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Executive Summary 

The Natural Resource Condition Assessment (NRCA) Program aims to provide documentation about 

current conditions of important park natural resources through a spatially explicit, multi-disciplinary 

synthesis of existing scientific data and knowledge. For a given NPS unit, NRCAs evaluate 

conditions for a representative subset of natural resources and resource indicators, reporting where 

possible on trends in resource condition. They also identify critical information gaps, and 

characterize a general level of confidence in study findings. The resources and indicators emphasized 

in a given NRCA project depend on the parkôs resource setting, status of resource stewardship 

planning and science in identifying high-priority indicators, and availability of data and expertise to 

assess current conditions for a variety of potential study resources and indicators. 

Great Basin National Park was established as a national park in 1986 providing a high quality and 

characteristic representation of the basin and range region. Such characteristic features include the 

gradient of cold desert shrubland to montane forests and woodlands to alpine environments. Ancient 

bristlecone pine woodland occurs up along the alpine fringe of the park. Given its relatively remote 

location, high air quality, visibility, and brilliant night skies are also featured. The park encompassed 

the Lehman Caves National Monument which was created in 1922 to preserve its outstanding cave 

resources. The NRCA for Great Basin National Park began in 2012 and 16 focal natural resources 

and ecological stressors were chosen for assessment. These assessments were arranged into four 

categories including landscape resources, upland resources and ecological integrity, aquatic resources 

and ecological integrity, and future landscape conditions. This project used a structured ecological 

integrity assessment framework to evaluate conditions of ecological resources. The framework 

applies most directly to two of the four thematic resources categories ï upland resources and aquatic 

resources ï because these are categories of ecological resources. Primary steps to apply this 

framework include: identifying the key ecological attributes for each focal resource on which to 

further focus assessment and subsequent management, identifying indicators for each key attribute 

for each resource, identifying an expected or reference range of variation for each indicator for each 

resource, and documenting the status and trends of each focal resource based on indicator data, 

comparing measured conditions to expected or reference conditions.  

Landscape Resources 

The landscape resources selected for assessment included air quality, viewsheds, night sky, and rock 

glaciers. Current conditions for air quality, viewsheds, and night skies at the park are some of the 

best in the country. Dark night skies and expansive vistas in and around the park draw many visitors 

annually. Their excellent condition results largely from the parkôs location in the Great Basin ï a 

region with generally little urban and industrial development and few sources of light or air pollution. 

Great Basin NP has a well-established, long-term monitoring program in place for air quality; and 

recent measurements by the Night Sky Program scientists provide excellent baseline data for future 

monitoring of night sky conditions.  

However air quality is of some concern due to the sensitivity of the parkôs ecosystems to pollutants; 

in particular nitrogen and sulfur deposition and elevated ozone levels. Regional haze affects long-
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distance views and has reduced the visual range. Views from the west-side of the park are affected by 

the Spring Valley Wind Farm, which contrasts with views of the surrounding rural landscape. Rock 

glaciers are another landscape resource in need of monitoring to detect potential effects of climate 

change. Increasing ambient temperatures could result in changes to the shape and size of these alpine 

glacial features. 

Upland Resources and Ecological Integrity 

Assessed upland resources and indicators included wildfire regime, aspen-mixed conifer forest, 

sagebrush steppe, and bighorn sheep. Introduced animals and plants, including wild turkey and 

invasive annual grasses, were also assessed. Upland resources vary in their condition and ecological 

integrity across the park and surrounding landscape. Current conditions reflect a long history of land 

use, where past grazing and fire suppression have had lasting effects on upland vegetation, including 

promoting or allowing the colonization of the park by non-native species. In most native plant 

communities, late successional vegetation stages are over-represented relative to earlier stages as a 

result of past suppression of natural wildfire. This condition has many cascading effects, such as 

limited tree species regeneration in aspen communities, or encroachment of other tree species into 

sagebrush communities. These effects limit the suitability of habitat for species such as bighorn 

sheep, likely limiting population viability. Introduced plant species, such as annual cheatgrass, can 

severely alter vegetation composition and fire regime, especially given the naturally great extent of 

sagebrush vegetation at lower elevations within and surrounding the park. Wild turkeys, introduced 

nearby for sport hunting, may be an increasing cause of concern for their effects on park resources. 

Reintroduction of historically characteristic fire regimes across most park vegetation represents one 

management response, and can be advanced in places through the safe use of prescribed burning. 

Challenges to the safe and effective management of fire within the park are many and significant, but 

taking actions to address the need for a more natural fire regime in the park will remain an important 

priority into the future. 

Aquatic Resources and Ecological Integrity  

Aquatic resources vary relatively little in their condition and ecological integrity across the park. The 

resources and indicators that were assessed included water quality, montane riparian woodlands, 

Bonneville cutthroat trout, cave and karst processes, and springs. These aquatic resources are all parts 

of a single hydro-ecological system shaped by the geology and topography of the South Snake 

Range. The dynamics of this hydro-ecological system are naturally driven by inputs of rain and 

snow. In turn, these dynamics are shaped by watershed cover and evapotranspiration, surface runoff 

and groundwater recharge from rainfall and snowmelt, groundwater flow and discharge through the 

parkôs bedrock fracture and karst geology, and the diversity of native terrestrial, riparian, semi-

aquatic, and aquatic species that have found their ways into the South Snake Range over many 

millennia. Changes in precipitation and air temperatures, deposition of atmospheric pollutants, 

chemical contamination from past land uses, alterations to watershed hydrology through surface 

development or changes in ground cover, surface water diversions and groundwater pumping, 

introductions of non-native aquatic species, and visitor traffic through caves all have the potential to 

alter the parkôs natural hydro-ecology both above and below ground. 
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The assessment found some evidence of changes in hydrologic inputs or in factors that shape 

watershed hydrologic function that result in altered hydrology within the park. Diversions take place 

from four springs and from one of the parkôs streams. A pipeline carries all of Snake Creekôs flow 

past a 3-mile (4.8-km) reach.  The pipeline interrupts the natural hydrologic processes of the creek 

and impacts aquatic resources, including fisheries, riparian vegetation, and karst processes. 

Groundwater pumping in the surrounding valleys does not presently affect springs and streams 

within the park, but could in the future. Riparian vegetation is in good condition throughout most of 

the park but encroachments of woody vegetation ï an issue across the parkôs upland plant 

communities as well ï is a matter of concern.  

Atmospheric deposition of nitrogen and sulfur compounds, which can disrupt aquatic chemistry and 

nutrient cycles, has declined for decades and now meets expectations for natural background 

deposition. On the other hand, the park continues to experience a high rate of atmospheric deposition 

of mercury, although there is no evidence that the mercury is bio-accumulating in the aquatic food 

web to harmful levels. The frequency with which water samples exceed water quality standards for 

supporting aquatic life has declined over time and the few remaining occurrences may reflect the 

unique geochemistry of the park rather than any contamination.  

Aquatic macroinvertebrate communities in the parkôs streams appear to be in good condition, 

showing no evidence of impacts from impaired water quality or physical habitat. And the park has 

carried out a highly effective program to restore the native Bonneville cutthroat trout along several 

streams, removing non-native trout from the restored stream sections at the same time.  

Finally, the processes that shape cave and karst ecology and geologic formations appear to be intact, 

except for possible effects from visitors through Lehman Caves. However, additional data are needed 

to evaluate these possible effects. Cave visitor usage varies over time and can have both direct and 

indirect effects on cave resource conditions, from direct damage to cave formations to changes in 

cave air humidity and chemistry that in turn affect cave species and geologic processes. 

Future Landscape Conditions 

Climate change has a number of potential effects on park resources and values that will require 

concentrated investment in monitoring over the upcoming decades. Climate projections indicate that 

in the region surrounding the park, increasing temperatures may also coincide with increasing 

precipitation. As compared with temperature variables, given inherent variability in precipitation 

patterns, interpreting past observations and future projections is much less certain. Model projections 

linking climate to hydrologic models indicate a slight decline in annual flow over upcoming decades. 

They also suggest shift to earlier snowmelt by up to 30 days, and modest change in snowpack and 

annual flow by the decade including 2060.  

The alpine environment faces high likelihood of significant exposure to climate change effects. 

Monitoring of alpine vegetation sample plots should assist with detecting trends in alpine plant 

composition. Phenology indicators, such as rattlesnake emergence and cutthroat trout spawning 

times, should also provide useful indicators for signaling biological responses to a changing climate. 
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Results of the NRCA will assist park staff with objectives including prioritzed management actions, 

Resource Stewardship Strategies and other management plans, support to interpretation of park 

resources and issues, and engagement in landscape-scaled partnership efforts. 
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1. NRCA Background Information 

Natural Resource Condition Assessments (NRCAs) evaluate current conditions for a subset of 

natural resources and resource indicators in national park units, hereafter ñparks.ò NRCAs also report 

on trends in resource condition (when possible), identify critical data gaps, and characterize a general 

level of confidence for study findings. The resources and indicators emphasized in a given project 

depend on the parkôs resource setting, status of resource stewardship planning and science in 

identifying high-priority indicators, and availability of data and expertise to assess current conditions 

for a variety of potential study resources and indicators.  

NRCAs represent a relatively new 

approach to assessing and reporting on 

park resource conditions. They are meant 

to complementðnot replaceðtraditional 

issue-and threat-based resource 

assessments. As distinguishing 

characteristics, all NRCAs: 

¶ Are multi-disciplinary in scope;1   

¶ Employ hierarchical indicator 

frameworks;2  

¶ Identify or develop reference conditions/values for comparison against current conditions;3 

¶ Emphasize spatial evaluation of conditions and GIS (map) products; 4 

¶ Summarize key findings by park areas; and 5 

¶ Follow national NRCA guidelines and standards for study design and reporting products.  

Although the primary objective of NRCAs is to report on current conditions relative to logical forms 

of reference conditions and values, NRCAs also report on trends, when appropriate (i.e., when the 

underlying data and methods support such reporting), as well as influences on resource conditions. 

These influences may include past activities or conditions that provide a helpful context for  

 
1 The breadth of natural resources and number/type of indicators evaluated will vary by park.  

2 Frameworks help guide a multi-disciplinary selection of indicators and subsequent ñroll upò and reporting of data for measures 

] conditions for indicators ] condition summaries by broader topics and park areas  

3 NRCAs must consider ecologically-based reference conditions, must also consider applicable legal and regulatory standards, 

and can consider other management-specified condition objectives or targets; each study indicator can be evaluated against one 

or more types of logical reference conditions. Reference values can be expressed in qualitative to quantitative terms, as a single 

value or range of values; they represent desirable resource conditions or, alternatively, condition states that we wish to avoid or 

that require a follow-up response (e.g., ecological thresholds or management ñtriggersò). 

4 As possible and appropriate, NRCAs describe condition gradients or differences across a park for important natural resources 

and study indicators through a set of GIS coverages and map products.  

5 In addition to reporting on indicator-level conditions, investigators are asked to take a bigger picture (more holistic) view and 

summarize overall findings and provide suggestions to managers on an area-by-area basis: 1) by park ecosystem/habitat types or 

watersheds, and 2) for other park areas as requested. 

NRCAs Strive to Provideé 

Credible condition reporting for a subset of 

important park natural resources and indicators 

Useful condition summaries by broader resource 

categories or topics, and by park areas 
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understanding current conditions, and/or present-day threats and stressors that are best interpreted at 

park, watershed, or landscape scales (though NRCAs do not report on condition status for land areas 

and natural resources beyond park boundaries). Intensive cause-and-effect analyses of threats and 

stressors, and development of detailed treatment options, are outside the scope of NRCAs.  

Due to their modest funding, relatively quick timeframe for completion, and reliance on existing data 

and information, NRCAs are not intended to be exhaustive. Their methodology typically involves an 

informal synthesis of scientific data and information from multiple and diverse sources. Level of 

rigor and statistical repeatability will vary by resource or indicator, reflecting differences in existing 

data and knowledge bases across the varied study components.  

The credibility of NRCA results is derived from the data, methods, and reference values used in the 

project work, which are designed to be appropriate for the stated purpose of the project, as well as 

adequately documented. For each study indicator for which current condition or trend is reported, we 

will identify critical data gaps and describe the level of confidence in at least qualitative terms. 

Involvement of park staff and National Park Service (NPS) subject-matter experts at critical points 

during the project timeline is also important. These staff will be asked to assist with the selection of 

study indicators; recommend data sets, methods, and reference conditions and values; and help 

provide a multi-disciplinary review of draft study findings and products. 

NRCAs can yield new insights about current park resource conditions, but, in many cases, their 

greatest value may be the development of useful documentation regarding known or suspected 

resource conditions within parks. Reporting products can help park managers as they think about 

near-term workload priorities, frame data and study needs for important park resources, and 

communicate messages about current park resource conditions to various audiences. A successful 

NRCA delivers science-based information that is both credible and has practical uses for a variety of 

park decision making, planning, and partnership activities. 

 

However, it is important to note that NRCAs do not establish management targets for study 

indicators. That process must occur through park planning and management activities. What an 

NRCA can do is deliver science-based information that will assist park managers in their ongoing, 

Important NRCA Success Factors 

Obtaining good input from park staff and other NPS subject-matter experts at 

critical points in the project timeline  

Using study frameworks that accommodate meaningful condition reporting at 

multiple levels (measures ] indicators ] broader resource topics and park 

areas) 

Building credibility by clearly documenting the data and methods used, critical 

data gaps, and level of confidence for indicator-level condition findings  
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long-term efforts to describe and quantify a parkôs desired resource conditions and management 

targets. In the near term, NRCA findings assist strategic park resource planning6 and help parks to 

report on government accountability measures.7  In addition, although in-depth analysis of the effects 

of climate change on park natural resources is outside the scope of NRCAs, the condition analyses 

and data sets developed for NRCAs will be useful for park-level climate-change studies and planning 

efforts. 

NRCAs also provide a useful complement to rigorous NPS science support programs, such as the 

NPS Natural Resources Inventory & Monitoring (I&M) Program.8 For example, NRCAs can provide 

current condition estimates and help establish reference conditions, or baseline values, for some of a 

parkôs vital signs monitoring indicators. They can also draw upon non-NPS data to help evaluate 

current conditions for those same vital signs. In some cases, I&M data sets are incorporated into 

NRCA analyses and reporting products.  

 

 
6An NRCA can be useful during the development of a parkôs Resource Stewardship Strategy (RSS) and can also be tailored to act 

as a post-RSS project. 

7 While accountability reporting measures are subject to change, the spatial and reference-based condition data provided by 

NRCAs will be useful for most forms of ñresource condition statusò reporting as may be required by the NPS, the Department 

of the Interior, or the Office of Management and Budget.  

8 The I&M program consists of 32 networks nationwide that are implementing ñvital signsò monitoring in order to assess the 

condition of park ecosystems and develop a stronger scientific basis for stewardship and management of natural resources 

across the National Park System. ñVital signsò are a subset of physical, chemical, and biological elements and processes of park 

ecosystems that are selected to represent the overall health or condition of park resources, known or hypothesized effects of 

stressors, or elements that have important human values. 

NRCA Reporting Productsé 

 Provide a credible, snapshot-in-time evaluation for a subset of important park natural 

resources and indicators, to help park managers: 

Direct limited staff and funding resources to park areas and natural resources that represent 

high need and/or high opportunity situations  

(near-term operational planning and management) 

Improve understanding and quantification for desired conditions for the parkôs ñfundamentalò 

and ñother importantò natural resources and values 

(longer-term strategic planning) 

Communicate succinct messages regarding current resource conditions to government program 

managers, to Congress, and to the general public  

(ñresource condition statusò reporting)  
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Over the next several years, the NPS plans to fund an NRCA project for each of the approximately 

270 parks served by the NPS I&M Program. For more information on the NRCA program, visit 

http://www.nature.nps.gov/water/NRCondition_Assessment_Program/Index.cfm. 

 
Great Basin National Park Location

http://www.nature.nps.gov/water/NRCondition_Assessment_Program/Index.cfm
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2. Introduction and Resource Setting 

2.1. Introduction 

2.1.1. Enabling Legislation 

The enabling legislation for the park (Public Law 99-565) states: 

In order to preserve for the benefit and inspiration of the people a representative segment of the 

Great Basin of the Western United States possessing outstanding resources and significant 

geological and scenic values, there is hereby established the Great Basin National Park. 

 

Great Basin National Park's enabling legislation is based on the Organic Act of 1916, stating that the 

mission of the National Park Service is to: 

... conserve the scenery and the natural and historic objects and the wild life therein and to 

provide for the enjoyment of the same in such manner and by such means as will leave them 

unimpaired for the enjoyment of future generations. 

