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Rummaging through the attic

I recently completed a project that had been on my to-do list for about
10 years: create and annotate digital versions (PDFs) of the entire catalog of
Park Science articles and make them available online. Working from an index
produced by National Park Service (NPS) library staff, I had begun the project
years earlier, only to realize the goal was out of reach without a major time com-
mitment. I was reinvigorated by a request to incorporate the index and PDFs
into IRMA, the Integration of Resource Management Applications, which fa-
cilitates searching multiple NPS databases from a single Web portal. After nearly
three months of work the project is done. The PDFs—3,608 of them—have
been described with metadata, and the data records are being logged in IRMA.
The collection will soon be available through the Data Store at http://irma.nps
.gov/App/Portal. Later this year I plan to revamp the Park Science Web site
search feature for use with this new collection.

Poring over the digital “stacks of paper” to create the collection was an
exacting but enriching experience. I rediscovered many fine examples of expo-
sition, analysis, wit, and wisdom that trace three decades of change and growth
in the National Park Service with respect to research and resource management
capabilities. The needs to professionalize resource management, communicate
science findings effectively, and awaken NPS leaders to the full value of science
for park understanding and management are argued persuasively and earnestly.
Further strides are evident in the increase in resource management staffing
levels, expertise sharing as a model for the inventory and monitoring networks,
better access to scientific information, and broadening of park management ap-
proaches to ecosystems and consideration of landscape-level influences. Many
of the changes were to the NPS organization, which has helped with consistency
and integration of resource management programs. Individuals also stand out
as articulate spokespersons for shaping the culture in which NPS staff can best
understand, protect, and share park resources and their values.

In integrating research findings into park management, resource manage-
ment strives to ensure the future of park resources. In publishing articles about
this process Park Science aims to enhance this relationship. The recent devel-
opment of the article catalog will give readers better access to this important
source of knowledge and a historical look at our progress.

—Jeff Selleck, Editor
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New recreatlonal
water testing

alternatives

By Kurt Kesteloot, Azliyati Azizan,

: Richard Whitman, and Meredith Nevers -

ELEVATED LEVELS OF FECAL INDICA-
tor bacteria (FIB) such as Escherichia

coli (E. coli) and enterococci can indicate
the presence of pathogenic microorgan-
isms, leading to health risk concerns for
recreational areas along lakes, rivers, and
oceans. These pathogens can cause a
variety of illnesses in humans, including
gastrointestinal illnesses, rashes, and eye
infections. The U.S. Environmental Pro-
tection Agency (EPA) regulations provide
standards for FIB levels in recreational
waters that guide health advisory deci-
sions. Until they were revised in Novem-
ber 2012, EPA-approved methodologies
for monitoring FIB were relatively slow
in providing results to health officials and
recreational water users, typically 18—24
hours after sampling (Brady et al. 2009).

According to the USEPA (2012), there is no
scientific evidence supporting beach water
quality determinations based on, at best,
day-old (culture-based) data. Thus, health
advisories or beach closures are usually
issued many hours after visitors may have
been exposed to potential pathogens and
have since left the area.

Since the EPA recreational water FIB
limits were established in 1986, faster
methods have been developed; however,
until recently, they were prohibitively
expensive, complicated, unproven, and
pending approval for protecting public
health (USEPA Office of Water 2003;
USEPA 2006). The National Park Service
(NPS) monitors recreational water quality
according to the EPA standards and for

A technician samples water from a

swimming area adjacent to Indiana
Dunes National Lakeshore: New-ana-
lytical methods allow for near-real time

.. test results of water quality and bet-
. ter'protection. of publichealth.: . 7=~

more than a decade, along with federal and
other scientists and public health officials,
has raised concerns that the lag time of
standard reporting methods places water
recreators at unacceptable levels of risk for
waterborne disease outbreaks. However,
in November 2012 the EPA revised its
recreation water quality testing standards,
allowing park and recreation area manag-
ers to begin to incorporate some of the
newer, more effective testing methods that
we review in this article into their opera-
tions.

Background

Congress enacted the BEACH (Beaches
Environmental Assessment and Coastal



Abstract

Each year recreational water users descend on national parks by the millions. U.S.
Environmental Protection Agency (EPA) regulations require monitoring waters for fecal
indicator bacteria in order to safeguard human health, and obtaining results using the
culturing method takes 18 hours or more of analytical time. Thus, under this surveillance
regime swimmers can be exposed to waterborne disease organisms before health advisories
can be issued. To address the need for timelier notification of recreational water quality,

the EPA has evaluated and approved new and faster testing methods as of November 2012.
This article discusses new recreational water testing methodologies such as qPCR, empirical
predictive modeling, rainfall threshold levels, and advanced notification options for park

managers to consider and tailor to their needs.

Key words

advanced notification, empirical predictive modeling, qPCR, rainfall threshold levels,

recreational water testing, water-quality testing

Health) Act in 2000, amending and
strengthening the Clean Water Act with
respect to recreational water quality. Sec-
tion 304 stated that within five years of the
BEACH Act enactment, new or revised
water quality standards for pathogens and
pathogen indicators should be developed
to better protect human health in coastal
recreational waters. It also stipulated that
within three years of revision to Clean
Water Act section 304, states and tribes
with coastal waters must adopt new or
revised water quality standards applicable
to changes in section 304 pathogen report-
ing. It further encouraged the continuing
development of accurate, timely, and
cost-effective methods for modeling and
analyzing recreational water for pathogens
harmful to human health (USEPA Office
of Water and Office of Research and De-
velopment 2007).

Prompted by BEACH Act provisions, the
EPA, Centers for Disease Control, local
health departments, and many others
collaborated on the National Epidemio-
logical and Environmental Assessment of
Recreational Water (NEEAR) and other
studies to evaluate real-time recreational
water testing techniques. Microbiologi-
cal methods were tested for enterococci,

Bacteroides, and alternate fecal indicator
organisms. The methods were further
assessed for specificity and sensitivity,
their ability to reduce detection levels
below the 1986 EPA enterococci limit, and
the validity of data derived from samples
that have endured long holding times.
Alternate monitoring approaches were
also explored, such as determining which
hydrometeorological or chemical fac-

tors could predict FIB concentrations in
swimming water. Among these, empirical
predictive models (statistical models) were
identified as especially promising (USEPA
Office of Water 2011).

This article highlights the current devel-
opments and needs for a cost-effective,
timely monitoring technique to protect
swimmers’ health in coastal waters. We
review the recently revised federal criteria
for safe swimming and discuss approaches
the beach manager can use to combine

or adapt methods for more accurate,
site-specific application. We analyze and
summarize four methodologies (see table
1, next page) because they appear to be the
most viable options that are now available
for testing recreational water in a timelier
fashion.

New methodologies

The qPCR Method

Quantitative polymerase chain reaction
(qPCR) is used in recreational water ap-
plications to detect Bacteroides or entero-
cocci in water samples by identifying a
particular signature genetic marker. When
testing for enterococci, qPCR is more
than 85% accurate in correctly identifying
EPA-approved FIB levels (SCCWRP 2010).
Figure 1 (next page) illustrates the cor-
relation between incidences of reported
swimming-related gastrointestinal ill-
nesses and the average daily enterococcus
values as measured using qPCR. Results
of analyses for enterococci using qPCR
do not typically match culturable bacteria
counts: qPCR enumerates both live and
dead bacteria. Studies have shown high
correlations between qPCR and cultur-
able counts, however, and studies in both
marine and freshwater have revealed

that public health protection decisions
would be similar if time were not a factor
(SCCWRP 2010; Whitman et al. 2010).
However, the largest difference between
the analytical techniques is that gPCR
results can be obtained in just three to four
hours, making it far timelier than cultur-
able counts. In extensive epidemiological
studies conducted by the EPA (NEEAR
study) to test the use of qPCR for predict-
ing illness of swimmers potentially ex-
posed to point sources such as wastewater
effluent, there was a significant correlation
between incidences of gastrointestinal
illnesses in swimmers and enterococcus
levels as identified through the qPCR test-
ing method. One study location at Indiana
Dunes National Lakeshore (West Beach)
showed a significant relationship between
qPCR and the number of illnesses con-
tracted by visitors (USEPA Office of Water
20104).

