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Executive Summary 

We compiled existing data and information to characterize the condition and trends in high 

priority natural resources in Crater Lake National Park. This report, and the spatial datasets 

provided with it, is intended to inform and support park managers and scientists in developing 

recommendations for improving or maintaining natural resource conditions in the park. It also 

can assist park resource managers in meeting the reporting requirements of the Government 

Performance Results Act and Office of Management and Budget. 

In attempts to describe the current condition and trends of the parkôs natural resources, we 

followed generally the Environmental Protection Agencyôs ñFramework for Assessing and 

Reporting on Ecological Conditionò (Young and Sanzone 2002). Specifically, we first identified 

seven natural resource themes considered by this parkôs managers and scientists to be most 

important. They are: 

¶ Precipitation, Temperature, Snowpack, and Lake Levels  

¶ Surface Water Quality 

¶ Aquatic Life 

¶ Terrestrial Vegetation 

¶ Wildlife  

¶ Air  Quality 

¶ Natural Quality of the Park Experience 

We identified 24 indicators to evaluate these seven resource concerns. For each indicator we then 

attempted to define reference conditions to which we could compare present conditions. Making 

that comparison, we described the condition of each indicator as ñGood,ò ñSomewhat 

Concerning,ò ñSignificant Concern,ò or ñIndeterminate.ò We described each indicatorôs trend as 

ñImproving,ò ñSomewhat Concerning,ò ñSignificant Concern,ò or ñIndeterminate.ò In each 

instance where we applied these terms, we also described (as high, moderate, or low) the 

certainty associated with our estimate. Where reference conditions that were the basis for our 

comparisons lacked quantitative standards, we based the assessment on qualitative descriptions 

of least-altered resource conditions derived from historical accounts, scientific literature, and 

professional opinion.  

Applying the 24 indicators, we determined that the condition of three indicators is of Significant 

Concern in this park. Those are: the distribution of forest stand ages, fire rotations, and extent of 

invasive pathogens. The reduced frequency of fire in some parts of the park has created 

conditions that are at the extreme end of the natural age distribution for the parkôs forest types. 

This can restrict the parkôs capacity to effectively support the regionôs wildlife  and plant 

diversity. 

We assigned a rating of ñSomewhat Concerningò to seven indicators:  

¶ Changes in Productivity and Diversity in Non-caldera Water Bodies 

¶ Changes in Ecologically Harmful Aquatic Species
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¶ Recovery of Disturbed Areas 

¶ Diversity of Native Terrestrial Wildlife  Species; Rare Species 

¶ Connectivity and Extent of Important Terrestrial Habitats 

¶ Deposition of Airborne Contaminants 

¶ Ozone Levels 

Park managers have limited capacity to influence the condition of the last three indicators. 

However, NPS has had some success working with policy makers and regulators to enforce 

stricter standards when park data indicated air quality problems resulting from local sources. 

The condition of a plurality of the indicators (11), including the condition of the caldera lake 

itself, was rated ñGood.ò However, information was insufficient to rate the present condition or 

trends of four important indicators throughout all areas of the park: 

¶ Annual Depth, Volume, and Persistence of Snowpack  

¶ Water Quality in Non-caldera Water Bodies 

¶ Rare Plants and Native Plant Diversity 

¶ Dark Night Sky 

Information sufficient to estimate trends was lacking for 16 of the 24 indicators, and none of the 

trends calculations were considered to have a high degree of certainty. 
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assessments in national park units. As a point of clarification, this document does not follow the 

standard report outline that the National Park Service (NPS) has established for the series. 

However, the condition assessment methodologies and reporting details found in chapter 4ðthe 

ñcore sectionò of the reportðdo conform to NPS guidelines. 
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1.0 NRCA Background 

What is the current condition of natural resources in our nationôs national parks? How has that 

condition changed in recent years? What might be the actual and potential causes of current and 

future change? This report, prepared under a National Park Service (NPS) agreement with 

Southern Oregon University (SOU), attempts to address these questions as they pertain to Crater 

Lake National Park. 