2.1.2. Geographic Setting 

The hydrologic Great Basin encompasses nearly all of Nevada, parts of western Utah and small 

portions of California, Oregon and Idaho - roughly 200,000 mi2 (517,998 km2) of arid basins and 

rugged, isolated mountain ranges. On October 27, 1986, 77,180 acres (312 km2) of this region was 

set aside as Great Basin National Park (Great Basin NP), enlarging the previous Lehman Caves 

National Monument of 640 acres (2.6 km2), which had been established in 1922. 

Great Basin National Park is located in east central White Pine County, Nevada near the Utah border, 

and encompasses 77,180 acres (312 km2) of the southern Snake Range1. Wheeler Peak, at 13,063 

feet (3,982 m) the centerpiece of Great Basin NP, overlooks two expansive basins ï Spring Valley to 

the west and Snake Valley to the east. However, Great Basin NP includes only 80 acres (32 ha) of the 

basin environment, and that only as an administrative site. The park is surrounded by Bureau of Land 

Management (BLM) and private lands. 

The park is 300 miles (480 km) north of Las Vegas, 250 miles (400 km) southwest of Salt Lake City, 

and only a few miles south of U.S. Highway 50. The nearest town is Baker, Nevada where a visitor 

center is located. Some 65 miles (105 km) to the west, the town of Ely provides major services and 

Delta, Utah, is 90 miles (145 km) to the east. 

Great Basin NP is located within the central Great Basin province of alternating north-south trending 

mountains and valleys. Extending from a low of 5,287 feet (1,611 m) elevation just north of the town 

of Baker, to a high of 13,063 feet (3,982 m) elevation at the summit of Wheeler Peak, the park 

contains a wide variety of natural resources characteristic of the Great Basin. The South Snake Range 

                                                   

1 Material describing park natural resources was excerpted from the 1999 GRBA Management Plan and then 

updated. 
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is the most southeastern of the ranges in the Great Basin with large expanses of terrain above 10,000 

feet (3,048 m) and a peak over 13,000 feet (3,962 m) in elevation. The South Snake Range also sits 

relatively far from the rain shadow of the Sierra Nevada Range and relatively close to humid 

atmospheric circulation from the Gulf of California. 

The topography results from tectonic extensions that created a north-south fault block mountain 

range and exposed limestones, shales, dolomites, and quartzites. A rock glacier exists at the base of 

Wheeler Peak, the remnant of what was once one of the largest glaciers in the central Great Basin. 

There are 13 mountain peaks above 10,000 feet (3,048 m), including seven above 11,000 feet (3,353 

m) and four peaks over 12,000 feet (3,658 m). The South Snake Range slopes gradually toward the 

east and steeply toward the west. 

Soil types, climate, and vegetation are all vertically zoned and affected by solar exposure. There is a 

wide diversity of soil types from alluvium, aridisols to lithosols and tundra soils, controlled as much 

by bedrock geology and exposure as by elevation. Vegetation type varies from middle latitude desert 

at 5,000 to 6,500 feet (1,524 to 1,981 m) elevation to alpine tundra at 11,000 to 13,000 feet (3,353 to 

3,962 m) elevation. Summer temperatures range from 85 to 105 °F (29 to 41 °C) in the valleys to 55 

to 65 °F (13 to 18 °C) on the mountain ridges. The corresponding precipitation ranges from an 

average annual rainfall of 6 inches (15 cm) in the valleys to 30+ inches (76+ cm) on the mountain 

ridges. For the park overall, average annual rainfall is 12.9 inches (33 cm). January temperatures at 

Lehman Caves, 6,825 feet (2,080 m) elevation, may vary from -10 °F to 40+ °F (-23 °C to 4 °C). 

2.1.3. Historical Setting 

Archeological resources identified at Great Basin National Park include prehistoric artifact scatters, 

extensive rock art sites, and caves or rockshelters, some with substantial midden deposits. A number 

of historic period sites have archeological deposits worthy of further investigation. Prehistoric 

occupation of the park extends from the Paleo-Indian Period (12000 B.C. to 9000 B.C.) through the 

Great Basin Desert Archaic (9000 B.C. to A.D. 500) and the Fremont (A.D. 500 to 1300) to the 

Western Shoshone Period (A.D. 1300, to Euro-American cultural expansion). The year 1869 

witnessed the beginning of European settlement in Snake and Spring valleys and the establishment of 

six mining districts in the area of present-day Great Basin National Park. Early ranching and farming 

in the valley started in the mid-1800s. Absalom Lehman founded his "Cave Rancheò shortly after his 

discovery of the caves in 1885. He ranched and farmed, providing much needed food and vegetables 

for the area miners. He started an orchard. A few peach and apricot trees that date back to the 1880s 

remain and produce fruit to this day. The local communities are still approximately the same size as 

they were one hundred years ago. Government (county, state, and federal), tourism, ranching, and 

mining are the primary economic drivers of the area. 

2.1.4. Visitation Statistics 

Lehman Caves National Monument was created in 1922, and visitor data go back to 1934. Visitation 

until after World War II was less than 5,000 people per year. Visitation grew steadily in the 1950s 

and 1960s (Figure 1). In 1987, the year after Great Basin National Park was created, visitation 

jumped over 23,000 people to 63,532 visitors. The highest number of visitors recorded in one year 

was 107,526 in 2014 (NPS Public Use Statistics Office 2015). 
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Figure 1. Annual number of recreational visitors to Lehman Caves NM/Great Basin NP, 1934-2013 (NPS 
Public Use Statistics Office 2014). 

Data on visitation by month are tabulated for 

1979-2013. In every year during this 34-year 

period, the number of visitors peaked in June-

August. Throughout this time period, 55% of 

visitors came to the park in summer, just 4% in 

winter, and the rest split nearly evenly between 

spring and autumn (Figure 2). Data for just 

2013 reflected this trend, with a slight increase 

in winter visitors to 5%. 

2.2. Natural Resources 

An overview of the parkôs ecological units is 

given in Section 2.2.1. A summary of the 

natural resources at Great Basin NP is 

presented in Section 2.2.2 representing the 

information known prior to the completion of 

this condition assessment. A myriad of data 

were gathered and compiled throughout this 

assessment process as a result of the meetings, consultations, and literature reviews pertaining to 

each natural resource topic. Therefore, some of the information presented in Section 2.2 may have 

been included in subsequent chapters or omitted depending upon new findings. 
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Figure 2. 1979-2013 recreational visitors to Lehman 
Caves NM/Great Basin NP by season (NPS Public 
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2.2.1. Ecological Units, Watersheds, and Management Zones 

With just under 8,000 feet (2,438 m) of topographic relief, the park is host to a diverse array of plant 

communities, wildlife, and aquatic habitats (Figure 3). The vegetation across the lower elevations in 

the park includes saltbush and sagebrush-grass communities. The foothills and lower montane zones 

include extensive pinyon-juniper and mountain mahogany woodlands, wet meadows, and woodlands 

along riparian zones. Still higher are aspen-mixed conifer forests, montane sagebrush steppe, and 

subalpine spruce forests, extending up to limber pine-bristlecone woodland and alpine tundra. 

 

Figure 3. Watersheds and dominant vegetation types of Great Basin National Park  (vegetation inventory 
source: Cogan et al. 2012).  

The park has been divided into watersheds based on topography. These are twelve 6th-level 

watersheds, and are useful for looking at information on a more detailed basis. 

The Parkôs General Management Plan (GMP) divided the park into seven management zones (Figure 

4). Each zone has different management actions permitted, as detailed in the GMP. The largest 

management zone, Primitive, includes nearly half of the park area, and little or no development 

would occur in this area. Semi-primitive, with more backcountry use and trails, (30%) and Protected 
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Natural Area, areas with special resource needs and concerns, (12%) encompass the next two largest 

proportions. Research natural areas include 3.4%; primitive day-use areas include 2.2%; and rural 

subzone, which provides opportunities for fishing, hiking, and dispersed camping, make up 2% of the 

park surface. The modern zone, encompassing the Lehman Caves Visitor Center area, along with the 

Wheeler Peak Scenic Drive and Baker Creek road and adjacent campgrounds and picnic areas, 

includes just 1.8% of the park. 

 

Figure 4. Management zones of Great Basin National Park.  

2.2.2. Resource Descriptions 

The following resource descriptions are presented in the same order as they are in Chapter 4. 

Represented below is the basic information known before the natural resource condition assessment 

was completed. Chapter 4 includes references for the information found. 

  



 

10 

 

Landscape Resources 

Air Resources (Air Quality, Viewsheds, Night Skies) 

Many national parks established prior to the Clean Air Act of 1977 are afforded the greatest air 

quality protection with Class I airshed designation2. Great Basin NP has a Class II airshed 

designation, yet still enjoys some of the best air quality in the contiguous United States with visibility 

often extending 120+ miles (193+ km) (mean standard visual range).  Scenic vistas are an integral 

part of interpreting the basin and range landscape, particularly since the enabling legislation allows 

for the NPS to assume a coordinating role for interagency interpretation of the Great Basin 

physiographic province.  

Visitors to the high elevations of Great Basin NP can enjoy vistas of vast expanses of high desert 

valleys interspersed with numerous north-south oriented mountain ranges.  

The night sky is another example of the importance of excellent air quality to the integrity of the park 

and visitor experience. The park has recently developed numerous night sky programs and is 

pursuing the installation of an observatory with the Great Basin National Park Foundation. 

Glacier Resources 

Great Basin NP contains the partial remnants of one ice glacier, above the Wheeler Peak rock glacier 

(Osborn and Bevis 2001). This glacier was first identified in 1883 by William Eimbeck, who was 

installing a heliograph station on Wheeler Peak. The park also has at least seven rock glaciers 

(Graham 2014). Rock glaciers are ice-masses covered with rock, mostly Prospect Mountain Quartzite 

falling from the surrounding cirque walls. The rock glaciers may form distinct lobes. The park also 

contains various glacial features such as cirques and moraines. Despite having many glacial 

resources, few studies have focused on them, and it is unlikely that the rock glaciers are a significant 

hydrologic resource.  

Upland Resources 

Wildfire 

Wildfire is a natural part of the ecosystems in the park. However, fire suppression has occurred since 

the late 1800s. The exclusion of fire in areas has allowed for encroachment of pinyon pine trees in 

sagebrush areas and white firs in aspen areas. Fire suppression has led to a preponderance of late-

successional woody plant communities, which are more susceptible to catastrophic fires and insect 

outbreaks. The expansion of cheatgrass (Bromus tectorum) into the parkôs lower elevations has the 

potential of dramatically changing the fire regime in the sagebrush steppe systems possibly resulting 

in these systems transitioning into annual grasslands. 

  

                                                   

2
 The 1977 Clean Air Act amendments designated Class I areas based on these criteria:   the following areas that 

were in existence as of August 7, 1977 - national parks over 6,000 acres (2,428 ha), national wilderness areas and 

national memorial parks over 5,000 acres (2,023 ha), and international parks.  
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Aspen-Mixed Conifer Forest 

Aspen-mixed conifer forests are found at mid to upper elevations in the park. The mixed conifer 

component consists primarily of white fir and Douglas-fir, with diverse understories. This habitat 

currently has an ecological departure of 66 percent, indicating that much of the aspen has 

disappeared as the mixed conifers have formed a closed-canopy forest (Provencher et al. 2010). 

Wild Turkey 

Wild turkeys were introduced by NDOW in the early 2000s outside the park. The turkeys quickly 

entered the park, and their numbers continue to increase and they have spread across multiple park 

drainages and can be found up to 10,000 feet (3,048 m) in elevation. Their effects on native species 

in the park have not been studied.  

Invasive Annual Grasses 

Invasive annual grasses have moved into the park, especially along road corridors. Of particular 

interest is cheatgrass (Bromus tectorum), an invasive exotic annual, which started moving into the 

park in the mid-1900s. It is now commonly found below 8,000 feet (2,438 m), and sometimes as high 

as 10,000 feet (3,048 m). Cheatgrass replaces native grasses, decreases food resources for wildlife, 

and increases the fire frequency of an area.  

Bighorn Sheep 

The last observation of native bighorn sheep in the South Snake Range was recorded in 1972. The 

Nevada Department of Wildlife (NDOW) considered bighorn sheep extirpated from the Snake Range 

by 1975. Twenty Rocky Mountain bighorn sheep from Colorado were reintroduced to the South 

Snake Range in 1979 and 1980. A bighorn sheep telemetry study was initiated in 2009 by the park 

and NDOW. A total of 16 bighorn (64% of the estimated population) have been collared in the South 

Snake Range to determine herd size, disease status, home ranges, survival, lambing range and winter 

range. Herd size is estimated between 20-25 individuals, similar to the number of bighorn that were 

originally reintroduced 34 years ago. Disease testing of collared bighorn revealed the South Snake 

Range population to be the only Mycoplasma ovipneumoniae-free herd of Rocky Mountain bighorn 

sheep in Nevada. GIS modeling suggests that habitat quantity is not a limiting factor in the South 

Snake Range. Rather, proximity to domestic sheep, mountain lion predation, and habitat quality are 

the limiting factors to a viable bighorn sheep population. 

Sagebrush-Steppe 

Sagebrush-steppe includes low sagebrush steppe (420 acres (170 ha)), montane sagebrush steppe-

upland (12,710 acres (5,144 ha)), and montane sagebrush steppe-mountain (940 acres (380 ha)). The 

first two have moderate ecological departure, while the third is only slightly departed from its 

historical range of variation (Provencher et al. 2010). For all three systems, ecological departure is 

the result of a paucity of early successional stages, a consequence of changes in the fire regime. 

Ten years of small mammal surveys have been completed to determine the effects of sagebrush 

restoration (through the removal of encroaching conifers) on small mammal density and diversity. 

Mark-recapture surveys in Lehman Flat began in 2004. Surveys targeting high-value habitat types 

including sagebrush steppe, riparian, aspen and subalpine grassland habitat were conducted between 
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2007 and 2012 in thirteen park watersheds. Trapping has documented twenty-three species, including 

two small mammal species listed as NPS species of management concern. 

Aquatic Resources 

Water Resources 

Ten permanent streams originate in the park between 6,200 and 11,000 feet (1,890 and 3,353 m) 

elevation and are fed by numerous springs along their courses. The perennial reaches of these 

streams average 5 miles (8 km) in length. Six streams flow eastward into Snake Valley, and four 

drain westward into Spring Valley. The largest streams, Strawberry, Lehman, Baker, Snake, South 

Fork Big Wash, originate from the Baker/Wheeler/Washington Peak areas. Most of the streams 

gradually percolate into the alluvium and/ or evaporate before reaching the adjacent valleys. Snake 

Creek contains a 3 mile-long (4.8 km-long) water pipeline diversion system in the park, built to 

bypass a losing stream reach over karst terrain and deliver water to the town of Garrison. The Park 

also contains six sub-alpine lakes averaging 3 acres (1.2 ha) in size, of which Baker Lake supports 

non-native introduced salmonid populations. 

Periodic water quality monitoring has taken place since 1999, as part of the Bonneville cutthroat 

trout reintroduction project and the NPS Inventory and Monitoring protocol for Streams and Lakes. 

A year-long water quality baseline was conducted in 2007 on a subsample of the parkôs lakes, 

streams, springs, and cave water sources (Horner et al. 2009). 

Montane Riparian Woodlands 

The South Snake Range contains more than 33 watersheds, 25 of which occur mostly within Great 

Basin NP. Ten of the latter contain streams with one or more perennial reaches that support corridors 

of riparian vegetation. Headwater elevations for perennial flows range from a low of 7,598 feet 

(2,316 m) for South Fork Big Wash to a high of 10,213 feet (3,113 m) for Baker Creek. Intermittent 

stream reaches in other watersheds also support riparian plant communities, including Can Young 

Canyon and Arch Canyon at the head of the South Fork of Lexington Creek. 

The montane riparian plant communities of the park consist of two broad types: the Rocky Mountain 

Subalpine-Montane Riparian Woodland and Shrubland/Stream; and the Great Basin Lower Montane-

Foothill Riparian Woodland and Shrubland/Stream system types. As is typical throughout the Great 

Basin, riparian communities occupy a very small fraction of the area of the park but contribute 

greatly to its biological diversity. Cold-air drainage, topographic shading, the presence of running 

water, and high water tables support distinctive assemblages of plants that tolerate or require moist 

soils and cooler, more humid microenvironments. Evapotranspiration and shading by the riparian 

vegetation itself helps maintain these microenvironments. Disturbances caused by irregular pulses of 

runoff that reshape alluvial soils contribute to the diversity of riparian plant communities. 