The initial cost of a qPCR system is
$30,000-850,000, and the cost of each
individual test ranges from $8 to $15. Use
of qPCR also requires training for lab
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A rapid gene probe method used to
quantify FIB levels; Cepheid Smart Cycler
is an example of a device that provides

Empirical Predictive Models

Tests various water and weather charac-
teristics and develops relationships to
FIB levels

Table 1. Characteristics of emerging testing methodologies for fecal indicator bacteria

Rainfall Threshold Levels

Compares rainfall levels over specified
durations from different floodplains that
drain into recreational waters under

Advanced Notification

Analyzes statistical models, rainfall
threshold values, weather predictions,
and other data

means to speed up reactions. investigation

Resource managers select most cost-
effective and statistically representative
hydrometeorological characteristic that
relates to FIB levels

Extrapolates FIB levels for future by

Significant setup cost Relates FIB levels to rainfall combining model results

Nominal single-test costs Significant cost to develop thresholds Significant development costs for mod-
els and correlations

Need for skilled staff with training Little to no cost for individual tests

Potential significant development cost

il cost Zar insiviclual iesis Nominal to marginal cost for individual

FIB levels determined in 3 hours or less e

Staff with little to no training

Need for skilled staff with limited
training

Applicable to many sites FIB levels in minutes to hours

Need for skilled staff with limited
Accepted by EPA with evidence of statis- training

tical significance for health effects

N Site-specific
FIB levels in minutes to hours P

Accepted by EPA with evidence of statis- Predictive FIB levels

Typically site-specific tical significance

Typically site-specific
Accepted by EPA with evidence of statis-

tical significance Accepted by EPA with evidence of statis-

tical significance

4 —— Swimming-associated lliness .
| —— 95% Confidence Bound 4
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personnel to process and analyze results.
Expensive initially, use of qPCR testing
becomes more cost-effective as more tests
are performed. The EPA has developed
and validated a molecular testing method
with qPCR, which is a rapid analytical
technique for the detection of enterococci
in recreational water (EPA Method 1611).
Accordingly, it encourages federal and
state agencies responsible for water quality
monitoring to perform site-specific condi-
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wide standards for FIB recreational water
quality monitoring via qPCR. Agencies
interested in developing site-specific water
quality standards using qPCR will find a
detailed discussion of EPA recommenda- 10
tions at http://water.epa.gov/scitech
/swguidance/standards/criteria/health
[recreation/upload/factsheet2012.pdf.
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Figure 1. This graph relates the number of swimming-related gastrointestinal illnesses as
defined by the National Epidemiological and Environmental Assessment of Recreational Water
(NEEAR) study program to the average daily enterococcus gqPCR calibrator cell equivalents

Empirical predictive models - . T
(USEPA 2012), one of the promising new surveillance methods we review in this article.

Commonly referred to as statistical mod-
els, empirical models can offer accurate
and timely determinations of FIB levels

in recreational waters. Physical, chemical,
and meteorological conditions are com-
monly analyzed for statistical correlation
with FIB and often include wind speed
and direction, current magnitude and di-
rection, tide or moon phase, river flow and

stage, lake stage, groundwater levels, and
physical location of the recreational area
(USEPA Office of Water 2010b). Turbidity
is a commonly used physical character-
istic for approximating FIB, and can be
measured instantaneously with a sensing

probe. If an analysis of turbidity and bac-
teria levels reveals a statistically significant
correlation between the two, then a single
turbidity sensor reading can be used to
signal unhealthy recreational water condi-
tions. These empirical predictive models
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Turbidity, in NTU

can be developed using single or multiple
parameters, providing a robust prediction
of real-time water quality (Nevers and
Whitman 2005). Hydrodynamic models
have been developed, but use and valida-
tion are trailing the traditional multiple
linear regression models currently in use.

Since 2002 the National Park Service has
based its health advisories for the Chat-
tahoochee River National Recreation Area
(NRA), Georgia, on empirical predictive
models that correlate turbidity with E. coli
and total coliform counts (USGS 2002). As
shown in figure 2, some locations have a
stronger correlation (7 value) of turbidity
to bacteria than others. At Chattahoochee

River NRA, the 7 value between turbidity
and E. coli ranged from o.12 to 0.88, while
the r value between turbidity and total co-
liform ranged from 0.28 to 0.76. An  value
nearing 1.0 indicates a strong relationship
between the data, while a value at or near
0.0 indicates little or no relationship be-
tween the sets of data compared. There-
fore, in some locations at Chattahoochee
NRA, turbidity levels provide a better
indication of the amount of E. coli in the
water than does total coliform.

Cuyahoga Valley National Park (Ohio) has
also evaluated a similar model comparing
turbidity and E. coli levels in the water. The
model delivered promising results in 2009

Chattahoochee River near Norcross Panola Creek (Background)
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at the Jaite site on the Cuyahoga River by
correctly identifying unsafe levels of E. coli
81% of the time compared with traditional
culture-based EPA testing methods. Ata
nearby river location called Independence,
this same model also correctly identi-

fied unsafe E. coli levels 91% of the time,

as opposed to 88% using the traditional
method. However, results for other loca-
tions were not as accurate, with percent-
ages in the low 70s for the model and

low 8os for traditional methods (Brady et
al. 2009). In 2011, one application of the
turbidity-based model deemed the water
safe when actually it tested poor using tra-
ditional methods (USGS Ohio Water Sci-
ence Center 2011). The big advantage of the
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The use of water quality standards specific to a location, combined with empirical

predictive models, resulted in the greatest beach access without compromising health

protection.

turbidity-based model, of course, is that it
provided results within one hour, mak-
ing it timelier than traditional monitoring
methods. The EPA looks at empirical pre-
dictive models as a support tool for notify-
ing recreational water users, thus there is
no official r, R?, or percentage comparison
that is accepted that allows sole use of an
empirical model for notifying and legally
monitoring recreational waters.

Likewise, Indiana Dunes National Lake-
shore uses predictive models developed
by the U.S. Geological Survey (USGS) that
assist with determining FIB levels at West
Beach in the park and nearby Burns Ditch
(Olyphant and Whitman 2004; Nevers and
Whitman 2005). Based on the research of
Nevers and Whitman (2011), the use of wa-
ter quality standards specific to a location,
combined with empirical predictive mod-
els, resulted in the greatest beach access
without compromising health protection.
However, they found that beach-specific
models often incur greater costs than
regional models that incorporate multiple
beaches (Nevers and Whitman 2008).
USGS scientists refined their model by
including turbidity results along with many
other hydrometeorological variables, such
as rainfall, wind speed and direction, wave
height, lake stage, air and water tempera-
ture, nearby stream discharge, and E. coli
loading from nearby streams (Nevers and
Whitman 2005). They also correlated their
results with qPCR analyses of enterococci
levels and found that the revised model
more accurately closed beaches than the
traditional method, with 95% accuracy

in correctly issuing beach advisories. In
areas where turbidity models do not work
well, qPCR and those models linked to
other water quality characteristics or
hydrometeorological variables may prove
timelier and more cost-effective. Cur-
rent models for Portage Lakefront Beach,
Indiana Dunes National Lakeshore,
yielded highly reliable results (R*of 0.7)

as opposed to an R? of 0.1 using culturing
techniques. One of the most current and
sophisticated programs of public notifica-
tion of beach conditions was developed by
Nevers and Whitman in collaboration with
the Chicago Park District. Three weather
stations and seven water quality monitor-
ing buoys gather data and predict swim-
ming conditions continuously, feeding the
information to the Internet, smartphones,
and managers, keeping everyone abreast
of swimming conditions in real time
(Hazlett 2011).

The chief disadvantage of modeling is the
degree of expertise in modern statistics
needed to develop and optimize the
performance. To address this problem,
the EPA developed software that is highly
user-friendly. Virtual Beach 2.0 is a com-
puter program that develops, tests, and
ranks multiple linear regression models
based on user-specified selection criteria.
This allows users to settle on the best
model for their application. More infor-
mation about the program can be found in
Zepp et al. 2010 and at http://www.epa
.gov/ceampubl/swater/vb2/.