Addressing these questions is essential to the mission of the NPS. Thus, the NPS in 2003 

initiated overview assessments of each of 270-plus parks which NPS deemed to have significant 

natural resources and related values. Those assessments, termed ñNatural Resource Condition 

Assessmentsò (NRCAs), focus on compiling and interpreting existing data, and are intended to 

complement Inventory and Monitoring (I&M ) programs and other efforts that feature the 

collection of new data. Both programs complement and help support each parkôs development of 

a Resource Stewardship Strategy (RSS)
1
 and State of the Park Report, which focus instead on 

management targets and provides guidance on how to respond to and manage threats. NRCAs 

rely significantly on review and syntheses of existing data and maps, as contrasted with the NPS 

Vital Signs Program which mainly features the collection of new field data. 

NRCAs evaluate current conditions for a subset of natural resources and resource indicators. 

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 park resource conditions. 

They are meant to complementðnot replaceðtraditional issue- and threat-based resource 

assessments. As distinguishing characteristics, NRCAs: 

¶ are multi-disciplinary in scope;
2
  

¶ employ hierarchic indicator frameworks;
3

                                                 

1
 formerly called a Resource Management Plan (RMP). 

2
 The breadth of natural resources and number/type of indicators evaluated will vary by park.  

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

conditions;
4
 

¶ emphasize spatial evaluation of conditions and GIS (map) products;
5
 

¶ summarize key findings by park areas; and
6
 

¶ 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 reporting influences on 

resource conditions. These influences may include past activities or conditions that provide a 

helpful context for understanding current conditions, and/or present-day threats and stressors that 

are best interpreted at park, watershed, or landscape scales (though NRCAs are not required to 

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 statistic 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; those data, methods, and reference values are designed to be appropriate for the 

stated purpose of the project, and are adequately documented. 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. 

                                                 

4
 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-on response (e.g., ecological thresholds or management ñtriggersò). 

5
 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.  

6
 In addition to reporting on indicator-level conditions, NRCAs attempt 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. 
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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, 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 planning
7
 

and help parks to report on government accountability measures.
8
 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. For more information on the NRCA program, visit 

http://nature.nps.gov/water/nrca/index.cfm 

                                                 

7
 An 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. 

8
 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.  

http://nature.nps.gov/water/nrca/index.cfm
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2.0 Introduction and Resource Setting 

Crater Lake National Park is in southwest Oregon in the south-central portion of the Cascade 

Range (Figures 1, 2). The park encompasses approximately 182,304 acres and is heavily 

forested, except for scattered wetlands, sub-alpine meadows, and extensive pumice-covered flats. 

Elevations range from about 3,800 feet in the parkôs southwest corner to just over 8,900 feet at 

Mount Scott. Generally, the vegetation reflects a mosaic of forested and open nonforested areas 

typical of mainly-unaltered areas of the Southern Cascades. Vegetation ranges from a mixed 

conifer forest dominated by ponderosa pine at the south to mountain hemlock and whitebark pine 

forest at higher elevations (Appendix C).  

Near the center of the park is the parkôs most scenic and renowned resource, Crater Lake. With a 

depth of 1,943 feet, it is the deepest lake in the United States. The lake is in a caldera which was 

formed when the top of a 12,000-foot volcano, Mt. Mazama, erupted and collapsed about 7,700 

years ago. Over the centuries, the caldera has collected water from rain and snow to form the 

lake. It is about 5 miles in diameter and is surrounded by the jagged, steep-walled cliffs of the 

caldera left by the climactic eruption and collapse. The cliffs surrounding the lake rise from 500 

to 2,000 feet above the lakeôs surface.  

Crater Lake holds the world record for clarity among lakes. The lake has no inlets or outlets, and 

evaporation and seepage prevent it from accumulating water and becoming deeper. Crater Lake 

is considered a youthful lake with a high level of purity, attributable to the lack of inflowing 

streams that otherwise would introduce minerals and other debris. The lack of stream inflow 

greatly restricts the growth of aquatic plants, and the absence of sufficient carbonates inhibits the 

development of large shelled animals. The result is a high level of light penetration, one that 

exceeds the level found in other alpine lakes.  