Bonneville Cutthroat Trout 

Among the native aquatic fauna of the park, Bonneville cutthroat trout (BCT) receive the most 

attention. BCT are native to the Bonneville Basin of eastern Nevada and western Utah. BCT in the 

State of Nevada have experienced major declines caused by natural and human related changes. This 

subspecies was once native in the streams of Great Basin NP but was extirpated from most of its 



 

13 

 

assumed historic range in Great Basin NP due to the introduction of non-native salmonids. There 

were 25+ miles (40+ km) of historical but unoccupied Western BCT stream habitat when Great 

Basin NP was established. The Park has the potential to provide over 24% of the stream corridor (by 

length) needed for BCT recovery in Nevada (Baker et al. 2008). In 1999, the park prepared a 

reintroduction plan and initiated a multi-year process that reestablished Bonneville cutthroat trout in 

historic habitat within the park, including South Fork Big Wash, Upper Snake Creek, Strawberry 

Creek, and upper South Fork Baker Creek. BCT are also found in Pine and Ridge Creeks, on the west 

side of the range, and Mill Creek. Multiple genetic analyses have shown these populations to be pure 

BCT, as well as all reintroductions to date. Non-salmonids that most likely existed with BCT in 

many of these creeks included mottled sculpin, speckled dace, and redside shiner, and some 

reintroduction attempts of those species have been made with varied success. 

Fishing is authorized in the enabling legislation in cooperation with the Nevada Department of 

Wildlife (NDOW). Fish stocking of brook, brown, rainbow, and Lahontan cutthroat trout have 

historically occurred in Lehman, Strawberry, Baker, and Snake Creeks plus two of the six sub-alpine 

lakes, Baker and Johnson. NPS policy prohibits the artificial stocking of non-native fishes in natural 

management zones, thus no stocking of fish has been allowed since the creation of the park in 1986.  

Cave/Karst Resources 

Lehman Cave displays a wide variety of beautiful formations and is the single-most visited attraction 

in the park. The cave is formed in Middle Cambrian Pole Canyon Limestone. Lehman Cave is 

famous throughout the world for its concentration of cave formations, particularly the abundance of 

cave shields; a rare calcite formation. It is the longest cave in Nevada, at approximately 1.5 miles 

(2.4 km) long. The cave contains several endemic species, including the Lehman Cave 

pseudoscorpion (Microcreagris grandis), which is only known to the South Snake Range. The cave 

is regularly used for paleoclimate research as well as other studies. It is believed to have formed from 

both epigenic (surface water) and hypogenic (deep water) processes (Graham 2014). 

In addition to Lehman Caves, there are 45 other known caves in the park. These other caves include 

the highest elevation and deepest caves in the state of Nevada. Some are small and dusty, while 

others have maze-like passages and include streams. Physical cave inventories have been conducted 

in nearly all the caves, while biological cave inventories have been conducted in about half of the 

caves. 

Great Basin NP contains over 30,000 acres (12,100 ha) of karst geology with a high potential for 

harboring additional cave resources. The karst consists primarily of limestones and dolomites, and is 

found primarily in the southern section of the park. This area of the park lacks many springs and 

streams due to the porous rock. A karst area in the Baker Creek watershed contains some of the most 

highly developed known karst drainage networks in the park (NPS 2006). 

Springs 

Great Basin NP has over 400 perennial springs, many discovered during a 2003-04 survey. The 

largest spring is Rowland Spring in the Lehman Creek watershed, with a mean annual discharge of 

approximately 3.5 cubic feet per second. Some springs may be susceptible to groundwater 
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withdrawal outside the park (Elliot et al. 2006), which could in turn affect the plants and animals that 

depend on that spring. 

Future Landscape Conditions 

Climate Change Effects 

Climate change in the Great Basin over the past 100 years includes gradually warming temperatures 

and slightly increased overall precipitation, but decreased snow fall (Chambers et al. 2008). More 

extreme weather events, such as floods, are expected due to climate change. Plants and animals that 

require cooler temperatures are expected to disperse upslope or to other cooler portions of the park. 

Projects in the park that have encompassed climate change components include small mammal 

surveys, GLORIA mountaintop vegetation and temperature monitoring, and numerous researcher 

studies. 

Additional Wildlife Resources (not specifically covered in Chapter 4) 

The wide elevation gradients at Great Basin NP support a diversity of vegetative habitats, which in 

turn support a wide diversity of wildlife. The Snake Range contains five of the seven Merriam Life 

Zones of North America. Thus, the list of animal species occurring in and around the park is quite 

large compared to other mountain ranges in the Great Basin. The species list consists of 72 

mammals, 238 birds, 14 reptiles, seven fish, and one amphibian.  

Remote camera inventories to document carnivores and NPS species of management concern have 

been ongoing since 2002. A more intensive sampling protocol was established in 2010 to monitor 

mesocarnivores. A total of 29 species and four NPS species of management concern have been 

documented. Remote cameras are also used to monitor trespass livestock and the timing of yellow-

bellied marmot emergence. 

Rattlesnake telemetry studies were initiated in 2009 when three Great Basin rattlesnakes were 

implanted with radio transmitters. A total of 37 snakes have been implanted and their movements 

tracked to document hibernacula locations, life history information, home ranges, effects of short 

distance translocations, and recidivism rates to capture sites and hibernacula.  

The park and Mojave Desert Inventory and Monitoring Network have initiated a long-term 

macroinvertebrate inventory program and is currently using the information to assess ecosystem 

health. To date over 100 taxa have been documented and quantified in the lakes, streams, and springs 

of the park. Surveys for aquatic mollusks were initiated in 1999, with several species identified in the 

park including the springsnail Pyrgulopsis kolobensis. Several insect groups (Coleoptera, Orthoptera, 

Hymenoptera, Diptera, and Arachnids) have been surveyed during BioBlitzes, adding nearly 200 

families to the parkôs list.  

Sensitive, Threatened, and Endangered Species 

No federally-listed species are found in the park. However, the park contains some species listed by 

the state as S1 species. These are species that, within the state of Nevada, are considered critically 

imperiled and especially vulnerable to extinction or extirpation due to extreme rarity, imminent 

threats, or other factors. These species are Snake Range whitlowcress (Draba oreibata var. 
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serpentina), Wheeler Peak whitlowcress (Draba pedicellata var. wheelerensis), Holmgren 

buckwheat (Eriogonum holmgrenii), Mount Moriah beardtongue (Penstemon moriahensis), Lehman 

Cave pseudoscorpion (Microcreagris grandis), and Bonneville cutthroat trout (NNHP 2010). The 

park also maintains a list of Species of Management Concern (Appendix A). 

2.2.3. Resource Issues Overview 

Great Basin NP has numerous past activities or conditions that influence current park conditions. 

This section provides a brief introduction to resource condition threats or stressors identified as being 

ñof concernò in terms of potential risk or harm to important park resources. These are explored in 

more detail in Chapter 4. Some have already been mentioned in Section 2.2. 

Air pollutants include sulfates, nitrates, ozone, mercury, and particulates. These could come from 

vehicles, mines, coal-fired power plants, or other sources, both near to and far from the park. The 

pollutants can affect air quality, water quality, and health of wildlife, vegetation, and humans. 

Development both in and out of the park can affect park resources. Primary development issues at 

this time are wind farms, groundwater development projects, additional roads, commercial 

overflights, and additional lights. Effects of development include impacts to visual resources, 

increased noise and light pollution, more dust and particulates, change in vegetation types to allow 

greater fire frequency, and disruption of wildlife migratory routes and foraging areas. 

Fire suppression over the last 120 years has led to a change in the seral state of many of the habitat 

types in the park. Aspen stands in particular are often invaded with white fir and have low 

recruitment rates absent fire. Fire suppression has also allowed a high forest floor fuel load. Little 

regeneration of ponderosa pines, which depend on fire to release seeds, has been seen in the park. 

Water issues are many, given that the park is located in the Great Basin Desert and water is a scarce 

resource. Primary concerns are water rights, diversions, groundwater pumping adjacent to the park 

that could affect park water resources, and road maintenance, which may introduce additional gravel 

or sediment into the stream. These stressors can cause loss of riparian habitat, interruption of 

groundwater recharge, and increased erosion. More information is provided in Chapter 4. 

Non-native animals that live in the park include brook, brown, rainbow and Lahontan cutthroat trout, 

which were introduced into park streams and displaced native fish species. Non-native turkeys roost 

outside the visitor center for part of the year, and in the summer can be found in all the park 

campgrounds. Wild horses are a non-native species found in the surrounding mountain ranges. The 

Mountain Home Range to the south of the park has a large herd (Sulphur Herd). As the herds expand, 

it is likely that they will enlarge their territory and come into the park, potentially displacing native 

species. 

Non-native cattle and sheep illegally graze in the park. Livestock have grazed on the South Snake 

Range since the 1870s. Legal cattle grazing ceased in 1999 and legal sheep grazing in 2008. Effects 

of both wild and domestic ungulate grazing include decreased bank stability along streams, loss of 

early seral stages of aspen due to excessive browsing of aspen suckers, and trampling of sensitive 
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species, especially in wetland areas. Domestic sheep can also carry diseases and transmit them to 

bighorn sheep, as well as decrease forage and water available to native species. 

In addition to non-native animals, non-native plants are also found in the park, including the 

aforementioned cheatgrass. Some of the other 40+ species of non-native plants include highly 

aggressive species like musk thistle (Carduus nutans), spotted knapweed (Centaurea maculosa), and 

bull thistle (Cirsium arvense). 

Human use of the park may stress some park resources. Lint falls from visitorsô clothing during tours 

of Lehman Cave and may stick to and alter speleothem formation. It also provides an unnatural 

nutrient source to cave biota. Lights in the cave allow for the growth of lamp flora (algae, mosses, 

and bacteria), which also can impact cave resources. Visitors may trample invertebrates or cause 

intentional or accidental physical damage to speleothems. In addition, humans may transmit diseases 

or pathogens to the cave environment, such as Pseudogymnoascus destructans, a fungus which 

causes white-nose syndrome in bats. 

The location of park campgrounds in wetland areas may alter wildlife use of these rare habitats. 

Social trails can compact soils. Visitors may intentionally or unintentionally introduce non-native 

species to the park, such as insects or diseases from firewood brought in from other areas, non-native 

fish or bait, and domestic animals. Road mortality, poaching, and intentional killing are additional 

threats to park wildlife. 

2.3. Resource Stewardship 

2.3.1. Management Directives and Planning Guidance 

The natural resource management objectives for Great Basin NP identified in the General 

Management Plan (GMP), 1993, are to: 

1) Manage the park to maintain the greatest degree of biological diversity and ecosystem integrity 

within the provisions of the authorizing legislation. 

a) Eliminate or mitigate any impacts that threaten biological resources. 

b) Determine the extent of plant and animal diversity, monitor changes that are occurring and 

identify the sources of change; eliminate or mitigate any identified adverse impacts, 

recognizing that native populations fluctuate naturally. 

c) Monitor and evaluate biological diversity in relation to the influences of major climatic and 

environmental change, particularly those caused by man. 

d) Protect threatened, endangered, and endemic species and restore them within their natural 

ranges. 

e) Manage the grazing program to minimize effects on natural process to adhere to the best 

range management practices with an emphasis on protecting sensitive species. 

2) Determine the natural role of wildland fire in the South Snake Range ecosystem, and manage the 

park to restore and maintain this process. 

a) Develop an action plan for fire management. 



 

17 

 

3) Maintain the pristine quality of the air, water, geologic and scenic resources in the park. 

a) Establish a baseline to determine resource conditions, monitor changes, and identify sources 

of change; eliminate or mitigate any human-caused caused impacts that threaten abiotic and 

scenic park resources. 

b) Restore previously disturbed and abandoned areas (sites of mining activity, undesignated 

roads and trails, etc.) to natural conditions. 

4) Preserve and protect caves and cave systems in the park. 

a) Identify, inventory, and classify caves and cave systems, and eliminate or mitigate impacts on 

cave resources. 

b) Avoid potentially harmful development in, above, or adjacent to caves unless it can be 

demonstrated that such development would not significantly affect natural cave conditions. 

5) Allow only those recreational activities that contribute to understanding and appreciation of the 

park's resources and only to the extent that natural, cultural, and scenic values are not impaired. 

6) Establish and maintain a broad spectrum of management zones and subzones to avoid limiting 

visitor use to the extremes of paved and primeval. 

7) Develop an interpretive initiative, including facilities, programs, and activities, that makes Great 

Basin NP the primary area for interpreting the theme of the Great Basin physiographic region. 

8) Provide a sense of anticipation for visitors before they reach the park. 

9) Locate NPS management facilities outside park boundaries whenever the management functions 

can be adequately supported from such locations. 

10) Work with local communities and assist them in meeting community goals. 

11) Work with adjacent communities to help them maximize economic benefits. 

2.3.2. Status of Supporting Science 

The Mojave Desert Network Inventory and Monitoring Program (MOJN) includes Great Basin NP 

and currently monitors streams and lakes and integrated upland vegetation and soils. Air quality and 

climate are also vital signs that are monitored, but funded by separate programs. Additional vital 

signs that are planned to be developed and implemented in the next ten years are riparian vegetation, 

riparian birds, invasive plants, fire and fuel dynamics, and landscape dynamics (Chung-MacCoubrey 

et al. 2008). Protocols have been postponed for the vital signs small mammals, reptile communities, 

and at-risk populations. 

The park also conducts other inventory and monitoring including quarterly sampling of Lehman 

Cave invertebrates, rattlesnake telemetry, small mammal surveys, remote camera surveys, invasive 

plant surveys, the GLORIA resurveys on mountain tops, annual BioBlitzes focusing on invertebrates, 

bighorn sheep telemetry, and Christmas Bird Counts. 

Researchers have contributed to the supporting science for the park in many fields, including climate 

change using lake sediment cores, bristlecone tree rings, stalagmites, and climate stations; botany, 

including phenology, forest inventories, and characterizing Castilleja spp., Potentilla spp., Pinus 
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spp., and more; geology, including paleontology and characterizing the basin and range formation; 

hydrology, including water quality and quantity, dye tracing, and impacts of dust; entomology, 

including looking for the presence of whiteflies, scale insects, gypsy moths, Jerusalem crickets, and 

characterization of pseudoscorpions and woodboring beetles; cultural resources, including 

ethnography and dendographs; fire ecology; wildlife biology, including studying flammulated owls 

and pygmy rabbits. 

The Landscape Conservation Forecasting done by The Nature Conservancy for the park (Provencher 

et al. 2010) provides a baseline and desired future conditions for different park habitats. They 

mapped 21 biophysical settings and found that nine were slightly departed from natural range of 

variability (NRV), and ten were moderately departed. However, two were highly departed, basin 

wildrye and antelope bitterbrush. The major cause for ecological departure across the landscape was 

an under-representation of early succession classes. They analyzed 10 biophysical settings in greater 

detail, developing management strategies that determined the role of fire in the South Snake Range. 

The data and reports available for each resource topic varied. In addition to the data and reports from 

the projects listed above, subject matter experts provided information on several topics. Washington 

level programs including night sky, soundscape, and air quality also provided a wealth of information 

for this NRCA. 
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3. Study Scoping and Design 

This NRCA is a collaborative project between Great Basin National Park staff, NPS staff from the 

Pacific West Region, NatureServe, and Sound Science. NatureServe is a non-profit biodiversity 

research organization that serves as an umbrella institution for the network of Natural Heritage 

Programs and Conservation Data Centers located throughout the USA, Canada, and Latin America. 

NatureServe ecologists work with federal and state agencies and the academic community on 

biodiversity inventory, ecosystem assessment, and ecological monitoring. Sound Science is an 

environmental consulting firm focused on ecosystem assessment and monitoring, with extensive 

experience across the USA.  

Project findings will assist park staff with objectives including: 

¶ Developing management priorities for near- and medium- terms 

¶ Conduct park planning, including the Resource Stewardship Strategies and management plans 

¶ Support interpretation of park resources and issues 

¶ Engage in landscape-scaled partnership efforts 

The resources selected for this assessment are limited to natural resources, but cultural resources 

were also taken into consideration within the context of the chosen natural resources. Park staff 

participated in project development, planning, and writing. 

3.1. Preliminary Scoping 

A preliminary scoping meeting was held on October 16-17, 2012, at the Great Basin NP 

headquarters. At this meeting, Great Basin NP and Pacific West Region (PWR) staff met with the 

NatureServe Principal Investigator (PI) to initiate the NRCA process. The agenda for the meeting 

included discussing: a) communications amongst the team, b) the resource values of interest for the 

NRCA, and c) the approach to be used for the assessment. The group agreed that the approach for the 

NRCA would build upon the Ecological Integrity Assessment Framework (EIAF) outlined in 

Unnasch et al. (2009). EIAF is described in greater detail in section 3.2.1. 

The initial list of possible resources for the NRCA was outlined in the scope of work for the project, 

and drew upon the collective knowledge and concerns of the Great Basin NP staff and also PWR 

staff. This list had been prioritized prior to initiation of the project, and at the workshop it was 

determined to focus further prioritization upon those ranked as ñhighò in the scope of work. For each 

of the proposed focal resources, the workshop participants worked with the PI to draft a set of 

ñmanagement questionsò (MQs) to articulate the particular management concerns relevant to that 

resource. Each resource also had listed any known reports or data from within or outside the park, 

along with individual Park staff and any other persons known to be expert(s) for that resource. 