Rain threshold levels

Runoff from rainfall often contains harm-
ful pollutants that may include elevated
levels of fecal indicator bacteria. Rainfall
thresholds, for example inches of rain

in a 24-hour period, are useful indica-

tors of FIB levels at beaches impacted by
ariver or stream outfall; thresholds can
serve as the primary method for identify-
ing when FIB levels are likely to exceed
recreational water quality standards. Rain
threshold levels are a form of empirical
predictive model. The rainfall threshold
level is related to the amount and inten-
sity of a rainfall event in a watershed that
drains to a specific recreational water

area under monitoring. Thresholds are
relatively easily determined by analysis

of a statistical association between FIB
and rainfall levels. California, Delaware,
Hawaii, New Jersey, Wisconsin, New York,
and Scotland are a few locations that use
rainfall thresholds to determine when to
post beach advisories (reviewed in USEPA
Office of Water 2010b). These alerts often
need to remain in effect for 24 hours after
the rain event to ensure that water qual-
ity returns to acceptable levels for water
recreation. The rainfall threshold advisory
method has proven effective when rainfall
occurs during periods of normal weather
or drought, as contaminants build up

on land. It is highlighted separately here
because it is a cost-effective method for
national park units to consider. However,
beaches and recreational areas cannot rely
solely on this method.



Advanced notification and

emerging technologies

The National Oceanic and Atmospheric
Administration (NOAA) maintains fore-
casting models, such as Nowcast, that aid
in predicting recreational water quality

up to 120 hours in advance. The Nowcast
cycle uses surface meteorological data
gathered from the National Ocean Service
(NOS) Operation Data Acquisition and
Archive System (ODAAS). The National
Weather Service (NWS), National Centers
for Environmental Prediction (NCEP),
and National Coastal Ocean Program
(NCOP) provide meteorological data to
ODAAS from the NCEP’s central comput-
er system two times per hour to assist in
developing forecasting models (Kelley et
al. 2007). Based on models, NOAA’s Great
Lakes Environmental Research Labora-
tory has been working to develop specific
forecasting methods for Grand River,
Michigan (near Grand Rapids), and
Burns Ditch, adjacent to Indiana Dunes
National Lakeshore. More information
on these techniques can be found at
http://www.glerl.noaa.gov/res/glcfs

/gh/, http://www.glerl.noaa.gov/pubs
/fulltext/2007/2007tmNOS_CS8.pdf, and
http://www.glerl.noaa.gov/res/glcfs/bd/
(USEPA Office of Water 2010b).

The NOAA Human Health Initiative is
developing prototypic beach-closure
forecasting models. NOAA is attempting
to forecast E. coli and enterococci con-
centrations throughout the Great Lakes
using three-dimensional hydrodynamic
modeling. Staff compares model results
with field data and evaluates the ecological
consequences of model simulations under
varied weather and FIB loading conditions
(NOAA CEGLHH 2012). Development

of predictive and empirical predictive
models along with rainfall threshold levels
will help provide for minimal to low-risk
recreational water access, and combina-
tions of various types of testing will aid
further in the development of real-time,

STATE OF SCIENCE _

cost-effective notification for recreational
water users.

Summary

Development of real-time water quality
testing methodologies is an important
step toward decreasing health risks for
water recreators. The culture-based EPA
recreational water testing methodologies
in place from 1986 to 2012 determined

FIB levels in 18 hours or more, whereas
the new FIB testing methods, released by
the EPA in November 2012, return results
in three hours or less and result in fewer
beach closures than traditional methods,
without increasing health risks. These new
methods and models incur significant
start-up costs and greater complexity but
provide a means to notify recreators of the
public health risks associated with recre-
ational water activities in near-real time,
which in itself provides economic benefits
as well as health advantages (Rabinovici
et al. 2004; USEPA Office of Water 2012).
They also give managers more flexibility
to tailor their recreational water quality
monitoring to best meet their needs.

The array of techniques now available for
recreational water quality analysis are a
boon to public health safety, but evaluat-
ing the trade-offs in cost and other factors
creates challenging decisions. Managers
may need guidance from scientists and
experienced regulators to help choose and
implement appropriate management and
monitoring strategies. Fortunately, veteran
scientists and public health profession-

als at the Department of the Interior, the
EPA, the state level, and universities can
provide managers with good information
to optimize solutions that protect swim-
mers and park resources alike and address
programmatic feasibility. Organizations
such as the Great Lakes Beach Associa-
tion are another great resource for further
information.

The field of recreational water quality
monitoring technology has been evolving
rapidly, and here we have covered only a
few techniques recommended by the EPA.
However, several additional methods are
now in development and will continue to
advance the state of the art. For example,
new in situ devices that measure patho-
gens directly, the use of anthropogenic
chemical tracers, molecular markers and
arrays, sophisticated computer modeling,
dynamic modeling, and longer-scale fore-
casting are emerging techniques that hold
promise. The best news is that technology
for evaluating recreational water quality

is quickly improving, providing manag-
ers with the promise of higher confidence
in making the best decisions for the safe,
healthy enjoyment of recreational aquatic
resources in the National Park System.
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Information Crossfile

BOOKS

Outdoor recreation management duo

Studies in Qutdoor Recreaticn

MANAGING OUTDOOR
RECREATION

CASE STUDIES IN THE NATIONAL PARKS

SOCIAL SCIENTIST AND PROFESSOR OF RECREATION MAN-
agement Robert Manning of the University of Vermont has pub-
lished a couple of books in the past two years that park managers
may find useful. The first, released in 2011, is the third edition of
Studies in Outdoor Recreation: Search and Research for Satisfac-
tion. For 25 years this work has served as an important reference
for park and recreation managers and a standard text in college
courses. It reviews social science research on outdoor recreation
and synthesizes it into a body of knowledge that not only provides a
historical perspective on the research but also further develops the
practical management implications of this knowledge. This edition
is fully revised to reflect current research and new field concerns.
A new chapter examines the emerging issue of sense of place and
its relationship to outdoor recreation. The book concludes with 20
principles to guide outdoor recreation management and research.
An extensive bibliography of nearly 2,000 entries and a related ap-
pendix help guide readers to valuable primary source material. The
book is published by Oregon State University Press in Corvallis.

The second work, written with Laura E. Anderson, a postdoctoral
associate with the Rubenstien School of Environment and Natural
Resources and Park Studies Laboratory at the University of Ver-
mont, examines strategies for managing outdoor recreation in ways
that protect the integrity of park resources and the quality of the
visitor experience. Organized in three parts, the book is both theo-
retical and practical in its approach. Part I outlines potential im-
pacts from outdoor recreation, describes the range of management
strategies and practices that can be employed, and develops a series
of matrices to help guide management choices. Part II analyzes 20
case studies of successful outdoor recreation management in the
national parks. They exemplify a wide variety of contemporary
issues from many parks: crowding, road congestion, visitor safety
around wildlife, protecting water quality, trampling of vegetation

and soil compaction, excessive noise, light pollution, and looting
of cultural artifacts. The solutions offered cover a range of manage-
ment tactics: the development of effective educational programs
and informational materials; innovative design of trails, campsites,
facilities, and services; use of rules, regulations, and zoning; and the
equitable allocation of and access to particular kinds of activities.
The final section discusses a set of best practices to guide manage-
ment of outdoor recreation in the national parks and elsewhere.
The book is published by CABI, Cambridge, Massachusetts.