The parkôs land slopes gradually downward in all directions outward from the caldera rim. 

Streams originating on the slopes of the caldera form headwaters of the Rogue River to the west 

or join the Klamath Basin to the south and east. Steep-walled canyons cut in pumice, such as at 

Annie, Castle, and Sun Creeks, contribute to the ruggedness of the terrain.  

Among many objectives described in the CRLA Resource Management Plan (NPS 1999), the 

following pertain specifically to natural resources and were used to help guide this NRCA: 

1. To know, qualitatively and quantitatively, the parkôs natural resources through 

comprehensive inventories.  

2. To understand inter- and intra-specific relationships, ecological roles, and the 

environmental, physical, and chemical conditions of these resources through research and 

monitoring.  

3. To develop our understanding in order to be able to determine the limits of natural 

variation, predict system health, and facilitate development of the best possible 

management strategies for resource protection.  
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4. To restore and maintain the natural terrestrial, aquatic, and atmospheric ecosystem 

conditions and processes, to the degree that is physically possible and politically 

practical, so they may operate unimpaired from human influences.  

5. In areas designated as "natural zones" (General Management Plan), to maintain or 

restore indigenous flora, fauna, and natural communities to the extent possible, to achieve 

species diversity and community structure equivalent to pre-Columbian times or post-

Columbian conditions which would have been created by natural events and processes.  

6. To protect rare species by measures aimed at preserving habitat and preventing 

extirpation, but which minimize adverse influences on other indigenous species.  

7. Within proposed Wilderness, to provide outstanding opportunities for solitude, with 

minimal evidence of modern civilization. 
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Figure 1. General location of Crater Lake National Park. 
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Figure 2. Base map of Crater Lake National Park.
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3.0 Study Scoping, Design, and Implementation 

3.1 Project Responsibilities 
Co-investigators for this project were Dr. Greg Jones, climatologist, Southern Oregon 

University, and Dr. Paul Adamus, ecologist, Oregon State University. Dr. Jones administered the 

agreement and analyzed climatologic data. Dr. Adamus served as report editor, as well as writing 

all sections except section 4.4, which addresses vegetation and fire regime. Those sections were 

prepared by Dennis Odion, vegetation ecologist, Southern Oregon University. Spatial data were 

compiled and analyzed by Ryan Reid and Lorin Groshong (GIS specialists, Southern Oregon 

University) with substantial input from other members of the project team.  

3.2 Framework, Reporting Areas, and Information Gathering 
This assessment is one of three NRCAs prepared under a single agreement with Southern Oregon 

University. The others pertain to Lava Beds National Monument and Lassen Volcanic National 

Park. The assessments began in October 2010 with a scoping workshop that included the SOU 

study team, most members of the NPS Project Oversight Committee
9
, and other scientists from 

the three parks being assessed. Held at the Lava Beds headquarters near Tulelake, California, the 

session began with a background description of the NRCA process presented by Marsha Davis 

from the NPS Pacific West Regional Office, followed by presentations by the project co-

principal investigators and others, and a group discussion focusing on project frameworks and 

strategy. Then the team traveled to Crater Lake and sought information from several scientists 

there.  

Natural resource issues in the park had recently been prioritized by the parkôs staff, using a 

structured input process, which was a great help in focusing our efforts. In no particular order, 

the 18 ñfocal themesò that were ranked highest (3 on a scale of 0 to 3) from a list of 56 themes 

considered potentially applicable to the three Klamath Network parks that are the subject of this 

SOU agreement were:  

¶ Lakes and Streams 

¶ Wetlands and Riparian Areas  

¶ Clean Water 

¶ Water Rights 

¶ Groundwater Flow 

¶ Logging or Habitat Conversion 

¶ Fire Regimes 

                                                 