Several stressors were also identified as being of particular concern and these ófocal stressorsô had 

management questions drafted. 

Subsequent to this preliminary scoping meeting, Great Basin NP staff provided to NatureServe many 

geospatial datasets, tabular data, and report documents relevant to the parkôs resource management 
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plans and the values identified during the meeting. NatureServe also compiled geospatial datasets 

from its own GIS data library, including many resulting from the recently completed Central Basin 

and Range Rapid Ecoregional Assessment for BLM (Comer et al. 2013), and the Great Basin Energy 

Assessment project (Unnasch et al. in prep). 

NatureServe staff then reviewed the park-provided data for each resource or stressor and documented 

aspects of its usefulness for a NRCA, answering questions such as:  

¶ Is it comprehensive for the park? 

¶ Were metadata or a report available? 

¶ Are there multiple datasets and Great Basin NP staff need to clarify which is most 

current/relevant?  

The management questions were reviewed, and in some cases reframed so as to make them more 

addressable within the constraints of this NRCA. As relevant for each resource, stressors were listed, 

and possible ways to measure current conditions were drafted. Lastly, each resource was then ranked 

high, medium or low for the Great Basin NP NRCA. 

NatureServe held two conference calls with the NRCA advisory team to review the list, and the 

information developed by NatureServe for each resource and stressor. Priority ranking of high, 

medium, or low was applied and was then reviewed during the second call. A high ranking reflected 

that data are available, the management question can be answered with reasonable effort, and it is of 

high importance to Great Basin NP staff. 

3.2. Study Design 

3.2.1. Indicator Framework, Focal Study Resources, and Indicators 

Ecological Integrity Assessment Framework 

This assessment has implemented principles and methods of the Ecological Integrity Assessment 

Framework (EIAF, Unnasch et al. 2009). This framework is a way of organizing, in a hierarchical 

fashion, bio-geophysical resource topics considered important in park management efforts. 

Specifically, the EIAF guides the identification of focal resources and stressors, and development of 

indicators for ecological resource assessment. The methodology incorporates core principles of 

systematic conservation planning, established and tested by the conservation science community over 

recent decades (e.g., Margules and Pressey 2000, Parrish et al. 2003, Knight et al. 2006, Sarkar et al. 

2006, CMP 2007). This methodology provides a transparent and consistent process to focus resource 

assessment based on the best available science. It highlights conditions requiring management 

attention; identifies efficient indicators for management and monitoring; and clarifies critical 

information gaps, monitoring needs, and hypotheses with implications for adaptive management. The 

methodology addresses three broad questions: 

1) What is important? That is, what resources need to be included in the management process? 

2) How is it doing? That is, what is the current condition of each of these resources, as evidenced by 

indicators for their critical features, drivers, and dynamics? 
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3) What do we want? That is, what are the desired future conditions for each of these resources, as 

described by indicators for their critical features, drivers, and dynamics; the desired future 

conditions of existing and potential stressors; and the critical information gaps that need filling to 

support adaptive management? 

This NRCA addressed only the first two core questions of EIAF methodology (what is important? 

and how is it doing?). The third question is outside the scope of a NRCA, but output from the NRCA 

should directly support answering those questions. 

Addressing the first of the three EIAF questions involves four steps: (1) identifying the geographic 

scope of the analysis effort; (2) identifying the suite of biological and ecological resources of 

potential concern to the park unit; (3) identifying stressors known, suspected, or anticipated to affect 

these resources; and (4) selecting a sub-set of ñfocalò ecological resources for management based on 

the findings from the first three steps. The focal resources are selected based on a ñcoarse-fi lter/fine-

filterò method (Noss 1987) to ensure that (a) major resources of concern are represented directly or 

are represented indirectly as a component of a focal resource; and (b) major stressors of concern are 

represented through their effects on one or more focal resources. The selection process typically 

involves development of a conceptual ecological model for the affected region as a whole. 

Addressing the second of the three EIAF questions also involves four steps: (1) identifying the key 

ecological attributes for each focal resource, on which to further focus management attention; (2) 

identifying indicators for each key attribute, for each resource; (3) identifying an expected or 

reference range of variation for each indicator for each resource; and (4) assessing the status of each 

focal resource based on indicator data. Key ecological attributes include defining characteristics of a 

resource, its abundance, and its distribution; and key environmental associations, drivers, and 

constraints affecting resource characteristics, abundance, and distribution. Indicators may incorporate 

data using different levels of effort, from remote sensing, to ground-level rapid assessment, or 

ground-level intensive sampling. Together, the first three steps here result in the development of a 

conceptual ecological model for each focal resource. 

Addressing the third of the three EIAF questions also involves four steps: (1) identifying desired 

conditions for each focal resource at specific locations based on its key ecological attributes and 

indicators; (2) identify stressors that affect or threaten to affect these key attributes and indicators in 

specific locations; (3) setting a timeline for action in specific locations to establish or ensure 

continuity of desired conditions; and (4) establishing metrics or benchmarks with which to evaluate 

these actions. Again, addressing this third question is a phase of activity to be undertaken subsequent 

to this NRCA in the development of Resource Stewardship Strategies. 

Each phase of the EIAF also includes a parallel process, to assess the sufficiency of the data and 

knowledge used to build the conceptual ecological models for the individual focal resources, assess 

their condition, and address critical hypotheses concerning the resources and their stressors. 
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Great Basin NP Focal Resources for the NRCA 

NPS staff identified resources and stressors for the park during the NRCA scoping process described 

above. The prioritized list was left as tentative; subject to discovery, review, and evaluation of 

applicable data sets. The final list of focal resources and stressors is not a comprehensive list of all 

the resources or stressors in the park. It includes a cross-section of resources and stressors that are 

characteristic of the park, and/or are of greatest concern or highest management priority in Great 

Basin NP (Table 1). Several indicators for measuring current conditions for each resource, as well as 

known or potential stressors, were identified in collaboration with NPS staff. In addition, the 

assessment area for each resource was discussed and assigned. The ñassessment areaò includes the 

complete geography within which a given assessment will take place. This is distinguished from 

ñreporting unitsò such as a set of watersheds or other more localized spatial units that serve as spatial 

units for summarizing conditions for a given resource or stressor. 

In many cases, the geospatial data were most thematically detailed or had the highest spatial 

resolution within the park boundaries, while more spatially or thematically coarse data were available 

for a larger assessment area. Hence some resources were to be addressed by two spatial assessments - 

one within the park boundaries, the other for a larger area of the landscape. 

Table 1 provides the list of focal resources and focal stressors for this NRCA, with the above 

information developed for each. Ecological ñcoarse-filterò resources included sagebrush shrublands, 

aspen-mixed conifer forests, and montane riparian and wetland communities. Ecological ñfine-filterò 

resources included Bonneville cutthroat trout and bighorn sheep. Environmental quality was 

addressed through focused assessment of water quality/quantity issues, including springs and 

cave/karst processes; air quality; viewsheds; and assessment of night skies. Fire regime was one 

primary ecological process to be assessed. Finally, rock glaciers were assessed as one key type of 

physical feature for Great Basin NP. The focal stressors included potential climate change effects 

with reference to the interactions with fire regime, and projections relative to selected species and 

vegetation types. Invasive non-native species were assessed specifically for annual grasses (e.g., 

cheatgrass) and wild turkey. 

The assessment used all available reports and datasets, including historic datasets archived at the 

park. Data from a small number of recent studies of park surface and groundwater hydrology were 

not yet available for use in the assessment.  

Geographic Scope and Assessment Areas 

While the park is a single management unit, it is embedded in a larger landscape where many 

activities or disturbances may affect resources within the park. Therefore more than one geographic 

area may be appropriate to effectively support a natural resource condition assessment. As part of the 

scoping process for focal resources and stressors for the Great Basin NP NRCA, an appropriate 

assessment area was identified for each (Table 1). The guiding principle for area delineation was the 

distribution of a given resource or stressor with likely direct effects on the park. Spatial boundaries 

for each of these were created and reviewed by the Great Basin NP staff and are presented below in 

Figure 5 through Figure 8. These areas depict the geographic extent within which the focal resource 

or stressor was mapped and/or otherwise evaluated and documented in the NRCA.  
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Table 1. Focal resources and stressors identified for the Great Basin NP NRCA. For each, Park and Region staff identified management questions 
to help focus the assessment. Stressors impinging on each, and possible ways to measure the current condition, are identified. The geographic 
scope of assessment is listed (see figures in following section) along with the possible sources of data or information relevant to the resource. 

Resource  Management Questions Measures Stressors 
Assessment 
Area 

Biotic Composition 

Ecological Communities 

Sagebrush-
steppe  

What is the relative ecological integrity of the 
sagebrush steppe, and are we allocating 
restoration actions to the right places?  

integrity (high-low), Fire regime 
departure; if possible, show trends 
over time and by site, restoration sites 
mapped on top of integrity measures 

fire suppression, invasive annual 
grasses, historical grazing 
effects, development, climate 
change 

Park & Valleys 

Aspen-mixed 
conifer forest 

What is the current ecological integrity of the 
aspen-mixed conifer stands? Where have 
nearby fires been? Where have 
nearby/overlapping insect/disease outbreaks 
occurred? 

integrity (high-low), if possible, map 
trends over time in events [insect 
outbreak, wind, fire, disease]  

fire suppression, disease, climate 
change, invasive plants 

South Snake 
Range  

Montane 
Riparian 
Woodland and 
Stream 

Could groundwater development affect these 
communities?  

land use in groundwater recharge 
zones (mapped); map areas 
susceptible to pumping against 
vegetation map; in-stream habitat 
conditions addressed via metrics for 
BCT habitat 

Fewer or more extreme flood 
events due to hydrologic 
modification, invasive exotic 
plants, ground or surface water 
use, grazing (trampling, stream 
bank erosion), or climate change 

South Snake 
Range 

Native Fish 

Bonneville 
cutthroat trout 

Which stream reaches with BCT have the 
highest ecological integrity? Which 
watersheds supporting BCT have [altered fire 
regimes, most development, recent fires, 
sedimentation, or other impacts on water 
quality/quantity for BCT]? 

land use by watershed; dams (if any) 
by watershed; fire or Fire Regime 
Condition Class by watershed; Nevada 
Division of Wildlife habitat condition 
metrics; macro-invertebrate community 
integrity 

change in water quality/quantity 
(sedimentation, diversions, 
ground/surface water diversions, 
dams, etc.). 

Snake Range 
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Table 1 (continued). Focal resources and stressors identified for the Great Basin NP NRCA. For each, Park and Region staff identified 
management questions to help focus the assessment. Stressors impinging on each, and possible ways to measure the current condition, are 
identified. The geographic scope of assessment is listed (see figures in following section) along with the possible sources of data or information 
relevant to the resource. 

Resource  Management Questions Measures Stressors 
Assessment 
Area 

Mammals 

Bighorn 
sheep 

Where are recent, nearby fires? Where are 
domestic sheep being grazed? What is the 
quality of bighorn habitat? 

landscape condition model; fire regime 
departure for relevant ecological 
systems that provide habitat;  

disease/competition from 
domestic sheep; loss of 
forage/water; stress from human 
activities (recreation); fire; climate 
change; causes of mortality 
(mountain lion) 

South Snake 
Range  

Environmental Quality 

Water quality/ 
quantity  

What are the trends in water 
quality/quantity/seasonality in streams, lakes, 
springs, and caves? What are potential 
development effects on these aquatic 
communities and park administrative uses? 
What are the potential impacts of the pipeline 
for Snake Creek on aquatic/riparian 
communities?  

map areas susceptible to pumping 
against streams/rivers/springs 
locations 

ground or surface water use 
(diversions, pumping), pollutants, 
climate change 

Park & Valleys 

Caves/Karst 
processes 

What is the connection between 
surface/ground water features in/surrounding 
park and the caves? Are stressors such as 
visitation or water diversions or climate 
change affecting invertebrate populations? 

narrative interpretation of papers and 
reports 

ground or surface water use 
(diversions, pumping), pollutants, 
climate change 

Park & Valleys 

Springs 
What is the status of water quality/quantity of 
spring productivity for community use? 

narrative interpretation of papers and 
reports 

ground or surface water use 
(diversions, pumping), pollutants, 
climate change 

Park 
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Table 1 (continued). Focal resources and stressors identified for the Great Basin NP NRCA. For each, Park and Region staff identified 
management questions to help focus the assessment. Stressors impinging on each, and possible ways to measure the current condition, are 
identified. The geographic scope of assessment is listed (see figures in following section) along with the possible sources of data or information 
relevant to the resource. 

Resource  Management Questions Measures Stressors 
Assessment 
Area 

Environmental Quality (continued) 

Air quality 

What are trends and potential ecological 
impacts (esp. thresholds applicable to alpine 
upland and aquatics) of SOx and NOx and 
ozone, Mercury, particulates*, visibility? As of 
2012 

NPS atmospheric measures; for 
particulates: status of disturbance to 
sensitive soils in Valleys 

pollutants (SOx, NOx and ozone, 
mercury, particulates) 

Park, Valleys & 
Regional 

Viewshed 
What are trends in human development 
relative to viewsheds? 

interpretation of mapped development 
data and viewsheds  

Non-natural features (potential for 
development) 

Valleys & 
Regional 

Night skies 
What are trends in light pollution and 
particulate effects on night sky quality? 

interpretation of night sky assessment light pollution, particulate effects  
Valleys & 
Regional 

Ecological Processes 

Wildfire 

What areas of the park are most impacted by 
fire suppression (mid elevations, etc?). 
Which areas of the park would most benefit 
from prescribed fire? Where have recent fires 
been? 

Fire Regime Condition Class 1-3, for 2 
and 3 each, consider additional 
characteristics: veg type, fuel class, 
canopy cover 

fire suppression or alteration of 
regime due to historic grazing 
impacts, invasive species 
introduction and resultant fine 
fuel accumulation. 

Snake Range 

Physical Features 

Rock glaciers What is their current extent? 
map of distribution, including I&M 
network map 

climate change; potential thaw Park 
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Table 1 (continued). Focal resources and stressors identified for the Great Basin NP NRCA. For each, Park and Region staff identified 
management questions to help focus the assessment. Stressors impinging on each, and possible ways to measure the current condition, are 
identified. The geographic scope of assessment is listed (see figures in following section) along with the possible sources of data or information 
relevant to the resource. 

Resource  Management Questions Measures Stressors 
Assessment 
Area 

Focal Stressors 

Climate Change 

Climate 
change 

Which focal species (Bighorn, BCT) and 
habitats (alpine, caves) are most vulnerable 
during the upcoming 50 years?  

Baseline data for future correlations 
with park observations of climate and 
hydrology. Projected climate trends 
and effects on hydrology. 
Observations on biotic responses to 
change. 

Direct climate stressors (change 
in temp or precip regimes); 
Indirect interactions with other 
(fire, hydrologic change, 
invasives, phenology) 

South Snake 
Range & Valleys 

Invasive Species 

Wild turkeys 

What are their ecological effects on other 
birds, lizards, and snakes?  Where are their 
winter roost sites? Can they be relocated 
removed?  

Narrative review literature re: 
management of turkeys in the wild 

Habitat displacement and 
population pressure 

Snake Range 

Invasive 
Annual 
Grasses 

Where are the areas most susceptible to 
expansion?  

model of potential risk; statistics of 
overlap with ecological resources of 
interest 

Interactions with fire regime 
change; and other disturbance 
such as grazing and human 
development; climate change 

South Snake 
Range & Valleys 
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Figure 5. Finest scale assessment area boundary: Great Basin NP. 



 

30 

 

  

Figure 6. South Snake Range assessment area boundary (left); Snake Range area boundary (right). 
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Figure 7. The larger assessment area boundary around Great Basin NP that includes the adjacent 
valleys. 
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Figure 8. The largest assessment area boundary, the Central Basin and Range ecoregion within which 
Great Basin NP is located. The other 4 nested assessment boundaries are also shown. 

3.2.2. Spatial Reporting Units 

The NRCA uses spatial reporting units to report on the condition of each focal resource within the 

broader assessment area. For example, if one were reporting on the relative ecological condition of 

stream resources, one might select a set of watershed units of appropriate size to tabulate and 

document variation in those conditions across the assessment area. For a particular vegetation 

community type, one might also use watersheds, or some other spatial unit, such as its distribution by 

mountain range or enclosed basin, or discrete vegetation polygons, as practical spatial units for 

reporting. 

The NRCA utilizes spatial reporting units suitable to each focal resource. Watersheds, beginning at 

the 5th level (HUC 10) were used for recent regional-scale assessments in this area, and we included 

HUC 10 and smaller HUC 12 units (6th level watersheds). Additionally, the park has drawn local 

watersheds boundaries, included in Figure 5, based upon their management needs. These also serve 

as reporting units for some focal resources. 