SOFTWARE

Rocky Mountain Wildflowers

THERE’S AN “APP” FOR THAT TOO. HIGH COUNTRY APPS
has developed an inexpensive ($5) mobile field guide called
“Colorado Rocky Mountain Wildflowers.” Designed for the
tablet, smartphone, or Kindle, the app functions without a phone
signal and is well-suited to field use. Like a traditional field guide,
it features color photos, drawings, descriptive information, range
maps, and a key for identifying plants. It differs in the flexibility
you have to construct your own plant lists or locate particular
species, which you do by selecting parameters from a master list
that includes size, habitat type, leaf shape, flower color, and status
as a native, invasive, or noxious species, among many others.
The resulting plant list changes as you modify your selections.
To browse a plant list you tap a small photo of a species to reveal
illustrations of that plant’s features and a range map, or you can
choose to view full descriptive information and related facts
about the species. Another useful feature is the ability to alpha-
betize the lists by common or scientific name or by family group.
Picture quality and variety are good and the information is based
on botanical authorities. Other educational features are diagrams
of flower parts and leaf characteristics, a glossary of botanical
terms, a description of plant families, and user help. The app can
be updated as new information becomes available. The develop-
ers have plans to increase the app’s functionality for scientific
field uses, including developing a field notes feature, a way to save
user-built plant lists and log users’ photos with GPS location in-
formation, and the ability to output data. All told, the application
features photos of 530 species of wildflowers, ferns, shrubs, and
trees with an additional 150 species described but not illustrated.
Coverage is from the foothills to alpine life zones throughout
the Rocky Mountains of Colorado, Wyoming, eastern Utah, and
Montana. The developers have also released similar applications
for wildflowers of the Yellowstone and Glacier National Parks
regions and the Wasatch Mountains of Utah. They welcome
feedback from users.

—Jeff Selleck
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Using landscape patterns, climate projections, and species distribution
models to map future potential habitats for desert tortoise, Shivwits
milk-vetch, and American pika in Zion National Park, Utah

By David Thomaand Henry Shovic

at Zion National Park, Utah, has steadily
increased since 1928 and will likely continue
to increase as more carbon dioxide is added
to the atmosphere (IPCC 2007a; Gonzalez
etal. 2010) (fig. 1). Climate projections for
Zion suggest that mean annual temperature
by 2100 may be higher on average than in
any year in the last century, including the
1934 Dust Bowl. Natural variability ensures
that the temperature trend will not be as
linear as shown by projections in figure 1,
but at broad scales the upward direction
and magnitude are very likely (>90% prob-
ability), according to the most credible and
widely accepted projections (IPCC 2007b).
Projected changes in precipitation are less
certain, with some scenarios indicating
increase and others decrease. What effect
these changes in climate might have on
species distributions if the new “normal”
exceeds anything we have seen in the last
100 years is of great interest to park manag-
ers. We examine this question by explicitly
mapping potential habitat under climate
change scenarios 100 years from now for
three species of concern in Zion by follow-
ing established guidelines for vulnerability
assessments (Glick et al. 2011). These maps
and the associated data are a first step
toward developing the credible scientific
underpinnings for park-level planning
under the constraints and opportunities of
climate change.

Climate is the most important driver of
species distributions at broad scales, but
other factors like species interactions,
dispersal, and physical factors such as soil
type influence species distributions at the
local or park scale. As climate changes,
species will adapt, migrate, or perish in re-

Abstract

Quantitative assessment of climate effects is needed to help understand the spatial
distribution of change to species habitat and species distribution that may occur in the

next 100 years. This can provide insight for developing mitigation and adaptation actions
for species survival on a park-level basis. We modeled the potential impacts of projected
temperature change on habitat suitability for desert tortoise, Shivwits milk-vetch, and
American pika in and around Zion National Park, Utah. We used species distribution

models with historical temperature data from weather stations and climate projections of
temperature to determine the location and suitability of present-day potential habitat and
potential habitat in the year 2100. Our analysis was not intended to predict habitat quality
or how species might respond. Rather, it was intended to map the location of potential or
suitable habitat in Zion. Results indicated suitable habitat may increase in area for Shivwits
milk-vetch, increase in suitability for the desert tortoise, but decline in area for American
pika. Based on these findings, we made interpretations that summarized species vulnerability
and potential impacts on species habitat and on park management. This type of information
can serve as a starting point for developing a practical adaptation framework that considers

potential management options at different temporal and spatial scales.

Key words

American pika, climate change, climate projections, desert tortoise, lapse rate , mapping
habitat changes, Shivwits milk-vetch, species distribution model, vulnerability assessment

sponse to both direct and indirect effects,
but which are the most likely outcomes?
That depends on species life history traits,
availability of habitat in the future, and a
host of other factors that we cannot pre-
dict with accuracy. However, mapping the
intersection of important landscape pa-
rameters in and near parks and climate in
relation to species distributions provides
clues to help predict where suitable habitat
may exist in the future.

Habitat maps are integral to adaptation
frameworks in order to plan courses

of action that could include managing
for resilience, resistance, and facilitated
migration (Stephenson and Millar 2012).
More immediate actions based on habitat
maps could include negotiating land sales
or conservation agreements to protect or

link habitats. Collectively, these kinds of
adaptation actions could provide time and
space for species to adapt to new climates.
Yet in spite of its importance for plan-
ning, predicting future habitat for specific
organisms is an evolving science with
considerable uncertainty.

The goal of this research was to use exist-
ing data, models, and information from
subject-matter experts to map current

and future potential habitat for selected
species in Zion National Park as input to a
vulnerability assessment. Our focus was on
the potential future habitat of the threat-
ened desert tortoise (Xerobates [Gopherus)
agassizii), the endangered Shivwits milk-
vetch (Astragalus ampullarioides), and the
climate-sensitive American pika (Ochotona
princeps) in and near Zion (fig. 1).
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Figure 1. (A) Zion-centered study area with location
of Zion National Park headquarters weather station
(red star). (B) Historical and projected trends in mean
annual temperature (MAT) for the 1928-2008 period.
The red line is the linear trend in the historical MAT.
The dashed and dotted lines are the most recent 30-
year averages, 16.6°C (61.9°F) linearly modeled into
the future under IPCC emission scenarios with MAT
in 2100 projected to be 19.3°C (66.7°F) under B1 and
20.7°C (69.3°F) under A2 scenarios (projections made
using IPCC 2007) (Gonzalez et al. 2010). (C) Zion
Canyon and the town of Springdale, Utah, looking
north across desert tortoise and Shivwits milk-vetch
habitat. Potential pika habitat occurs in isolated areas
on the highest plateaus. Large vertical arrow indicates
relief between Zion Canyon and the summit of West
Temple. Horizontal arrows indicate vertical shift in
MAT that may affect habitat suitability and location
under A2 and B1 emission scenarios by 2100.

The net result of projected changes in
temperature and precipitation over the next
100 years will most likely be upslope com-
pensatory range shifts (retraction) for most
species (Stephenson and Das 2011). The
expectation of upslope range retraction in
the next century is consistent with observed
upslope retraction for small mammals in
Yosemite National Park (California) since
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1914 on the order of 500 m (1,641 ft) per
century (Moritz et al. 2008) and observed
vertical shifts of 145 m (476 ft) per decade
for Great Basin region pika since 2000

(Beever et al. 2011).

We used mean annual temperature projec-
tions from the Intergovernmental Panel on
Climate Change (IPCC 2007a) that were
downscaled to our study area (Gonzalez

et al. 2010). We selected 100-year climate
scenarios Bi, representing a low greenhouse
gas emission scenario (using the lower value

of the range, or a 3°C [5.4°F] increase), and
A2, representing a high-emission scenario
(using the upper value of the range, or a
4.6°C [83°F] increase). This gave us a wide
range of possible MAT futures for modeling
habitat shifts and changes in habitat suitabil-
ity. For this study we used projected changes
in MAT alone as the climate predictor be-
cause of the inherent variability of precipi-
tation and the wide range in its projected
changes, which include both increases and
decreases for this region over the next 100
years (Gonzalez et al. 2010; IPCC 2007¢).
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Our mapping of potential future habitat
consisted of three steps. First, we identi-
fied the spatial habitat characteristics and
extent (e.g., talus for pika) of present-day
species occurrence. This was accom-
plished via literature review and applica-
tion of species distribution and persis-
tence models (SDMs) (Beever et al. 2011;
Nussear et al. 2009; Miller et al. 2007).
Then we used the lapse rate to predict the
elevation range where temperatures favor-
able to the species may occur in 2100. In
the third step we used the shift as input to
each SDM, mapped the resultant habitat,
and compared it with its present extent.