9
 From Crater Lake National Park: Mac Brock (Chief of Resources Management and NRCA Project 

Manager), Jeff Runde (Resource Management Specialist and Data Manager), Chris Wayne (GIS 
Specialist). From Lava Beds National Monument: David Larson (formerly, Chief of Resource Management 
and NRCA Project Manager), Jason Mateljak (Resource Management Specialist), Shane Fryer (Physical 
Scientist). From Pacific West Regional Office: Marsha Davis (Geologist). From Lassen Volcanic National 
Park: Louise Johnson (formerly, Chief of Resources), Nancy Nordensten (formerly, Resource 
Management Specialist; Biologist), Janet Coles (Plant Ecologist).  
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¶ Fire Suppression and Fuels Management 

¶ Areas of Pristine or Old-growth Vegetation 

¶ Native Plant Restoration 

¶ Invasive Species (plants) 

¶ Invasive Species (animals) 

¶ Phenological Cycles 

¶ Solitude and Silence 

¶ Natural Quiet 

¶ Dark Night Sky 

¶ Moisture and Climate Cycles 

¶ Global Warming 

In addition, indicators of natural resource condition had recently been identified through the 

Klamath Networkôs Vital Signs planning process. Some of that information was used to target 

indicators pertinent to our NRCA effort.  

Subsequently, all relevant documents from the parks were identified. This task was made easier 

by the Klamath Network having recently completed a ñdata miningò report (Smith et al. 2006). 

That report was followed by a bibliographic database of nearly all published and unpublished 

documents and maps for these parks, up to about 2007. We augmented that database using online 

search engines (Web of Science, Google Scholar) to identify newer publications from the three 

parks, as well as locating relevant documents pertaining to the regions surrounding these parks, 

searching with phrases such as ñSouthern Cascades.ò We obtained complete digital copies 

(PDFs) of many publications that reported relevant research results from the park and 

surrounding region. We then indexed all digital documents in an Excel spreadsheet so they could 

be sorted by topic and year. The database and all the digital documents, as well as spatial data 

layers, were placed on a server computer at SOU that was accessible to the project team 

throughout this project. 

We reviewed and considered several frameworks for organizing our NRCA effort. We decided to 

follow generally the Environmental Protection Agencyôs ñFramework for Assessing and 

Reporting on Ecological Conditionò (Young and Sanzone 2002). Specifically, for each priority 

resource we identified multiple indicators of resource condition and defined reference conditions 

that could be used as a basis for assessing these. An ecological indicator is any measurable 

attribute that provides insights into the state of the environment and provides information beyond 

its own measurement (Noon 2003). Indicators are usually surrogates for properties or system 

responses that are too difficult  or costly to measure directly. Indicators differ from estimators in 

that functional relationships between the indicator and the various ecological attributes are 

generally unknown (McKelvey and Pearson 2001). Not all indicators are equally informativeð

one of the key challenges of an NRCA is to select those attributes whose values (or trends) 

provide insights into ecological integrity at the scale of the ecosystem.  

In developing the list of indicators and specific measures, we considered some basic criteria for 

useful ecological indicators as provided by Harwell et al. (1999): ñUseful indicators need to be 

understandable to multiple audiences, including scientists, policy makers, managers, and the 

public; they need to show status and/or condition over time; and there should be a clear, 
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transparent scientific basis for the assigned condition.ò Indicators need to be based on probability 

distributions whenever possible to capture the natural range of variation in conditions, and we 

have attempted to do that whenever possible. We evaluated the indicators we chose by assigning 

qualitative descriptors as follows: 

Condition: Good, Somewhat Concerning, Significant Concern, or Indeterminate. 

Trends: Improving, Somewhat Concerning, Significant Concern, or Indeterminate. 

Certainty : High, Medium, or Low. 

We defined these terms in the context of each specific resource or issue we evaluated. Most 

indicators were assessed at the park scale, although connections to regional conditions were 

noted where supported by previously published analyses. The maps prepared for this assessment 

potentially reveal differences in resources at a finer scale, i.e., within the park. Some of the 

spatial data were also compiled in tables organized by major watersheds that the park intersects. 

These ñanalysis unitsò are shown in Figure 3. 
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Figure 3. Watershed analysis units intersecting Crater Lake National Park. Numbers are USGS 
Hydrologic Unit Codes. 








































































































































































































































































