 

33 

 

3.2.3. General Approach and Methods 

After identification of both the geographic scope and the focal resources for the NRCA, this study 

involved further gathering and reviewing of existing literature and data relevant to each of the focal 

resources. No new field sampling was conducted for this study. However where appropriate, existing 

data were further processed and analyzed to provide summaries of resource condition or to create 

new spatial representations. 

Data Discovery 

The data discovery process began at the initial scoping meeting, at which time Great Basin NP staff 

provided data and literature in multiple forms, including: NPS reports and monitoring plans, reports 

from various state and federal agencies, published and unpublished research documents, databases, 

tabular data, and charts. GIS data were provided by NPS staff. Additional data and literature was 

acquired through online bibliographic literature searches and inquiries on various state and federal 

government websites. Data and literature acquired throughout the process were reviewed and 

evaluated for thoroughness, relevancy, and quality regarding the resources identified during the 

preliminary scoping. 

Data Development and Analysis 

Data development and analysis were specific to each resource and their extent depended largely on 

the amount of information and data available for it. Specific approaches to data development, data 

quality review, and analysis are found within the respective resource assessment sections, located in 

Chapter 4 of this report. 

The NRCA team developed a conceptual model for the Great Basin NP assessment area from the 

perspective of upland vs. aquatic resources, and then elaborated on these generalized models as 

needed for each focal resource or stressor. These conceptual models aimed to characterize current 

knowledge of characteristic environmental setting and important ecological dynamics. For example, 

aspen-mixed conifer forests are characterized in terms of their biophysical setting, characteristic fire 

regime (e.g., fire return interval), vegetation structure, and plant species composition. This generally 

describes a ñreference conditionò for comparison with current conditions. In this case, fire return 

interval for aspen-mixed conifer forests in the Great Basin is expected to fall within a given range, 

and when it falls outside of that range, we can infer that conditions of these forests will have 

changed. While direct measurement of fire return interval can be challenging, the relative proportion 

of vegetation structural stages ï resulting from recurring wildfire ï might serve as a practical, 

measureable ñindicatorò of  fire return interval, and in turn, forest resource condition. That is, when 

wildfire has been suppressed, or occurs more frequently than expected, vegetation structural stages 

shift from expected proportions. Likewise, environmental quality assessments may characterize an 

apparently unaltered ñreference conditionò for comparison with current conditions. Indicators may 

reflect natural characteristics (e.g., water quality/quantity within some expected range) or target 

specific ñstressorsò such as the presence or abundance of non-native species or concentrations of a 

given pollutant. The NRCA addresses four aquatic focal resources ï the montane riparian 

community; Bonneville cutthroat trout; water quality/quantity; and springs ï by a single conceptual 
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ecological model, with sub-models, because these four refer to different parts of a single hydro-

ecological system. 

Subject Matter Experts 

Additional experts were sought to provide specific  information was needed. Experts provided advice 

on data and analysis, and provided review of draft report materials. Assessment of each focal 

resource from Table 1 proceeded with NatureServe team members assigned according to their 

specialty. Specific expertise for this assessment was available from among the project team, and NPS 

staff. Sources of NPS staff expertise included individuals from Great Basin NP, the MOJN, and the 

PWR. NPS specialists served as resources and reviewers for each focal resource as well. Each 

specialist subteam made key decisions and drafted the assessment materials. Draft assessment 

products were made available for broader review by Great Basin NP staff, and formed the focus of 

workshops via a webinar series. 

Scoring Methods and Assessing Condition 

Following conceptual modeling and indicator identification, specific ranges of indicator 

measurement that have been established to indicate ñGoodò ñModerate Concernò or ñSignificant 

Concernò status, relative to reference conditions, were identified. Generally, where sufficiently 

understood for ecological resources, ñGoodò measures suggest that the indicator falls within an 

expected natural range of variation. ñModerate Concernò status results from indicator measures 

falling outside of that expected range, while ñSignificant Concernò status results from indicator 

measures well outside the expected range. Practically, ñModerate Concernò conditions may be 

feasibly addressed through active management, while ñSignificantò conditions may require 

substantial investment and restoration or recovery. 

Some indicators were sufficient for reporting in more than three categories (e.g., a 10-point scale of 

0.0-1.0), however, for others there was not sufficient knowledge or data to generate categorical 

assessment results. In these cases, qualitative and descriptive reporting of indicator measures was 

sufficient for park needs. Once conceptual models were completed and indicators identified, the 

assessment team worked with Great Basin NP staff to determine appropriate scoring methods for 

each focal resource and stressor. 

Summary Indicator Symbols 

Indicators and measures provide a ñthumbnailò condition statement or score: a succinct statement or 

color-coded icon to indicate current condition (and trend, if evaluated). Table 2 includes a visual 

summary of these indicator symbols and accompanying brief definitions. 
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Table 2a. Symbols used to indicate condition and trend in this assessment, and their definitions. 

Condition Status Trend in Condition 
Confidence in 
Assessment 

 

Resource is in Good 
Condition 

 

Condition is Improving 

 

High 

 

Warrants 

Moderate Concern  
Condition is Unchanging 

 

Medium 

 

Warrants 

Significant Concern 
 

Condition is Deteriorating 

 

Low 

 

Table 2b. Indicator symbols used to indicate condition, trend, and confidence in the assessment. 

Condition Status Trend in Condition 
Confidence in 
Assessment 

 

Resource is in Good 
Condition 

 

Condition is Improving 

 

High 

 

Warrants 

Moderate Concern  
Condition is Unchanging 

 

Medium 

 

Warrants 

Significant Concern 
 

Condition is Deteriorating 

 

Low 

 

Format of Resource Condition Assessments 

With a few modifications, this NRCA report followed the NPS Natural Resource Report outline. All 

assessments for each resource are presented in a standard format in Chapter 4. The following 

overview briefly explains the format (including heading format, e.g. 4.X.X.1) and content for each 

text field and feature for the resource assessments. 
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4.X.X   Resource Name 

        

Background and Importance 

This section provides information regarding the relevance of the resource to the park. This section 

also explains the characteristics of the resource that help the reader understand subsequent sections of 

the document. 

Data and Methods 

 

This section describes the existing datasets used for evaluating the indicators/measures. Methods 

used for processing or evaluating the data are also discussed where applicable. The indicators/ 

measures are listed in this section as well, describing how we measured or qualitatively assessed the 

natural resource topic. 

Reference Conditions 

This section explains the reference conditions used to evaluate the current condition, as measured by 

each indicator. Additionally, explanations of available data and literature that describe the reference 

conditions are located in this section. Summary boxes referencing indicators are repeated in this 

section. 

Condition and Trend 

This section provides a summary of the condition and trend of the indicator/measure at the park 

based on available literature, data, and expert opinions. This section highlights the key elements used 

in defining the condition and trend designation, represented by the condition/trend graphic, located at 

the beginning of each resource topic. 

The level of confidence and key uncertainties are also included in the condition and trend section. 

This provides a summary of the unknown information and uncertainties due to lack of data, literature, 

and expert opinion, as well as our level of confidence about the presented information. 

Indicators / Measures 

¶ Proportional vegetation 

structural stages 

¶ Abundance of tree regeneration 

Condition - Trend 

 

Good ï  

Unchanging ï  

Low  

Indicators / Measures 

¶ Proportional vegetation 

structural stages 

¶ Abundance of tree regeneration 
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Sources of Expertise 

Individuals who were consulted for the focal study resources are listed in this section. A short 

paragraph describing their background can be included. 

Literature Cited 

This section lists all of the referenced sources. A DVD is included in the final report with copies of 

all literature cited unless the citation was from a book. When possible, links to websites are also 

included. 
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Decathon Canyon, Great Basin NP 
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4. Natural Resource Conditions 

This chapter presents the background, analysis, and condition summaries for the 12 focal resources 

and 3 focal stressors in the project framework. The following sections are organized in terms of 

landscape resources, upland resources and ecological integrity, aquatic resources and ecological 

integrity, and future landscape conditions. Each section discusses the key resources and their 

measures, stressors, and reference conditions. Sections on landscape and aquatic resources begin with 

a conceptual model to describe pattern, process, and interactions relevant to the following resource 

summaries. Each summary is formatted consistently to ease understanding and comparison. Overall 

findings are discussed in Chapter 5. The following table indicates the report section number and 

name where each assessment is found; the section numbers or names may be clicked to navigate 

directly to that section. 
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4.1. Landscape Resources 

4.1.1. Conceptual Model of Landscape and Upland Resources 

Drawing upon a wealth of existing descriptive information, including conceptual models developed 

for the National Park Service Inventory and Monitoring programs (Miller 2005, Chung-MacCoubrey 

et al. 2008); ecoregion descriptions of the NRCS (NRCS 2006) and US Forest Service (McNab et al. 

2007); and the Great Basin Ecoregional Blueprint of The Nature Conservancy (Nachlinger et al. 

2001), the following conceptual model articulates key assumptions about upland landscape pattern 

and process to inform this resource assessment.  

The pervasive influences of climatic regimes interacting with the basin and range physiography 

establish overarching biophysical controls that shape the individual ecosystems of Great Basin NP 

and its surroundings. Between the Sierra Nevada to the west and Wasatch ranges to the east, more 

than three hundred long, narrow, roughly parallel mountain ranges are separated by broad elongated 

valleys (Grayson 1993). The structures of mountain ranges are roughly similar, but their 

compositions are diverse. This pattern is the result of high angle block faulting. As the entire Great 

Basin was uplifted and stretched, the mountain ranges are uplifted horsts, while grabens fell in to 

form the basins. While granite, basalt, and rhyolite bedrock occurs throughout the west, south, and 

central Great Basin, respectively, limestone-rich mountains are concentrated in the east, and included 

portions of the Snake Range.  

Due to its location in the rain shadow of major mountain ranges, the climate of the Great Basin is 

semiarid. The Sierra Nevada range effectively captures most moisture from east-moving Pacific 

fronts while the Rocky Mountains intercept most moisture coming from the Gulf of Mexico. The 

climate regime is continental; with relatively high annual temperature fluctuations due to distance 

from moderating oceanic climates (Hidy and Klieforth 1990) and high elevation. Temperatures have 

both daily and seasonal extreme variation while spatial distinctions occur from valley floors to 

mountaintops. The mountains tend to be cooler and windier than the valleys. Surface air heating 

during the day yields very high valley temperatures, often accompanied by strong local turbulence 

that creates dust devils. At night, valleys lose heat rapidly by radiation and cool air pools below 

warmer air above. Therefore, cold extremes can occur at both high and low elevations, and some 

plant species least tolerant of coldest temperatures can be found at intermediate elevations. Cold 

continental cyclones result in spring maximum precipitation in the central and eastern Great Basin. 

Summer thunderstorms in subtropical air masses from the Gulf of Mexico cause a secondary summer 

maximum in the southeastern Great Basin, which is often heaviest in the valleys (Adams et al. 1997, 

Friedman et al. 2002, Sheppard et al. 2002).  

Figure 9 illustrates the conceptual model for upland resources of Great Basin NP, acknowledging the 

driving roles of climate and geophysical setting. Seasonal weather patterns set up recurrent landscape 

dynamics from snowpack and avalanche, to storm events, lightning strikes, persistent wind shear. 

The upland systems include natural geophysical dynamics of landslide, soil moisture infiltration, soil 

and organic matter accumulation, drought, and natural disturbance dynamics such as windthrow, and 

wildfire. These vary considerably between higher, cooler montane settings and warmer basin 

settings. All of these natural abiotic drivers interact with biotic responses, such as predator/prey 
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dynamics, herbivory, and insect outbreaks. These are key landscape attributes that support upland 

focal resources for this NRCA. At highest elevations, glacial and landslide processes produce rock 

glaciers. Rugged high-elevation slopes provide summer and lambing habitat for Rocky Mountain 

bighorn sheep. Domestic sheep grazing nearby can cause competition for forage and introduce 

disease risk to these populations. Wind, insect outbreak and wildfire in montane elevations support 

aspen mixed-conifer forest. Wildfire suppression and livestock grazing can alter structure and 

composition of these forests. Wildfire at these and lower elevations with deeper soil development, 

and at lowest elevation, cryptobiotic soil crust development, is characteristic of big sagebrush 

shrublands. Grazing of these sites can cause soil compaction and introduce invasive species, such as 

cheatgrass in these areas. 

Just as climate and geophysical setting drives many landscape processes, the relative isolation of 

Great Basin NP from human population densities and intensive land uses supports key resource 

values, such as air quality, night sky, and scenic views. Human density is included in the conceptual 

model as a source of stress on these resources. While there are many positive interactions between 

human and natural components (e.g., economic development, outdoor recreation, etc.), both dense 

and dispersed human land uses affect air quality, scenic resources, and night sky. They also affect 

natural system drivers such as wildfire, and biotic soil crust processes, through grazing regimes, and 

altered fire regimes in upland systems. Predator/prey dynamics are influenced by human/wildlife 

conflicts, hunting, domestic sheep, and plant/animal collecting. Land conversion and introduction of 

invasive plant species closely follow human land use patterns for settlements, energy development 

(e.g., mining, oil/gas, solar, wind farms, geothermal), irrigated agriculture, or transportation/ 

communication infrastructure. 
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Figure 9. Model components for upland resources of Great Basin NP. 
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4.1.2. Air Quality 

        

Background and Importance 

This section describes the air quality and air pollution effects on air quality related values of Great 

Basin NP. Air quality related values (AQRVs) are those resources sensitive to air pollution and 

include streams, lakes, soils, vegetation, fish, wildlife and visibility. The primary pollutants affecting 

AQRVs in Great Basin NP are nitrogen (N) and sulfur (S) compounds (nitrate, ammonium, and 

sulfate [SO4
2-]); ground-level ozone (O3); haze-causing particles; and toxic airborne compounds 

including mercury (Hg).  

Great Basin NP is a Class II area, as defined by the Clean Air Act. Under the Organic Act, the NPS 

manages Great Basin NP to protect air quality and related values from air pollution. Figure 10 shows 

a map of the NPS Inventory & Monitoring (I&M) Program Mojave Network (MOJN) park 

boundaries and locations of population centers with more than 10,000 people. There are no 

population centers larger than 10,000 people near Great Basin NP. Given its location in east central 

Nevada near the Utah border, the park often enjoys some of the cleanest air in the United States. 

However, Great Basin NP is occasionally affected by air pollution transported inland from California 

with the prevailing westerly winds (Edinger et al. 1972, Fenn et al. 2003, Allen et al. 2006). On these 

days, the park may experiences ozone levels close to or exceeding the primary ozone national 

ambient air quality standard. 

Air Pollution Sources  

The main source of S pollution is coal combustion at power plants and industrial facilities. Oxidized 

N compounds (i.e., nitrogen oxides) result from fuel combustion by vehicles, power plants, and 

industry. Reduced N compounds (e.g., ammonia and ammonium) are the result of agricultural 

activities, fires, and other sources. Ozone is formed when nitrogen oxides and volatile organic 

compounds from vehicles, solvents, industry and vegetation react in the atmosphere in the presence 

of sunlight, usually during the warm summer months. Persistent bio-accumulative substances include 

metals and organic compounds, such as pesticides. Coal combustion, incinerators, mining processes, 

and other industries emit Hg. 

Indicators / Measures 

¶ Atmospheric Nitrogen and Sulfur 

deposition  

¶ Ozone  

¶ Visibility  

¶ Mercury 

Condition - Trend 

 
Moderate Concern ï  

Unchanging ï  

High Confidence 
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Figure 10. Map of the NPS I&M Program Mojave Network boundaries, with locations of each park in the 
Mojave Network and population centers with more than 10,000 people around the network. 

Air Pollution Effects 

Acidif ication 

Atmospheric S and N pollutants reach the Earthôs surface through either wet deposition (via rain, 

snow, clouds, and fog) or dry deposition (via adsorption or impaction). These pollutants change 

water and soil chemistry, which in turn, affects algae, aquatic invertebrates, soil microorganisms, and 

root function; and can lead to impacts higher in the food chain (Sullivan et al. 2011b, Greaver et al. 

2012). Dry deposition predominates in arid ecosystems, such as are prevalent in Great Basin NP. It is 

difficult to quantify, however, in large part because the deposition change over time is influenced by 

many factors, including the mix of air pollutants present, surface characteristics of soil and 

vegetation, and meteorological conditions (Weathers et al. 2006). Fenn et al. (2009) developed a soil 

plate sampler for estimating dry deposition fluxes of N to exposed soil in arid ecosystems. This 

approach could be used to better quantify dry and total N deposition at Great Basin NP.  

Nitrogen Nutrient Enrichment 

Plant productivity on arid land typically increases with both increasing precipitation (Romney et al. 