Temperature lapse rate is the change in
mean annual temperature with elevation,
which we estimated from quality-screened
mean annual temperatures since 1993
collected from seven weather stations in
and near Zion. The lapse rate of 73°C/km
(4.0°F/1,000 ft) (90% confidence interval
+0.9°C [1.62°F]) means the average an-
nual temperature is 7.3°C (13.1°F) cooler
for every 1,000 m (3,280 ft) increase in
elevation. Although lapse rates vary by
region and location, ours is within the
range reported by others (Ray et al. 2010;
Minder et al. 2010). We determined the
vertical elevation shift where mean annual
temperature today will be in 2100 by divid-
ing the projected temperature increase by
the MAT lapse rate. For example the lower
range for scenario B1 projections suggests
a +3°C (5.4°F) change in mean annual
temperature by 2100, which results in a
given MAT upslope shift of approximately
400 m (1,300 ft). Similarly, the higher range
for the A2 projection indicates an upslope
vertical range shift of approximately 650 m
(2,100 ft) (fig. 1, previous page).
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Actual range shift will vary by individual
species and location, as has been observed
in both paleontological and contemporary
studies (Lyons 2003; Moritz et al. 2008).
However, our coarse estimates are similar
to rates of upslope habitat retraction al-
ready observed for some small mammals in
Yosemite National Park and are about half
the rate of upslope retraction observed for
pika across the Great Basin region (Moritz
et al. 2008; Beever et al. 2011).

For this project, we mapped the extent
of talus patches that consisted of talus
fragments greater than 25 cm (9.8 inches)
in diameter as potentially suitable pika
habitat. We then compared the elevation
of mapped talus patches with a model of
pika persistence from the Great Basin that
quantifies the likelihood of pika persis-
tence as a function of latitude, elevation,
and available nearby talus (Beever et al.
2011) to predict latitude and elevation
ranges favorable for pika survival.

The suitability of desert tortoise habitat
was based on a spatial, statistical species-
presence model (Nussear et al. 2009).
Nussear used tortoise locations with an
array of environmental factors to predict
determinants of habitat suitability in the
species’ range and to calculate a numeri-
cal index of that suitability. Elevation and
vegetation productivity were the most
important contributors to the model and
were used in this analysis.

The milk-vetch habitat model is based on
a spatial intersection of factors that are
strongly correlated with its distribution
(Miller et. al. 2007). These include an ob-
ligate relationship to the Chinle geologic
formation, an elevation range between
600 m and 1,700 m (2,000 ft and 5,580 ft),
and slopes of less than 30%. The intersec-
tion of these landscape factors indicates
potential habitat.

This research was conducted as our
understanding of species habitat rela-
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tionships continues to evolve. Important
efforts aimed at refining our understand-
ing of species vulnerabilities are the Pikas
in Peril project (Garret et al. 2011), ongoing
research on the habitat and drivers of
Shivwits milk-vetch in Zion, and ongoing
research on the desert tortoise.

Understanding the effect of climate change
on plant and animal habitat requires mod-
els at various levels of sophistication (from
quantitative to conceptual) to identify
possible future effects and opportunities.
We integrated our modeling results with
the elements used in vulnerability analysis
to estimate magnitude and direction of
impacts on habitat and occurrence within
the park, on the species in general, and on
park management. We realize that these
interpretations are subjective but feel they
must be made to effectively communicate
results and stimulate discussion.

We considered the three elements of
vulnerability: sensitivity (species traits,
both genetic and behavioral), exposure
(IPCC climate projections), and adaptive
capacity (future habitat availability). These
elements are subjectively ranked high,
moderate, or low based on our interpreta-
tion of life history traits (either behavioral
or genetic) that enable resistance and
resilience to climate change. Ratings of
potential impacts on the species within the
park boundary are based on the modeled
magnitude of habitat change combined
with species presence data. Ratings of
potential impacts on the species in general
are based on the proportion of the species’
presence in the park to its entire range,
and to the potential threats to that range.
Park management impacts relate to the
potential for significant management
action based on all the other ratings, as
well as outside pressures, available park
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Table 1. Species vulnerability to and potential impacts of climate change scenarios on species in Zion National Park in 2100

Components of Vulnerability

Potential Impacts on

Adaptive Species Within Species in Park
Species Sensitivity Exposure Capacity the Park General management
American pika high moderate low high (=) low (=) moderate
Desert tortoise moderate moderate moderate high (+) moderate (+) high
Shivwits milk-vetch high moderate low low (+) high (+) high
Note: “+" indicates a positive effect of increased mean annual temperature under climate change, while “~" indicates a negative effect.
resources, and priorities. These data are e :
summarized in table 1 and each impact is Figure 2. Talus TR ,—-.u; "Zf : T): e
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perature of approximately 40°C (104°F),
which is only 3.0°C (5.4°F) below the acute
lethal upper limit for the species. Hyper-
thermia or death can occur after brief
exposure (as little as six hours) to tem-
peratures greater than 25.5°C (77°F), and
chronic exposure above 28°C beneath talus
is a good predictor of local extirpations
(Smith 1974; Beever et al. 2010). High body
temperature and year-round activity result
in high energy expenditures and thermo-
regulation challenges for the species.

In warmer environments pikas typically
become inactive during midday hours and
withdraw into cooler spaces below the ta-
lus surface. Pikas persist in low-elevation,
thermally undesirable environments by
selecting habitat that contains spaces for
underground movement and provides
physical protection and cool refugia dur-
ing hot conditions (U.S. Fish and Wildlife
Service 2010; Smith 1974). Although we
did not consider it in our work, pikas are
also susceptible to freezing temperatures
in the absence of an insulating snowpack
(Beever et al. 2010; Beever et al. 2011).
Unfortunately, we did not have interstitial
talus temperatures available for evaluation.

projections, indicates
that suitable pika
habitat may not exist
in Zion by 2100.

We mapped physical components of pika
habitat (talus slopes) using air photogra-
phy and on-site inspection (fig. 2). Surveys
at Lava Point indicated that in 2011 and
2012, pika were present. However, based
on the pika persistence model (Beever et
al. 2011) that relates pika survival to latitude
and elevation (our proxy for temperature),
the two highest-elevation talus patches
(Lava Point and Jobs Head) are more than
1,400 m (4,593 ft) below the elevation
where other populations have persisted at
similar latitudes in the Great Basin. This
may indicate the Lava Point habitat has
unique characteristics that have enabled
survival up to this point. However, unless
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these populations have access to thermal
microrefugia deep under the talus or
possess higher adaptive capacity than the
pikas in the Great Basin, pikas in Zion are
probably on the brink of survival and are
not likely to survive even minimal future
warming. Although pikas are not likely to
survive in Zion through 2100, some suit-
able habitat may remain at higher eleva-
tions north of the national park.

Because of its thermoregulation limits and
specific talus habitat requirements, pika

is rated “high” in sensitivity (table 1). Its
adaptive capacity is rated “low” because of
its generally low ability to move between




potential habitats (Beever et al. 2010).
Potential impacts on pika in the park are
“high” (negative) in spite of available talus.
Those areas are too low in elevation to
support viable populations under warming
scenarios. Potential impacts on the species
in general are rated “low” because of the
species’ wide geographic distribution. Its
loss from Zion would not highly affect

the species distribution as a whole, unless
the local populations have some unique
genetic characteristics (Rodhouse et al.
2010). However, potential impacts on park
management are “moderate.” All native
species are important to the preservation
of park ecosystems, and this species is at
great risk of local extirpation because of
expected increases in temperature.

Desert tortoise

The desert tortoise occurs in the Mojave
Desert, where it occupies a variety of
habitats, from flats and slopes dominated
by creosote bush (Larrea tridentata) scrub
at lower elevations to rocky slopes in
blackbrush (Coleogyne ramosissima) and
juniper (Juniperus spp.) woodland eco-
tones (transition zones) at higher eleva-
tions (U.S. Fish and Wildlife Service 2008;
Meyer 2008). Two areas in Zion (northern
and southern habitats) that have suitable
soil substrate and vegetation were coarsely
delineated as focus areas in this project via
consultation with park staff and litera-
ture review (fig. 3). There are no known
tortoise observations for the northern
area. Monitoring by park staff shows
desert tortoise are present in the southern
area and are a reproducing population,

as evidenced by the presence of eggshell
fragments and young tortoises with only
one annular ring on their scutes.

