Annual and Biennial 
Forbland Fb 5 

950112 D10 Recently Logged Areas Other 3 

766046 D11 
Recently Chained Pinyon-
Juniper Areas Other 3 

57642 D14 Disturbed, Oil well Other 3 
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