1978, Bowers 2005) and increasing N availability (Salo et al. 2005, Allen et al. 2009, Rao et al. 
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2010). In desert ecosystems, the availability of water constrains the abundance of life more than does 

the availability of N. Brooks (2003) found that plant responses were influenced by specific rainfall 

events rather than by average annual rainfall, with the annual plants thriving in a year when high 

rainfall events triggered germination. In the Mojave Desert, the shrub creosote bush (Larrea 

tridentata) showed no increased growth response to experimental N additions (at 10 and 40 

kilograms N per hectare per year (kg N/ha/yr) as calcium nitrate, but did respond to increased water 

(Barker et al. 2006). Conversely, invasive annual grasses showed a greater response to elevated N 

than did native species. Additionally, elevated levels of N in water bodies, where the availability of 

water is not a concern, can directly promote the growth of photosynthetic organisms, including algae 

and aquatic plants, thereby altering the quantity of biomass produced and the structure of the aquatic 

food web. However, the effects of elevated levels of N in water may be constrained by the 

availability of other limiting inorganic nutrients, such as phosphorus. Much of the text in this section 

was obtained from the air quality related values risk assessment report that is being prepared for 

MOJN parks by Dr. Timothy Sullivan (in press 2015). 

Fire risk in desert vegetation communities is largely controlled by interactions among water and N 

availability, soil texture, and the presence of invasive grasses. Exotic grass litter breaks down slowly, 

creating a highly flammable continuous fire fuel load during the dry season (Brooks and Minnich 

2006). Because of the historical rarity of fire in arid ecosystems, arid land shrubs are typically not 

fire adapted and experience high mortality and slow re-establishment in response to fire (Brown and 

Minnich 1986). Slow recovery of shrubs after fire, and fast recovery of grasses contribute to 

increased fire frequency and a shift from shrub-dominated to exotic grass-dominated vegetation 

(D'Antonio and Vitousek 1992, Brooks et al. 2004, Steers 2008, Rao et al. 2010). Soil texture also 

affects fire frequency by modifying soil water holding capacity, infiltration, and hydraulic 

conductivity (Austin et al. 2004, Schwinning et al. 2004, Rao et al. 2010). 

Such changes in terrestrial vegetation and fire risks can have serious management implications. For 

example, in the agriculturally intensive Snake River Plain and in the Great Basin, extensive 

cheatgrass (Bromus tectorum) invasions contribute to increased fire frequency, that in turn favors 

even greater cover of cheatgrass (see Section 4.2.1 Wildfire Regime). Loss of native plants adapted 

to longer fire intervals and the poorer nutritional quality of cheatgrass in turn reduces the carrying 

capacity of lands (Whisenant 1990). 

Ozone  

In humans, ozone is a respiratory irritant which can trigger a variety of health problems. Ozone also 

affects vegetation, causing significant harm to sensitive plant species (USEPA 2013). Ozone enters 

plants through leaf openings called stomata and oxidizes plant tissue, causing visible injury (e.g., 

stipple and chlorosis) and growth effects (e.g., premature leaf loss, reduced photosynthesis, and 

reduced leaf, root, and total size). 

Visibility  

Fine particles of ammonium sulfate, ammonium nitrate, elemental carbon, and other pollutants in the 

atmosphere, absorb or scatter light, causing haze and reducing visibility (Hand et al. 2011). Visibility 

is monitored by the Interagency Monitoring of Protected Visual Environments Network (IMPROVE) 
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Figure 11. Weather and air quality 
monitoring station in Great Basin NP. 

and typically reported using the haze index, the deciview (dv). Deciview is a measurement scale 

representing perceptible changes in visibility calculated from light extinction measurements.  

Mercury (Hg) 

After Hg is deposited, it can be transformed by ecosystem processes into a biologically active, toxic 

form, methylmercury, which biomagnifies in the food chain and can reach harmful levels in fish and 

other wildlife. The potential biological effects of methylmercury, when it accumulates to high levels 

in animals, include impacts on reproductive success, growth, behavior, disease susceptibility, and 

survival (Landers, et al. 2008). Section 4.3.2 (Water Quality/Quantity) discusses the effects of 

methylmercury further. Not all landscapes equally support the conversion of Hg to methylmercury. 

Section 4.3.2 below, also discusses the special circumstances required to promote Hg methylation ï 

circumstances that may be relatively uncommon within Great Basin NP. 

Data and Methods 

 

Air Quality Monitoring within Great Basin National Park 

The approach used for assessing the condition of air quality 

at Great Basin NP follows the guidance developed by the 

NPS Air Resources Division (ARD) for use in Natural 

Resource Condition Assessments (NPS 2010b, c). 

Interpolated values generated by NPS-ARD, averaged over 

5 years, were used to assess condition. NPS-ARD used all 

available data from NPS, EPA, state, tribal, and local 

monitors to generate the interpolated values for visibility, 

ozone and wet N and S deposition for NPS areas across the 

contiguous U.S. 

Great Basin NP documented visibility conditions from1982-1995 with a 35mm camera. From 1992 

to present, the park has been monitoring visibility as part of the IMPROVE network. Precipitation 

chemistry has been monitored at the park since 1985 as part of the National Atmospheric Deposition 

Program (NADP)/National Trends Network (NTN). Since 1993, the park has been monitoring 

ambient ozone concentrations as part of the Clean Air Status and Trends Network (CASTNET). See 

Appendix B for links to Great Basin NP air quality data and Appendix C for a complete history of air 

quality monitoring at Great Basin NP. 

Table 3 below summarizes the air quality indicators reported here and their definitions. 

  

Indicators / Measures 

¶ Atmospheric Nitrogen and Sulfur  deposition 

¶ Ozone Concentration 

¶ Visibility  
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Table 3. Indicators used for resource assessment of air quality in the park, adjacent valleys and region. 

Indicator Indicator Definition 

N and S deposition 
Measure of atmospheric wet deposition. The values for wet deposition condition 
are expressed as the average amount of nitrogen (N) or sulfur (S) in kilograms 
deposited over a one-hectare area in one year (kg/ha/yr). 

Visibility: Deciview 
This measure assesses visibility based on the deviation of the current visibility 
conditions from estimated natural visibility conditions; (i.e., those estimated for a 
given area in the absence of human-caused visibility impairment). 

Ozone  

The primary ozone standard is set to protect human health. The standard is 75 
parts per billion (ppb) averaged over an eight-hour period. Vegetation response is 
more directly tied to seasonal, rather than eight-hour, ozone concentrations, so 
ozone injury can occur even if the primary standard is not exceeded. 

 

National Atmospheric Deposition Program/National Trends Network (NADP/NTN) 

The NADP/NTN website (http://nadp.sws.uiuc.edu/) provides a long-term monitoring record of 

precipitation chemistry at Great Basin NP. The values for wet deposition condition are expressed as 

the average amount of N or (S in kg/ha/yr (NPS 2013).  

Weekly samples are collected and processed following a standard operating procedure established by 

Dossett and Bowersox (1999). The results of the analyses are then loaded into NADPôs database, 

merged with descriptive information and posted at:    

http://nadp.sws.uiuc.edu/sites/siteinfo.asp?id=NV05&net=NTN (NADP 2013).  

Interagency Monitoring of Protected Visual Environments - IMPROVE 

Visibility is monitored by the IMPROVE Program (NPS 2010a). The NPS-ARD assesses visibility 

based on the deviation of the current Group 50 visibility conditions from estimated Group 50 natural 

visibility conditions; (i.e., those estimated for a given area in the absence of human-caused visibility 

impairment (EPA-454/B003-005)). Group 50 is defined as the mean of the visibility observations 

falling within the range of the 40th through the 60th percentiles as dv. The dv scale scores pristine 

conditions as a zero and increases as visibility decreases (NPS 2010b). The IMPROVE site provides 

a long term monitoring record for existing visibility conditions at Great Basin NP. Other methods 

have also been used to monitor visibility in the park including a camera, transmissometer and 

nephelometer. 

Clean Air Status and Trends Network ï CASTNET 

The CASTNET site provides a long-term monitoring record of atmospheric N, S, and ozone 

concentrations at Great Basin NP from 1993 to present. 

Mercury 

For this assessment, there are two sources of information on mercury. To investigate the transport 

distances of Hg, Wright et al. (2014) used surrogate surfaces and passive samplers for the 

measurement of gaseous oxidized mercury (GOM) deposition and concentration. Samplers were 

deployed from the coast of California to the eastern edge of Nevada (Great Basin NP). 
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Meteorological data, back trajectory modeling, and ozone concentrations were applied to better 

understand potential sources of Hg.  

Data on mercury in fish muscle tissue samples from Brook trout (Salvelinus fontinalis) in Great 

Basin NP were reported by Eagles-Smith et al. (2014), from samples collected in 2011 from Baker 

Lake, Lehman Creek, and Snake Creek. The assessment of Water Quality and Quantity (Section 

4.3.2) below reports on the results of the Eagles-Smith et al. (2014) study. 

Mercury may enter Great Basin NP through both wet and dry deposition. Since significant areas of 

the western USA are arid, it is hypothesized that dry deposition is an important source of Hg in the 

park. A primary question is whether sources of Hg are local and thus, relatively easy to address, 

regional (from within the United States), or global (long range transport), and much more difficult to 

address. Wright et al. (2014) found dry deposition of mercury to be an important pathway by which it 

enters ecosystems, and that much of the mercury in Great Basin NP is from regional and global 

sources. There are currently no reference conditions for ecosystem health related to mercury 

deposition. 

Reference Conditions 

The reference conditions against which current air quality indicators are assessed are identified by 

NPS ARD (2010b) for NRCAs and listed in Table 4.  

Table 4. Reference conditions for air quality indicators (Source: NPS 2010b). 

Air Quality Indicator Good Moderate Concern Significant Concern 

Wet deposition, either 
sulfur or nitrogen 

< 1 kg/ha/yr 1-3 kg/ha/yr >3 kg/ha/yr 

Ozone Ò 60 ppb 61-75 ppb Ó 76 ppb 

Visibility < 2 dv 2-8 dv >8 dv 

 

N and S Deposition 

The NPS-ARD considers parks with less than 1 kg/ha/yr of atmospheric wet deposition of N or S 

compounds to be in ñgoodò condition, those with 1-3 kg/ha/yr to be in ñmoderate concernò condition, 

and parks with wet deposition greater than 3 kg/ha/yr to be of ñsignificant concern.ò 

Ozone 

The ozone standard set by the EPA at a level to protect human health, 75 parts per billion (ppb) 

averaged over an eight-hour period, is used as a benchmark for rating current ozone condition. Note 

that sensitive vegetation can be impacted below those levels. The three-year average of the fourth-

highest daily maximum eight-hour average ozone concentrations measured at each monitor in an area 

must not exceed 75 ppb in order to be in compliance with the EPA standard.  
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Indicators/Measures 
Atmospheric Deposition of Sulfur and 

Nitrogen 

The NPS-ARD rates ozone condition as ñgoodò if the ozone concentration is less than or equal to 60 

ppb, ñmoderate concernò if the concentration is between 61 and 75 ppb, and of ñsignificant concernò 

if the concentration is greater than or equal to 76 ppb. 

Visibility 

A visibility condition of less than 2 dv above estimated natural conditions indicates ñgoodò 

condition, estimates ranging from 2-8 dv above natural conditions indicate ñmoderate concernò 

condition, and estimates greater than 8 dv above natural conditions indicate ñsignificant concern.ò 

Although the dv ranges of these categories were selected somewhat subjectively, the NPS-ARD 

chose them to reflect the variation in visibility conditions across the monitoring network as closely as 

possible.  

Condition and Trend 

Atmospheric Deposition of Sulfur and Nitrogen 

Acidification 

An assessment for all NPS I&M networks and 

parks was conducted for acid pollutant 

exposure, ecosystem sensitivity to 

acidification, and park protection to determine 

the relative risk from acidification. Ecosystem sensitivity to acidification at Great Basin NP was 

ranked in the highest quintile relative to other I&M parks (Sullivan et al. 2011b). However, Great 

Basin NP ranked in the lowest quintile for estimated acid pollution exposure. Table 5 provides 

ecosystem sensitivity to acidification comparisons between all MOJN parks. Great Basin NPôs very 

high sensitivity is due largely to the presence of steep slopes and many low-order and high-elevation 

streams. Ecosystem sensitivity to acidification rankings take into account land slope, which often 

influences the degree of acid neutralization provided by soils and bedrock within the watershed. Most 

watersheds in Great Basin NP have average slopes greater than 40º, with one watershed having 

average slope greater than 50º. 

Indicators and Criteria for Acidification Risk 

Great Basin NP has several lakes that are fairly low in acid neutralizing capacity (ANC). These lakes 

were surveyed in 1986 as part of EPAôs National Surface Water Survey. All of the lakes sampled in 

the park were considered acid-sensitive (ANC less than 200 microequivalents per liter [µeq/L]), 

according to EPAôs classification criteria at that time. The most sensitive lake included in the study 

was Baker Lake at 10,620 feet (3,238 m), with an ANC of 73 µeq/L. Recent conductivity 

measurements suggest that the ANC of Baker Lake is, at times, less than 50 µeq/L (Sullivan et al. 

2011a, 2011b), a level considered to be very acid-sensitive. Depletion of ANC increases the risk to 

lakes and streams in the park from episodic or chronic acidification. Baker Lake has a population of 

Threatened Lahontan cutthroat trout (Onchorhynchus clarki henshawi), as well as other fish and 

invertebrates that could be negatively affected by acidification. 
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Table 5. Estimated park ranking* for all NPS I&M Mojave Network parks according to risk of acidification 
impacts on sensitive receptors. (Source: Sullivan et al. 2011a, 2011b) 

Park Name Park Code 
Estimated Acid  

Pollutant Exposure 
Estimated Ecosystem 

Sensitivity to Acidification 

Death Valley DEVA Very Low Very High 

Great Basin GRBA Very Low Very High 

Joshua Tree JOTR Moderate High 

Lake Mead LAKE Low High 

Manzanar MANZ Very Low Very Low 

Mojave MOJA Low High 

*Relative park rankings are designated according to quintile ranking, among all I&M Parks, from the 
lowest quintile (Very Low) to the highest quintile (Very High) risk. 

Nitrogen Nutrient Enrichment 

Great Basin NPôs ranking relative to other I&M parks for nutrient N pollutant exposure is very low 

and ecosystem sensitivity to nutrient N enrichment was judged by Sullivan et al. (2011d) to be low. 

Table 6 shows all MOJN parks, with the exception of Great Basin NP, ranked very high to ecosystem 

sensitivity to N deposition; this is due to the preponderance of desert vegetation at those parks, which 

is presumed to be highly sensitive to nutrient N enrichment (Sullivan et al. 2011c, 2011d). It should 

be mentioned here that the rankings are for the park as a whole. Since most of the park is high 

elevation and contains native species (and non-native species) that are not N sensitive, this seems 

appropriate. However, the lowest elevations of the park are dominated by desert species and the non-

native invasive cheatgrass (Bromus tectorum). These low elevation areas are very sensitive to N 

enrichment with large potentials for complete monocultures after fires, changing the entire ecosystem 

with fire impacts perpetuating upslope into N insensitive areas.  

Table 6. Estimated park rankings* for all NPS I&M Mojave Network parks according to risk of nutrient 
enrichment impacts on sensitive receptors. (Source: Sullivan et al. 2011d) 

Park Name Park Code 
Estimated Nutrient N 
Pollutant Exposure 

Estimated Ecosystem 
Sensitivity to Nutrient N 

Enrichment 

Death Valley DEVA Low Very High 

Great Basin GRBA Very Low Low 

Joshua Tree JOTR Moderate Very High 

Lake Mead LAKE Low Very High 

Manzanar MANZ Low Very High 

Mojave MOJA Moderate Very High 

*Relative park rankings are designated according to quintile ranking, among all I&M Parks, from the 
lowest quintile (Very Low) to the highest quintile (Very High) risk. 
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Indicators and Criteria for Nitrogen Deposition Condition 

Pardo et al. (2011) compiled data on empirical critical loads (CL) for protecting sensitive resources 

in ecoregions across the conterminous United States against nutrient enrichment effects caused by 

atmospheric N deposition. The critical load represents a threshold (Ellis et al. 2013) below which 

significant harmful effects to sensitive ecosystems components are not likely to occur. Data on 

empirical CL for nutrient N deposition in Great Basin NP are limited. Pardo et al. (2011) only 

reported empirical N CL values in the North American Deserts ecoregion for the protection of 

lichens and herbaceous plants (Table 7). Note that Pardo et al.ôs CL estimates are for total (wet plus 

dry) N deposition and potential exceedances are based on total N deposition estimates derived from 

an atmospheric model. The lower end of the reported range was 3 kg N/ha/yr for both lichens and 

herbaceous plants. Total modeled N deposition was less than 2 kg N/ha/yr at Great Basin NP 

(Sullivan et al. 2011b). This suggests N critical loads intended to protect lichen and herbaceous 

plants are not exceeded at Great Basin NP. 