The northern habitat suitability (vegeta-
tion productivity within favorable eleva-
tions) stays very low under both of the
modeled climate scenarios for the next 100
years. In the southern area, climate warm-
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Figure 3.
Suitability of
potential desert
tortoise habitat
today and in 2100
under emission
scenarios B1 and
A2. Potential is
rated “low” (red)
to "high” (green).
Northern and
southern habitat
zones are based
on vegetation
and slopes
appropriate for
potential habitat.

ing is expected to substantially enhance
the suitability of tortoise habitat. The mod-
eled habitat suitability index, ranging from
o to 1 at present, averages 0.2 in the south-
ern area and increases to 0.3 under both
climate scenarios, an increase of 66%.
Within the southern area, the southwest-
ern corner of Zion National Park is closer
to the current Mojave Desert range of the
species and shows the largest increase in
habitat suitability.

The species is dependent on certain veg-
etation types, but because of its physiol-
ogy and behavioral adaptations to high
temperatures we rate it “moderate” in
sensitivity. Though slow moving and slow
growing, the species is capable of migrat-
ing to connected habitats (U.S. Fish and
Wildlife Service 2008; Meyer 2008) and is
therefore rated “moderate” in its ability to
adapt to warming temperatures.

Potential impacts on the species in the
park are rated “high” and positive because
the model indicates an increase in area
of suitable habitat by 2100 in Zion. The
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quality of that potential habitat depends
on many factors, but presently there is
evidence of population stability. Impacts
on the species in general are “moderate,”
because though the park is only a small
part of its existing range its environment in
the park is protected from habitat destruc-
tion and human activities common on
other private and public lands. Potential
impacts on park management are “high”
because of the species federal listing as
threatened, its high public profile, and

the proximity of its habitat to the busy
community of Springdale, Utah, which is
becoming increasingly “tortoise aware”
through education.

Shivwits milk-vetch

Shivwits milk-vetch was first identified as
anew plant species in 1997 and was listed
as federally endangered in 2001. Depend-
ing on temperatures and precipitation,
emergence and flowering occur from April
to late May, and plants senesce (die back
aboveground ) by mid-June. The peren-
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nial rootstock allows Shivwits milk-vetch
to survive dry years, and in a drought year
plants may not emerge or fruit produc-
tion may be diminished (Miller et al.
2007). This adaptation allows the plant to
conserve energy for reproductive effort
when resources are available (U.S. Fish
and Wildlife Service 2001). It is unknown
whether milk-vetch is truly a Chinle “spe-
cialist” (primarily obligated to that geo-
logic type) or whether the Chinle geologic
formation is inhospitable to competitors
like native blackbrush (Coleogyne ramo-
sissima Torr.) and nonnative red brome
(Bromus rubens). If the Chinle formation
is a “refuge” from competitors, then milk-
vetch response to climate change will be
highly contingent on competitor response
to climate change. Herbivory and dispersal
are also important but poorly understood
determinants of survival and will undoubt-
edly influence realized habitat. In our
work the species is modeled as a Chinle
specialist where present and potential
habitat is defined as the spatial intersec-
tion of geologic type, elevation, and slope
based on known populations.
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Mapping the intersection of important landscape
parameters in and near parks and climate in relation

to species distributions provides clues to help predict
where suitable habitat may exist in the future.

Climate warming is expected to raise the
elevation range of potential milk-vetch
habitat and its extent in Zion (fig. 4, next
page). Presently there are 1,669 ha (4,124
ac) of potential habitat in Zion, with 1,914
ha (4,730 ac) of potential habitat in 2100
under climate Bi1 (an increase of 15%) and
1,840 ha (4,547 ac) of potential habitat

in 2100 under climate A2 (an increase of
10% over present). The primary change in
potential habitat comes in its distribution,
with most of the increase in the northern
part of the park and a slight decrease in
the southern part of the park near Spring-
dale. Occupied habitat outside the park is
at lower elevations on a mixture of private

and public lands having lower protection
potential, and may become too warm for a
viable population, raising the importance
of the Zion habitat.

Sensitivity is rated “high” in table 1 because
of the species’ strong relationship to
elevation and small spatial extent. Adap-
tive capacity is rated “low” because of

its strong tie to a specific geologic type,
limiting its potential range. Also, though its
potential habitat is relatively widespread in
Zion, its presence has been verified in only
afew areas.
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Potential impacts on the species in the
park are rated “low” and positive. The
modeled future habitat exhibits only a
moderate increase in extent over pres-

ent conditions. Impacts on the species in
general are “high” and positive. This is
because most of the present and projected
habitat is within the park, a protected area.
Impacts on park management are prob-
ably also “high” because of the species’
federally endangered status, since it is
possible that most of its remaining range
outside the park will degrade significantly,
raising the importance and visibility of the
remaining habitat.

Our modeling provides a starting point for
understanding direction and magnitude
of shifts in potential suitable habitat. We
speculate on climate change impacts to
species but do not make predictions be-
cause we did not consider additional com-
plexity, such as interspecies competition,
microclimates, extreme weather events,
genetic diversity, behavioral plasticity, or
whole ecosystem effects. It was beyond the
scope of this research to test the sensitiv-
ity of species to environmental variables.
Species-environment relationships today
are assumed to hold in the future, and no
adaptation or evolution is assumed to oc-
cur that would affect species-environment
relationships. But all of these factors may
affect realized habitat occupancy.

In this research we focused on mean
annual temperature effects, but seasonal
temperature and precipitation effects, as
well as temperature minima, variability, or
cumulative effects, could also be modeled.
For instance, seasonal lapse rates can be
used with seasonal climate projections to
give a clearer picture of seasonal effects on
species with different seasonal sensitivi-
ties to climate (e.g., summer and winter
extremes for pika).
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Figure 4. Potential
milk-vetch habitat

at present and in
2100 under emission
scenarios B1 and A2
in Zion.

For example, continuing with temperature
as a driver, our locally derived June, July,
and August summer lapse rate of 2.2°C/km
(1.2°F/1,000 ft) with a projected western
U.S. summer warming of about 2.8°C
(5.0°F) (Ray et al. 2010) by 2100 would
shift today’s thermal habitat boundaries
upward approximately 1,250 m (4,100 ft),
considerably more than the 400-650 m
(1,300-2,130 ft) per century upslope shift
determined using the MAT lapse rate of
73°C/km (4.0°F/1,000 ft). The alarming as-
pect of this example is that upslope range
retraction of pika in the Great Basin (145
m [475 ft] per decade or 1,450 m [4,750 ft]
per century) observed during 1999—2008
has already outpaced our predicted future
rates of retraction (Beever et al. 2011) that
we modeled using an MAT lapse rate.
While we cannot predict with certainty
how conditions will evolve at any given
location, it may be wise for managers

to consider in their planning the likely
upslope range shift of suitable habitats in
the future and the potential magnitude of
these retractions.
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Our intent was to use readily available
information to model a range of possible
changes in habitat suitability and distribu-
tion affected by temperature that bracket
much of the range in projected tempera-
tures expected for different carbon diox-
ide emission scenarios. The scope of this
research is a relatively rapid screening in
which we mapped potential future habitat,
while not suggesting those habitats can or
will be occupied. This level of effort results
in predictions with a high degree of uncer-
tainty, but provides a baseline for discus-
sion, focused monitoring, and planning.

Literature review, consultation with aca-
demic and agency science experts, and use
of existing models were brought together
for mapping future potential species-
specific range shifts under IPCC climate
scenarios in and near Zion National Park.
The maps of future potential habitat sug-
gest there will be opportunities for some
species and limitations for others in Zion.
For instance, potential area of suitable
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tortoise and milk-vetch habitat may in-
crease in and near Zion while pika habitat
may disappear entirely from within park
boundaries. The realized species response
to climate change may depend on many
interacting factors that we did not model,
including management actions.

We acknowledge that our approach to
modeling vulnerability is narrowly focused
primarily on temperature and habitat
characteristics, but suggest the possibil-
ity—even necessity—of learning as we go
by iterating modeling efforts as new and
better information becomes available. For
instance an explicit accounting of coupled
changes in projected precipitation and
temperature will be an improvement on
this work. This is a process in which scien-
tists and park staff will benefit by work-
ing together through the complexities of
modeling and planning so that collectively
we increase our understanding of interac-
tions, vulnerability, and uncertainty.

This process helps develop options sup-
ported by science. Mitigating impacts and
giving species time to adapt will improve

e FE

o |

Potential Milk-Vetch Habitat s
(A2 at 100 Years)

T

#

Mitigating impacts and giving species time to adapt will

improve the likelihood of species survival, yet inaction

will result in lost opportunities if ecological thresholds

are surpassed.

the likelihood of species survival, yet
inaction will result in lost opportunities

if ecological thresholds are surpassed.
Interactively working through analyses like
these helps to put bounds on uncertainty
so that it does not hinder planning or
management action, if necessary. Science-
based options are an integral part of adap-
tation frameworks that enable conserva-
tion through management. Considering
the complexity and magnitude of climate
change effects on park resources in the
next 100 years, there will be many oppor-
tunities for learning and collaboration in
conservation.
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CASE STUDIES

By Dan McGlothlin, Peter Budde, and Kirk Sherrill

lative environmental, social, and economic
impacts for the protection of national park
resources and values is a difficult task that
is made more complex when landscape-
scale actions may affect multiple parks and
regions. In order for the National Park
Service to respond with consistency to
these types of situations a bureau-wide
methodology needs to be established. Use
of available geospatial data and analytic
tools to assess potential risks of proposed
land use actions external to parks pre-
sents a viable approach for stimulating

a critical dialogue among NPS resource
management specialists and with groups
proposing land use actions. The recent
process outlined in the Programmatic
Environmental Impact Statement for Solar
Energy Development in Six Southwestern
States (Solar PEIS) highlighted the benefit
of adopting this approach to addressing
potential resource conflicts across broad
geographic extents (fig. 1, next page).

The geospatial resource conflict analysis
(RCA) approach we report here engaged
multiple levels in the NPS organization
and incorporated authoritative resource
data sources (see sidebar “Data sources,”
page 25) in the assessment. Moreover, the
experience highlighted the potential for
the National Park Service to respond in a
way that minimizes park-by-park variabil-
ity in evaluation of risk and consistently
reflects bureau-wide policy and program
decisions.

Abstract

Responding to cumulative impacts with consistency across park and regional boundaries

at landscape scales requires establishing an objective, consistent, and proactive approach
to identifying adjacent or proximal areas with explicit or potential connection to NPS-
administered resources. Use of available geospatial data and analytic tools to assess
potential risks of proposed external land use actions represents a viable approach for
dialogue among National Park Service managers, other agencies, and groups proposing
land use actions. Our response to the Programmatic Environmental Impact Statement for
Solar Energy Development in Six Southwestern States highlights the benefit of adopting this
approach for addressing potential resource conflicts across broad geographic extents. This
resource conflict analysis engaged multiple levels in the NPS organization and incorporated
authoritative resource data. Moreover, the experience highlights the potential to respond in a
consistent and timely manner, acting as an initial screening procedure.

Key words

broad-scale assessment, geospatial analysis, protection of landscapes, resource conflict
analysis, solar energy, solar energy development exclusions, utility scale

Efforts in the United States to reduce
dependence on imported energy supplies
with increased development of renew-
able domestic sources is a large part of

an ongoing dialogue about balancing
economic growth with lessened strain

on the nation’s natural resources. A 2006
report of the U.S. Department of Energy
(DOE) projects that by 2030, the U.S.
population, and correspondingly electric-
ity demand, will increase by 70 million and
50% respectively. Much of this growth is
expected to occur in the American South-
west (DOE 2006). The potential for solar
energy power generation is a large part

of this dialogue, because the solar power
industry is ideally situated to help achieve

U.S. renewable energy goals by deploying
utility-scale power generation plants in
this region where insolation levels are ideal
for solar energy. Utility-scale solar energy
plants are electricity-generating facilities
and present siting challenges similar in
most respects to those of traditional coal,
natural gas, and nuclear thermo-electric
plants. The main difference between a
solar energy plant and a traditional plant
is the larger overall land area required

for utility-scale solar power installations
(Glennon and Reeves 2010). Unlike tra-
ditional plants that often are strategically
located near energy customers and trans-
mission lines, solar energy facilities are
located where conditions are most ideal to
capture the sun’s energy, including remote
areas near national parks and monuments,
and other special places administered

by the National Park Service, such as
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Figure 1. This map depicts lands in the Supplement to the Draft Solar PEIS preferred alternative as potentially available for utility-scale solar

development.

national historic trails or national historic
or natural landmarks. Thus, numerous re-
cent utility-scale solar facilities have been
proposed in locations far from urban areas
on undeveloped public lands, accompa-
nied by infrastructure upgrades such as
interconnecting electric transmission lines
and transportation routes. Collectively this
increased development across the land-
scape represents considerable potential for
impacts on a variety of natural, visual, and
cultural resources.

The U.S. Department of the Interior (DOI)
Bureau of Land Management (BLM) and
the U.S. Department of Energy are tak-
ing actions to facilitate utility-scale solar
energy development in six southwestern
states. The Solar PEIS defines utility-scale
development as a facility that produces
greater than 20 megawatts (MW) of elec-
tricity. One megawatt (106 watts) of elec-
tricity can provide instantaneous power
to 1,000 homes. The Solar PEIS evaluates

arange of potential environmental, social,
and economic effects and comprehensive
policies for authorizing this development
on public lands. The Solar PEIS identifies
BLM-administered lands that are suitable
for solar energy development and DOE
guidance for advancing this development
in Arizona, California, Colorado, Nevada,
New Mexico, and Utah and a compre-
hensive solar energy program responsive
to various federal mandates, including
state-generated Renewable Portfolio
Standards for a certain percentage of a




Data sources

Once we had developed the list of poten-
tial cross-boundary resource conflicts sum-
marized in table 1 (page 28) we identified
and harvested corresponding geospatial
data from the following readily available
data sources:

e “Streets” GIS layer, ESRI (Economic and
Social Research Institute) Map and Data
DVD, dated 2005.

e National Land Cover Database (2006).
U.S. Geological Survey. Available at
http://www.mrlc.gov/nlcd2006.php.

e National Park Service. 2011. NPScape
Upstream Watershed Delineation
Processing SOP. Upstream Watershed
Analysis for Select National Park Units.
National Park Service, Natural Resource
Program Center, Fort Collins, Colorado,
USA. Available at https://irma.nps.gov
/Reference.mvc/Profile?Code=2173077.

¢ National Hydrography Dataset—
NHDPIus. U.S. Geological Survey.
Available at http://www.horizon
-systems.com/nhdplus/data.php.

e State Soil Geographic (STATSGO)
Database, May/2011. USDA Natural
Resources Conservation Service.
Available at http://soildatamart.nrcs
.usda.gov/USDGSM.aspx.
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National Wetlands Inventory (NWI). U.S.
Fish and Wildlife Service. Available at
http:/wetlands.fws.gov.

Critical Habitat Portal. U.S. Fish and
Wildlife Service. Downloaded 3 August
20711at http://criticalhabitat.fws.gov
/crithab/.

Protected Areas Database of the United
States (PAD-US), version 1.2. U.S.
Geological Survey, Gap Analysis
Program. Available at http://www
.protectedlands.net.

Theobald, D. M. 2010. Estimating natural
landscape changes from 1992 to 2030 in
the conterminous U.S. Landscape
Ecology 25:999-1011.

Theobald, D. M., S. E. Reed, K. Fields,
and M. Soulé. 2012. Connecting natural
landscapes using a landscape permeabil-
ity model to prioritize conservation activ-
ities in the United States. Conservation
Letters 5(2):123-133.