Table 7. Empirical critical loads for nitrogen in NPS Mojave I&M Network parks, by ecoregion and 
receptor from Pardo et al. (2011). Ambient N deposition reported by Pardo et al. (2011) is compared to 
the lowest critical load for a receptor to identify potential exceedance, indicated by shading. A critical load 
exceedance suggests that the receptor is at increased risk for harmful effects. 

NPS Unit Ecoregion 

N Deposition 

(kg N/ha/yr) 

Critical Load (kg N/ha/yr) 

Lichen 

Herbaceous 

Plant 

Death Valley NP 
North American 
Deserts 

3.8 3 3 - 8.4 

Great Basin NP 
North American 
Deserts 

1.8 3 3 - 8.4 

Joshua Tree NP 
North American 
Deserts 

7.0 3 3 - 8.4 

Lake Mead NRA 
North American 
Deserts 

4.8 3 3 - 8.4 

Manzanar NHS 
North American 
Deserts 

1.7 3 3 - 8.4 

Mojave NPres 
North American 
Deserts 

4.0 3 3 - 8.4 

  



 

53 

 

Indicators/Measures 
Ozone  

Ozone 

The O3-sensitive plant species that are known or thought to 

occur within Great Basin NP are listed in Table 8. Those 

considered to be bioindicators, because they exhibit very 

distinctive symptoms when injured by O3 (e.g., dark stipple), are designated by an asterisk. Great 

Basin NP contains at least four O3 bioindicator species.  

Table 8. Ozone sensitive and bioindicator plant species known or thought to occur in the Great Basin NP. 
(Data Source: E. Porter, National Park Service, pers. comm., August 30, 2012); lists are periodically 
updated at https://irma.nps.gov/App/Species/Welcome). 

Species Common Name 

Apocynum androsaemifolium* Spreading dogbane 

Apocynum cannabinum Dogbane, Indian hemp 

Artemisia ludoviciana* Silver wormwood 

Pinus ponderosa* Ponderosa pine 

Populus tremuloides* Quaking aspen 

Prunus virginiana Choke cherry 

 

Two ranking systems were used to determine risk of ozone injury impacts, the NPS ranking system 

(NPS 2010) and Kohutôs system (2007a). The NPS approach is a quick assessment which considers 

5-year averages of O3 conditions. Kohutôs O3 ranking approach constitutes a more rigorous 

assessment of potential risk to plants by including soil moisture, an important environmental 

condition. Dry conditions induce stomatal closure in plants, which has the effect of limiting O3 

uptake and injury.  

The NPS O3 risk assessment system uses injury thresholds from the literature (Heck and Cowling 

1997) and compares them against five year averages of the W126 or Sum06. W126 is a measure of 

cumulative O3 exposure that preferentially weights higher concentrations. The SUM06 is a measure 

of cumulative exposure that includes only hourly concentrations above 60 ppb over a 3-month 

period. The W126 was classified as moderate concern at values between 7 and 13 ppm-hr, (as 

defined by NPS (2010)). Values higher than 13 ppm-hr were classified as High Concern, and values 

lower than 7 ppm-hr were classified as Low Concern. The SUM06 was classified as Moderate 

Concern at values between 8 and 15 ppm-hr. Higher and lower values were classified as High 

Concern and Low Concern, respectively, as defined by NPS (2010). 

Kohut  (2004, 2007b) examined five individual years of O3 exposure and soil moisture data in the 

Mojave Network parks, however exposures have likely changed since the time of his assessment 

(1995-1999). The exposure levels at three parks (Death Valley, Great Basin, and Joshua Tree; Table 

9) were based on in-park monitoring data and the other parks were based on kriging of data from 

surrounding monitoring sites. 
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In addition, data for 2000-2004 were analyzed for Great Basin NP (NPS 2013). The SUM06 index 

generally exceeded the threshold for foliar injury in Great Basin NP during the initial monitoring 

period (1995-1999) and more definitively exceeded the threshold for the monitoring period 2000-

2004.  

In recent years (2000-2009), no significant trends in O3 concentrations have been detected in Great 

Basin NP (NPS 2013). Although Great Basin NP is designated attainment by EPA because it meets 

the O3 standard, it exceeds the 8-hour standard one or two times during the summer ozone season. 

EPA has recognized that the 8-hour form for the standard is not appropriate to protect sensitive 

plants, which respond to longer-term O3 exposures. In 2010, EPA proposed a new secondary O3 

standard to protect plant health (Federal Register Vol. 75, No. 11, 40 CFR Parts 50 and 58, National 

Ambient Air Quality Standards for Ozone, Proposed Rules, January 19, 2010, p. 2938). It was based 

on an index of the total plant O3 exposure, the W126. For the W126 index, hourly values are 

weighted according to magnitude and then summed for daylight hours over three months, 

approximately a growing season. EPA proposed to set the level of the new standard in the range of 7-

15 ppm-hr.  

Table 9. Ozone assessment risk results* for NPS I&M Mojave Network parks, based on estimated 
average 3-month W126 and SUM06 ozone exposure indices for the period 2005-2009 and Kohutôs 
(2007a) ozone risk ranking for the period 1995-1999. 

Park 
Name Park Code 

W126 

7-13 ppm/hr  = Moderate Injury 

SUM06 

8-15 ppm/hr  = 

Moderate Injury 
Kohut 

O3 Risk 

Ranking 

Value 

(ppm-hr) Ranking 

Value 

(ppm-hr) Ranking 

Death 
Valley 

DEVA 28.96 High 40.96 High Low 

Great 
Basin 

GRBA 15.55 High 21.20 High Low 

Joshua 
Tree 

JOTR 29.53 High 39.95 High High 

Lake 
Mead 

LAKE 19.58 High 28.46 High Low 

Manzanar MANZ 40.46 High 52.46 High High 

Mojave MOJA 25.92 High 36.49 High High 

*
Parks are classified into one of three ranks (Low, Moderate, High), based on comparison with other 
I&M parks. 
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Visibility  

Natural Background and Existing Visibility Conditions 

Natural background visibility, the goal of the 

Clean Air Act, assumes no human-caused 

pollution, but varies with natural processes such 

as windblown dust, fire, volcanic activity and biogenic emissions. Estimated natural background 

ñhazeò condition was relatively good in the parks in this network (NPS 2010b), compared with other 

I&M parks (Table 10a and Table 10b).  

Table 10a. Estimated natural background visibility in Great Basin NP compared to all NPS I&M Mojave 
Network parks averaged over the period 2004 through 2008. Reported in deciviews (dv), a measurement 
scale representing perceptible changes in visibility calculated from light extinction measurements. The 
deciview scale scores pristine conditions as a zero and increases as visibility decreases (NPS 2010b). 

Park Name 
Park 
Code Site ID 

Estimated Natural Background Visibility 

20% Clearest Days 

dv 

20% Haziest Days 

dv 

Average Days 

dv 

Death Valley DEVA DEVA 2.22 7.90 4.68 

Great Basin GRBA GRBA 0.85 6.24 3.18 

Joshua Tree JOTR JOSH 1.68 7.19 4.17 

Mojave
2
 MOJA JOSH 1.68 7.19 4.17 

 

Table 10b. Estimated existing visibility in Great Basin NP compared to all NPS I&M Mojave Network 
parks averaged over the period 2004 through 2008. Reported in deciviews (dv), a measurement scale 
representing perceptible changes in visibility calculated from light extinction measurements. The deciview 
scale scores pristine conditions as a zero and increases as visibility decreases (NPS 2010b). 

Park Name 
Park 
Code Site ID 

Existing Visibility 2004 through 2008 

20% Clearest Days 

dv 

20% Haziest Days 

dv 

Average Days 

dv 

Death Valley DEVA DEVA 4.69 15.41 9.63 

Great Basin GRBA GRBA 2.06 10.71 5.94 

Joshua Tree JOTR JOSH 5.51 18.29 11.87 

Mojave 
 

MOJA JOSH 5.51 18.29 11.87 

 

Representative photos of a selected vista under three different visibility conditions at Great Basin NP 

are shown in Figure 12. Photos were selected to correspond with the clearest 20% of visibility 

conditions, haziest 20% of visibility conditions, and average visibility conditions at that location. 

Indicators/Measures  
Visibility 
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This series of photos provides a graphic illustration of the visual effect of these differences in haze 

level on a representative vista in the park. 

IMPROVE data allow estimation of visual range (VR). On the best days at the Great Basin NP 

monitoring site, one can see 199 miles (320 km). Based on the estimated natural conditions compared 

to existing visibility from 2004-2008, air pollution has reduced average VR from 170 miles to 120 

miles (274 km to 193 km). On the haziest days, VR has been reduced from 130 miles to 85 miles 

(209 km to 137 km). These numbers represent the best in the country, matched only by a few of the 

nationôs most remote wilderness areas. 
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 Visibility at Great Basin NP 

Best Days 

Taken: 9:00 am 

Haze = 2 dv 

VR = 199 mi (320 km) 

 

 

 

Worst Days 

Taken: 9:00 am 

Haze = 10 dv 

VR = 93 mi (150 km) 

 

Average Days 

Taken: 9:00 am 

Haze = 6 dv 

VR = 137 mi (220 km) 

 

 

 

 

 

Figure 12. Three representative photos of the same view in Great Basin NP illustrate the 20% clearest, 
20% haziest, and the annual average visibility y. DV is deciview. VR is visual range. 
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Composition of Visibility Reducing Particulate 

Figure 13 shows estimated natural (pre-industrial), baseline (2000-2004), and current (2006-2010) 

visibility condition and particulate composition for Great Basin NP. The figure illustrates that SO4
-2 

is the primary component of current haze at Great Basin NP on the 20% clearest days, when human-

caused emissions sources are relatively low. On the 20% haziest days, organics contribute the most to 

haze in Great Basin NP. For the average days organic mass is the largest contributor of visibility 

impairment in Great Basin NP. 

 

Figure 13. Estimated natural (pre-industrial), baseline (2000-2004), and current (2006-2010) visibility 
(blue columns) and the particulate composition (pie charts) on the 20% clearest, annual average, and 
20% worst visibility days for Great Basin NP. Data Source: 
http://views.cira.colostate.edu/fed/Tools/RegionalHazeSummary.aspx 

Trends in Visibility 

NPS (2010) reported long-term trends in visibility on the clearest and haziest 20% of days at 

monitoring sites in 29 national parks. The average difference between measured visibility and 

estimated natural visibility condition was 8.3 dv, but several western parks had measured dv on the 

haziest days well above estimated natural conditions. Such large differences between ambient and 
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estimated natural visibility  are reflected in the 2004-2008 monitoring results shown in Table 10. 

Between 1993 and 2010 Great Basin NP data shows evidence of improvement in visibility in recent 

years on the 20% clearest and 20% average days. However, the 20% haziest days have remained 

about the same (Figure 14). 

 

Figure 14. Trends in ambient visibility at Great Basin NP based on IMPROVE measurements on the 20% 
clearest, 20% haziest, and annual average visibility days over the monitoring period of record. Data 
Source: http://vista.cira.colostate.edu/improve/Data/IMPROVE/summary_data.htm  

According to the 1999 Regional Haze Rule, states and tribes must establish and meet reasonable 

progress goals for each federal Class I area to improve visibility on the 20% haziest days and to 

prevent visibility degradation on the 20% clearest days. The national goal is to return visibility in 

Class I areas to natural background levels in 2064. States must evaluate progress by 2018 (and every 

10 years thereafter) based on a baseline period of 2000 to 2004 (Air Resource Specialists 2007). 

Even though Great Basin NP is a Class II area it should also see visibility improvements as a result of 

pollution reductions required by the Regional Haze Rule.  

The glideslope analyses between current and background visibility (Figure 15) indicate that at the 

current rate of progress, the haziest days at Great Basin will not meet natural visibility conditions by 

the 2064 Regional Haze Rule deadline, however, the cleanest days will.  
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Figure 15. Glideslopes to achieving natural visibility conditions in 2064 for the 20% haziest (red line) and 
the 20% clearest (blue line) days in Great Basin NP. The regional haze rule requires the clearest days do 
not get worse than the baseline period. Also shown are measured values during the period 2000 to 2010. 
Data Source: http://vista.cira.colostate.edu/improve/Data/IMPROVE/summary_data.htm 

Mercury 

Wright et al. (2014) found the lowest seasonal mean Hg deposition was observed at low elevation 

(<328 feet (< 100 m)) Pacific Coast sites. Highest values were recorded at Lick Observatory, a high 

elevation coastal site (4,196 feet (1,279 m)), and Great Basin NP (6,765 feet (2,062 m)). Intermediate 

values were recorded in Yosemite and Sequoia National Parks. Results indicate that local, regional 

and global sources of air pollution, specifically oxidants, are contributing to observed deposition. At 

Great Basin NP, air chemistry was influenced by regional urban and agricultural emissions and free 

troposphere inputs. Dry deposition contributed ~ 2 times less Hg than wet deposition at the coastal 

locations, but 3 to 4 times more at the higher elevation sites. Figure 16 provides location of the 

Environmental Protection Agencyôs Mercury deposition Network sites and concentration gradients 

across the United States.  

The Section on Water Quality (4.3.2) discusses the effects of mercury deposition on aquatic 

resources.  
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Figure 16. Mercury Deposition Network (MDN) sampling sites in the USA and concentration gradients . 
From EPA 2011 Toxic Release Inventory. 

Summary of Condition and Trend for Air Quality 

All of the indicators for air quality fall within the moderate concern ratings of the NPS Air Resources 

Division (Table 11). Deposition of N and S could be of significant concern because of the high 

sensitivity of Great Basin NP ecosystems, especially water resources, to acidification. However, the 

current deposition rate does not warrant significant concern. Mercury deposition is higher than in 

many other areas of the country and appears to be of regional or even global source; however, 

bioaccumulation in fish is apparently low (see Section 4.3.2 Water Quality/Quantity for discussion of 

this). 
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Table 11. Summary of indicators of condition for air quality at Great Basin NP. 

Air Quality 

 

Indicators of 
Condition Specific Measures 

Condition 
Status/Trend Rationale 

Atmospheric 
Nitrogen 
Deposition  

Measure of atmospheric wet 
deposition. The values for wet 
deposition condition are expressed 
as the average amount of nitrogen 
(N) in kilograms deposited over a 
one-hectare area in one year 
(kg/ha/yr). 

 

Wet nitrogen deposition warrants 
moderate concern. This condition is 
based on the 2008ï2012 estimated wet 
nitrogen deposition of 2.9 kilograms per 
hectare per year (kg/ha/yr). The 
confidence in the nitrogen condition at 
Great Basin NP is high because there is 
an on-site wet deposition monitor. 

Atmospheric 
Sulfur 
Deposition  

Measure of atmospheric wet 
deposition. The values for wet 
deposition condition are expressed 
as the average amount of sulfur (S) 
in kilograms deposited over a one-
hectare area in one year (kg/ha/yr). 

 

Measured value of 1.1 kg/ha/yr is of 
moderate concern. The confidence in 
the sulfur condition at Great Basin NP is 
high because there is an on-site wet 
deposition monitor. 

Ozone 

The National Ambient Air Quality 
Standard (NAAQS) for ozone is set 
by the EPA, and is based on 
human health effects.  

The monitored ozone concentration 
from 2008ī2012 is at 71.7 ppb, which 
falls within the moderate concern 
category. The confidence in the ozone 
condition at Great Basin NP is high 
because there is an on-site ozone 
monitor. 

Visibility  

This measure assesses visibility 
based on the deviation of the 
current visibility conditions from 
estimated natural visibility 
conditions; (i.e., those estimated for 
a given area in the absence of 
human-caused visibility 
impairment).  

 

Average visibility at Great Basin NP was 
2.4 dv above estimated natural 
conditions, and is a moderate concern. 
The degree of confidence in the 
condition at Great Basin NP is high 
because there is an on-site visibility 
monitor. 

Mercury  

Measure of atmospheric dry 
deposition of mercury, not the 
bioaccumulation of mercury or 
other toxic pollutants.  

Atmospheric dry deposition is relatively 
high, in part due to the parkôs relatively 
high elevation. Mercury is rated as a 
moderate concern at the park. The 
confidence level in this condition is 
medium because Great Basin NP has 
studies from a limited subset of surface 
waters. 

 

Sources of Expertise 

The National Park Serviceôs Air Resources Division oversees the national air resource management 

program for the NPS. Together with parks and NPS regional offices, they monitor air quality in park 

units; provide air quality analysis and expertise related to all air quality topics. 
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4.1.3. Viewshed 

       

Background and Importance 

The conservation of scenery is established in the NPS Organic Act, (ñéto conserve the scenery and 

the wildlife thereinéò) and reaffirmed by the General Authorities Act, as amended, Management 

Policies (Section 1.4.6, and 4.0) (Johnson et al. 2008). The enabling legislation for the park (Public 

Law 99-565) also establishes scenic values as one of the important resources of the park. 

For many parks, scenic views that extend beyond park boundaries are an important component of the 

visitor experience. The expanse of these views is often inspirational and iconic of the American spirit 

and often a main reason why people visit parks. Visitors have multiple opportunities to view the 

surrounding landscape scenery, within and adjacent to the park. Like other isolated ranges in the 

Basin and Range Province, Great Basin NP is surrounded by basins with the Snake Valley to the east, 

the Hamlin Valley to the southeast and the Spring Valley to the west. Traveling west from central 

Utah across the arid flat plains of the Great Basin Desert, the long ridgeline of the South Snake 

Range stretches across the horizon, with a characteristic rugged landscape, highlighted by snow-

covered peaks, steep mountain slopes, rolling foothills, low desert basins and valley floors. An 

excerpt from the parkôs General Management Plan (National Park Service 1999) describing the 

importance of its scenic resources states: ñThe views across Snake Valley and Spring Valley as 

visitors approach the park and from various locations within the park greatly enhance experiences 

and are a significant park resource. Although these valleys are not within the park boundary, they are 

critical in conveying the theme of the óGreat Basin physiographic regionô to visitors. Without the 

contrasting valley basins, the mountainous lands inside the park can illustrate only a portion of that 

theme. The loss or visual impairment as a result of major industrial, commercial, or military activity 

would alter the pastoral scene that adds a critical dimension to the national park.ò 

McGlothlin et al. (2012a) further summarize the value of the scenic characteristics of the park and its 

environs. They state: ñBecause of its extensive high relief centered on the Southern Snake Range, it 

is difficult to avoid substantial impacts to the parkôs scenic values when developments are sited in the 

adjacent valleys. The adjacent valley approaches themselves are considered to be components of the 

visitor experience. Additionally, large areas of the surrounding valleys are visible from the peak of 

Mt. Wheeler, the prime viewing point within the park. A hiking trail to the peak accommodates 

approximately 1,200 visitors per year that manage to make the strenuous hike to the top to experience 

the relatively unspoiled beauty of the surrounding Great Basin.ò  

Indicators / Measures 

Viewshed Condition Index 

Visibility of Spring Valley Wind Farm 

Regional Views of SEZs 

Condition - Trend 

 

Moderate Concern ï 

Unchanging ï  

Medium Confidence 
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Indicators/Measures 
Viewshed Condition Index 

Viewing these themes within the context and vast scale in which they exist helps to foster the 

understanding and significance of the parkôs purpose. This assessment primarily addresses views 

from within the park boundary of areas outside the park boundary.  

Data and Methods 

 

This assessment of the parkôs viewshed condition used two categories of indicators and measures 

(Table 12): one that included a GIS-based indicator (development features combined with an NPS 

composite viewshed), and two that qualitatively assess visibility of man-made features on the 

landscape- locally the Spring Valley Wind Farm and regionally two designated Solar Energy Zones 

(Wah Wah SEZ and the Dry Lake North SEZ). 

Table 12. Indicators used for resource assessment of viewshed in Great Basin NP. 

Indicator Indicator Definition 

Viewshed Condition Index 
GIS-based indicator; using NPS 25-mile & 10-mile (40-km & 16-km) radius 
composite viewshed combined with a Landscape Condition Index 
(development based) adjusted for visual impacts  

Visibility of Spring Valley wind farm 
from Wheeler Peak 

A narrative interpretation of the report by SWCA consultants to evaluate 
how accurate the assessment for the Spring Valley Wind Farm was; 
specifically how visible it really is from Wheeler Peak 

Regional Viewshed 
A narrative interpretation of a Google Earth assessment of what can be 
seen from higher elevations of Great Basin NP; specifically looking at two 
PEIS Solar Energy Zones (Wah Wah SEZ and Dry Lake Valley North SEZ). 

 
 

GIS-based Indicator: Viewshed Condition Index 

For the first indicator, Viewshed Condition Index, there 

were two geospatial inputs: a composite viewshed 

developed by the NPS (McGlothlin et al. 2012b) for 

Great Basin NP and a landscape condition index with visual impact and distance weights adjusted to 

rank features within a view relative to a presumed value associated with ñscenicò views. Each of 

these inputs is described in more detail below, followed by the methods for combining the two into 

the Viewshed Condition Index. The Valleys assessment area was initially identified for the viewshed 

analysis, along with Regional; however due to the data constraints of using the below described NPS 

composite viewshed, the real assessment area for viewshed condition index is a 25-mile (40-km) 

radius circle around the park, and an inner 10-mile (16-km) radius used to discuss differences 

between ñfurtherò views and ñcloserò views. 

Indicators / Measures 

Viewshed Condition Index 

Visibility of Spring Valley Wind Farm 

Regional Views of SEZs 
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Input 1: Composite Viewshed 

In response to development of the BLM Solar Energy Programmatic Environmental Impact 

Statement (BLM and DOE 2012) (PEIS; http://solareis.anl.gov/documents/fpeis/index.cfm), the NPS 

developed maps of where utility-scale solar energy development poses a high potential for conflict 

with natural, cultural, and/or visual resources administered by the NPS for 53 national parks in the 

western U.S. including Great Basin NP. One of the resources evaluated was viewsheds; the methods 

are documented in McGlothlin et al. 2012a and 2012b, and provided below and on 

http://solareis.anl.gov/maps/alternatives/index.cfm. 

In order to identify specific scenic views that extend beyond park boundaries, the NPS conducted a 

geographic information system (GIS)-based viewshed analysis that generated maps using individual 

park-identified Key Observation Points (KOPs). The KOPs delineated ñvisible/not visibleò areas in 

an individual park to 25 miles (40 km) beyond park boundaries. The intent of this ñline of sightò 

analysis was to determine 1) which lands outside parks could be seen from these KOPs, and 2) the 

extent of the acreage of these lands. 

The GIS effort used traditional and composite viewshed analyses. Traditional viewshed analyses 

evaluate the visibility of locations in a binary manner (i.e., Visible/Not Visible) across an area of 

interest (AOI) from a single, defined observation point (e.g., the KOP). The AOI is the area for 

which the viewshed analysis is being performed. In order to correspond to the Draft Solar PEIS, the 

AOI for the NPS analysis consisted of a 25-mile (40-km) area surrounding the park. A sample point 

is a location within the AOI that could potentially be visible from the KOP. For the purposes of the 

NPS analysis, the sample point was a potential location of a solar energy facility. 

Composite viewshed analyses combine the ñseen areasò of multiple viewsheds that may be calculated 

from more than one KOP. A visible value in a composite viewshed implies that at least one of the 

sample points is visible from, at minimum, one of the KOPs. In this manner, the number of visible 

KOPs is recorded on a cell-by-cell basis across the AOI. Composite viewsheds are a quick way to 

synthesize multiple viewsheds into a single map, thus giving a cursory overview of the land areas 

visible from a park looking out beyond its boundary. In the case of this analysis, identified areas 

outside the park were visible from at least one of the KOPs.  

For Great Basin NP, 23 KOPs within the park were identified- some were defined by local park 

personnel, others are named summits from the Geographic Names Information System (GNIS) 

database that occur within the park boundaries. The KOPs were chosen based on significant points of 

interest including the visitor center, scenic pullouts on the Wheeler Peak Scenic Drive, peak 

elevations at or near hiking trails or bristlecone pine groves, within bristlecone pine groves, park 

campgrounds, and points along the Osceola Ditch. The composite viewshed from the above analysis 

was selected for use in the Great Basin NP viewshed assessment and is shown below (Figure 17, 

left). The resultant dataset has a value for the number of KOPs within the park that can ñseeò any 

individual cell or pixel; in other words each pixel within the 25-mile (40-km) radius has a count of 

KOPs that can see the pixel, ranging from 0 to 16 (out of a total of 23).  



 

73 

 

 

Figure 17. Composite viewshed for Great Basin NP (left) and viewability index (right). Composite 
viewshed is based on KOPs (small green triangles) entirely within Great Basin NP (n=23); 4 categories of 
viewshed are displayed, consistent with original source data from NPS; however every pixel does have a 
value for the number of KOPS. Yellow (7-10 KOPs) and green (10-16 KOPs) are the most visible areas 
from the KOPs within the park. The viewability index is the result of scoring pixels from 0 to 1 in 10 
intervals of 0.1, where 0 = not visible from any KOPs, and 1 = visible from the maximum of 16 KOPs. 

For this NRCA analysis, the composite viewshed was further processed to convert the count of KOPs 

per pixel to a score from 0 to 1; the purpose being to combine this scored composite viewshed with 

the second input of a landscape condition index (described below). The assumption for the scoring is 

that the more visible a pixel is (higher number of KOPs) the better it scores, with a score of 1 

representing the best and most ñvisibleò pixels (Table 13). Concomitantly, a score of 0 was assigned 

to all pixels with no KOPs; these are the non-visible locations. In other words, the more places from 

which one can see that pixel, the better; having a view from the park to its environs is of greater 

value. This scored composite viewshed is called the viewability index (Figure 17, right) in the 

remainder of this section.  

Table 13. Count of key observation points (KOPs) and the viewability scores assigned to pixels with that 
number of KOPs. 

# of KOPs 1 2 3 4 5 6 7 8 

Score 0.063 0.125 0.188 0.250 0.313 0.375 0.438 0.500 
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Table 13 (continued). Count of key observation points (KOPs) and the viewability scores assigned to 
pixels with that number of KOPs. 

# of KOPs 9 10 11 12 13 14 15 16 

Score 0.563 0.625 0.688 0.750 0.813 0.875 0.938 1.000 

 

Input 2: Landscape Condition Index 

The second input to the Viewshed Condition Index is a model called the Landscape Condition Index 

(used in other assessments here, see Bighorn Sheep for example). A Landscape Condition Index is a 

30-meter resolution map surface that incorporates a land use/land cover intensity rating and a 

distance decay function, reflecting decreasing ecological impact with distance from the source 

(Comer and Hak 2009, Comer and Faber-Langendoen 2013). 

Visitor perceptions of man-made features vary from person to person, can be highly subjective, and 

there is no way to be completely objective in how they are defined or measured. Research has shown 

that there are certain landscape types and characteristics that people tend to prefer over others; most 

relevant for this assessment is a preference for natural over man-modified landscapes (Zube et al. 

1982, Kaplan and Kaplan 1989, Sheppard 2001, Kearney et al. 2008, Han 2010). However, 

indications are that man-made features seeming to fit with a perceived rural environment (ranch 

houses, winding dirt roads, etc.), do not evoke the same negative response as commercial or 

industrial developments, and may even add positively to the perceptions of the landscape (Kearney et 

al. 2008). Hence the visual impact weights (Table 14) assigned for the index in Figure 18 are ranked 

from less visually impacting (e.g. pasture) to more so, or even unpleasing (e.g. mines and paved 

highways). 

For purposes of the Great Basin NP viewshed assessment, the intensity and distance decay ratings 

were set (Table 14) under the following assumptions:  

1) Pastoral (agriculture, pastures), rural development (ranch houses), wells and small dirt roads have 

relatively low impact to scenic views. 

2) Mines, paved highways, the wind farm, small or large towns have a stronger impact on views, 

and are presumed to be more displeasing to most people. 

3) There is no ñdistance effect;ò in other words, the feature itself has the impact and increasing 

distance from it has no effect on the view. 

This model incorporates a number of distinct inputs, including roads of varying size and expected 

traffic volume, land uses from agriculture to urban and industrial (e.g. wind farm) uses. The index 

scores range from 0 to 1 (in intervals of 0.1), where a score of 1 indicates no development features, 

and scores ranging from 0.6 to 0 suggesting visually noticeable features (Figure 18) that may be 

unpleasing to a viewer in the park. For example, the Spring Valley wind farm, to the northwest of the 

park was ranked a 0.6 in visual impact (Table 14), and in the map shows clearly (blue, rectangular 

polygon to the northwest of the park). As can be seen in Figure 18, the valleys assessment boundary 

was used for the landscape condition index. 
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Figure 18. Landscape Condition Index tailored for viewshed analysis. 
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Table 14. Development features included in the viewshed landscape condition index, with scores for 
relative visual impact and distance from the feature. A score for impact of 1 suggests little to no visual 
impact; while those closer to 0 suggest visually unpleasing features. Features are sorted from presumed 
low visual impact (e.g. pastures at 0.9) to extreme visual impact (mines, 0.05). 

Development Theme 
Relative 

Visual 
Impact 

Distance 
(m) 

Pasture 0.9 50 

Agriculture 0.7 50 

Minor and dirt roads, including 4WD roads 0.7 50 

Wells, primarily for stock ponds 0.7 50 

Low intensity development 0.6 50 

Wind farm 0.6 50 

Local, neighborhood and connecting roads 0.5 50 

Medium intensity development 0.5 50 

Secondary and connecting roads, highways 0.2 50 

Mines 0.05 50 

 

Output: Viewshed Condition Index 

The above two geospatial inputs, the viewability index (scored composite viewshed) and the 

landscape condition index (development features weighted for impact to views) were combined into 

one model. Each pixel was assigned a score of ñviewabilityò (i.e. can be seen from many places 

within the park from the viewability index) combined with a relative rank of ñvisual impactò (i.e. 

man-made features ranked as visually of low to high impact, from the landscape condition index). 

The model was created by multiplying the score for each pixel from each of the two inputs 

(viewability and landscape condition indices). The resultant output is called the Viewshed Condition 

Index (Figure 19). In the figure, the boundary of the landscape condition index (valleys) combined 

with the 25-mile (40-km) radius viewability index resulted in portions of the viewability index not 

being scored or included in the final viewshed condition index. The 10-mile (16-km) radius boundary 

is also shown. 

For visualization and interpretation of the results, the viewshed condition index was overlaid with a 

mask that corresponds to a number of key observation points (KOPs). In the first mask, all locations 

with no or only 1 KOP able to see that location were masked out; hence the result shows the 

viewshed condition index for all pixels visible from 2 or more KOPs. For comparison, a second mask 

was done, with the number of KOPs masked being 3 or less; thus the viewshed condition index is 

seen for all pixels visible by 4 or more KOPs. These maps are presented in the Condition and Trend 

section below. 
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Figure 19. Viewshed condition index for GRBA.This is a combination of the landscape condition index 
modified for views and the viewability index, a scoring of the NPS composite viewshed. 
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Indicators/Measures 
Visibility of Spring Valley Wind Farm 

Regional Views of SEZs 

Qualitative Indicators: Local and Regional Views of Man-made Features 

For the two narrative indicators (views of 

Spring Valley Wind Farm, and regional views 

of SEZs), the purpose is to assess how local 

views into Spring Valley to the west, from the 

peak of Mt. Wheeler, have been affected by development of a wind farm with 66 turbine towers. 

Secondly, from a regional perspective, to assess how visible two Solar Energy Zones (SEZs) will be 

from the peak, should they be developed. 

The methods employed for these are relatively simple: Google Earth (GE) was utilized to simulate 

the view of the Spring Valley Wind Farm from two peaks within the park: Wheeler Peak and Bald 

Mountain. GE has good resolution satellite imagery and allows a simulation of looking across a 

landscape horizontally from a point towards something of interest (in this case the wind farm) and 

then saving it as an image file. Unfortunately, since GE imagery is from a vertical perspective, the 

towers and turbines are not visible when the simulation is of standing on Wheeler Peak. This 

simulation from GE was then compared to the assessment completed in 2009 by SWCA 

Environmental Consultants (SWCA 2009) prior to the build-out of the Spring Valley Wind Farm. In 

that assessment, SWCA simulated what the wind farm would look like from Wheeler Peak and 

compared that to the view without the farm. They also completed a Visual Contrast Rating 

Worksheet for the Wheeler Peak simulation, which employed standard methods developed by the 

Bureau of Land Management (BLM 1980, 1986). 

For the more regional view, a KMZ file with the locations of the Solar Energy Zones (SEZs) was 

downloaded from the Solar PEIS website. Two SEZs, as yet undeveloped, were selected for a visual 

assessment with Google Earth: the Wah Wah SEZ in Utah (southeast of the park), and Dry Lake 

Valley North (south southwest of the park), in Nevada. Distance, as measured in GE, from Wheeler 

Peak to the Wah Wah SEZ (Figure 20) is 61.4 miles (98.9 km), and 76.3 miles (122.8 km) to the Dry 

Lake Valley North SEZ (Figure 21); in both cases the measure was to the approximate center of the 

SEZ. GE was utilized to generate screenshots from various angles, looking from Wheeler Peak in the 

park to each SEZ. An elevation profile was also generated by GE showing the terrain between the 

peak and the SEZ. 
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Figure 20. Google Earth screenshot of Wheeler Peak (left center) and a line to the southeast to the Wah 
Wah SEZ (lower right). Below the image is an elevation profile generated by Google Earth from Wheeler 
Peak on the left to the SEZ on the right. 

 


































































































































































































































































































































































































































































































































































































































































































































































































