Defense Meteorological Satellite
Program. NOAA National Geographic
Data Center, Earth Observation Group.
Available from http://www.ngdc.noaa
.gov/dmsp.

National Elevation Dataset (NED)
30-meter digital elevation model (DEM).
Available at http:/ned.usgs.gov/.

Many of these data sources needed to be
used in combination to derive useful infor-
mation for the resource conflict analysis.
For example, the NPScape landscape
dynamics monitoring project supplied
roads data for use in conjunction with
National Land Cover data to determine
roadless natural areas. Likewise, NPScape
data coupled with National Hydrography
Data Sets allowed us to delineate
upstream watersheds. We combined
STATSGO soils data and digital elevation
models with the logic of BLM's Mojave
and Central Basin and Range Rapid
Ecoregional Assessments (REAs) to obtain
wind and water erosion potential. U.S.
Fish and Wildlife Service wetlands and
critical habitat for threatened and endan-
gered species were used to identify habi-
tats of concern. We evaluated habitat
quality and landscape connectivity
through data from two research-based
Naturalness and Landscape Permeability
data sets. The Protected Areas Database
of the United States facilitated our under-
standing of landownership of various pro-
tected areas. Finally, we performed a GIS
analysis of potential visual resource
impairments that included ambient light
pollution measurements from a nighttime
lights data set.
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state’s electricity capacity requirements to
be supplied from renewable sources (e.g.,
solar, wind, geothermal, or biomass). The
Solar PEIS analyzes proposed policies
that establish national consistency for the
implementation of application review
requirements and criteria for environmen-
tally responsible renewable energy devel-
opment on public lands. The solar energy
program creates (1) areas of public lands
that are excluded from utility-scale devel-
opment in the six-state area; (2) priority
areas, called solar energy zones (SEZs),
that are best suited for production of solar
energy; (3) a process for considering solar
facilities outside these zones; (4) facility
design and mitigation requirements; and
(5) amendments to BLM land use plans.
The Bureau of Land Management antici-
pates that ongoing and future solar energy
development decisions, such as land use
plan amendments, may result in further re-
finements of the program footprint (BLM
and DOE 2o11).

Depending on its location, a single solar
facility adjacent to a national park area can
produce large, irreversible impacts on park
resources. To describe the full range of
potential environmental impacts under the
assessed alternatives, the Solar PEIS ana-
lyzes reasonably foreseeable development
for the next 20 years and estimates the po-
tential solar power production on BLM-
administered lands to be 24,000 MW by
the year 2030. To attain this goal, the PEIS
initially identified 20.3 million acres (8.2
million ha) of public lands (called solar
program lands) (fig. 1), including desig-
nated SEZs, needed to accommodate
states’ renewable power production goals.
The reasonably foreseeable development
of 24,000 MW translates to an estimated
land requirement of 214,100 acres (86,670
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ha), or about 1% of the land area available
under the solar energy program.

The solar program lands are represented
as areas possessing optimal solar devel-
opment potential, with direct normal
insolation values greater than or equal to
6.5 kilowatts per square meter per day (5.4
kW/sq yd), and with slopes less than or
equal to 5%. Four types of utility-scale so-
lar technologies are evaluated in the Solar
PEIS: parabolic trough and power tower
systems (hereafter referred to as concen-
trating solar power [CSP]), dish engine
systems, and photovoltaic (PV) systems.
These systems cumulatively consist of the
solar field where solar collectors capture
and convert the sun’s energy to thermal
energy (CSP systems) or directly into
electricity (dish, PV systems). Consider-
able ancillary infrastructure is required,
including power-block, steam-cooling,
waste-management, thermal-storage facili-
ties, connecting transmission lines, and
access roads.

To illustrate the imprint a typical solar
energy facility may have on land and water
resources, a 250 MW CSP facility employ-
ing a power tower design requires a total
plant area of about 2,250 acres (911 ha)

and 4,700 acre-feet (about 6 million cubic
meters) per year of operational water

use (BLM and DOE 2010).! The facility
would require the complete removal of
vegetation, produce a visually impaired
skyline (e.g., the Solar PEIS analyzes visual
resource impacts for a power tower height
of 650 feet [198 m]) seen from a great
distance, and use significant amounts of
water in a desert environment. It is worth
noting that not all solar facilities require a
high tower or consume large quantities of
water.

1 The CSP technologies operate like coal, natural gas, or
nuclear plants with one exception: they use the sun’s heat
instead of heat from coal, nuclear fuel, or natural gas to boil
water and initiate the power generation cycle.
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Because of the significant land area and
resource consumption requirements, the
broad-scale development of solar energy
on public lands throughout the American
Southwest poses a substantial potential for
cross-boundary conflict with resources
administered by adjacent land manage-
ment agencies, including the National Park
Service. For this reason the Park Service
became a cooperating agency in the prepa-
ration of the Solar PEIS to ensure that
specific solar energy program policies and
requirements are designed to avoid ad-
verse direct and indirect impacts on park
lands and resources. In our analysis of the
Draft Solar Energy PEIS, we determined
that more than 40% of the proposed solar
energy program footprint is located near
53 National Park System units and six
national historic trails (hereafter referred
to as national park areas). The proximity
of solar program lands to these special
places raises concern about the potential
direct and cumulative adverse effects in
these areas. Because the Solar PEIS is
programmatic in scope and not designed
to authorize site-specific projects, the Na-
tional Park Service embarked on a project
to identify solar energy program lands
that represent a high potential for conflict
with natural, visual, and cultural resources
administered by the Service. The Service’s
goal was to advise the Bureau of Land
Management of program land adjustments
that would more fully protect park-spe-
cific landscapes.

To effectively communicate park-specific
alterations to the program, the National
Park Service needed to develop a pro-
cess to identify areas within the program
footprint that pose a high potential for
conflict with NPS-administered natural,
visual, and cultural resources. The process
needed to be capable of providing the
Bureau of Land Management with a first-
order approximation of those areas where
additional screening must be performed



to ensure appropriate information is
gathered for making future solar facility
siting decisions. The desired outcome of
the process was to demonstrate a re-
source conflict-based analysis, by which
exclusion of the available program lands
is needed to avoid high potential cross-
boundary effects at both landscape and
local scales. The objective of the process
was to apply the best available science-
based information from credible sources

that enables a defensible description of the

potential conflicts.

Generally speaking, there is minimal
park-scale information about resource
conditions external to areas administered
by the National Park Service. Typical
park-level data only cover the extent of a
park’s administered lands and are too de-
tailed for landscape-level analyses, or are
inconsistent from park to park. As a result,
the project relied on geospatial informa-
tion available at regional levels or other
surrogate information to represent NPS

interests or concerns. Using geographic in-

formation systems (GIS) to capture avail-
able natural, visual, and cultural resource

information at the park level, we embarked

on a project to develop a methodology
using a park’s geographic context to assess
implications of solar energy development
on the proposed solar program lands near
parks. To establish a reasonable area of
analysis (AOA), we examined resources
from o to 25 miles (40.2 km) from each of
the 53 parks’ boundaries.? This mapping
process revealed generalized resource
conditions external to the parks, and
allowed analyses based on park-specific
knowledge to determine whether utility-
scale solar development would produce

a high potential for conflict with park
resources and values.

2 Because more extensive data collection and analysis would
have been required, the Solar PEIS did not allow for a
resource conflict assessment of the six identified national
historic trails.

CASE STUDIES

We used a geospatial resource conflict
analysis (RCA) in a pilot effort to develop a
systematic and objective methodology for
identifying solar program lands having the
potential for direct and landscape-scale
cumulative impacts on national park val-
ues and resources. The analysis involved
two primary processes: (1) examination of
select resource conditions, and (2) determi-
nation of potential resource conflicts, which
form a basis for recommended exclusions.

An analysis of resource conditions was the
initial RCA step. This involved identify-
ing the proposed solar program lands
that were adjacent to and within the NPS
area of analysis, and searching for the best
available landscape- to regional-scale,
resource-based geospatial data for use in
the RCA (see “Data sources”). Given that
development of utility-scale solar energy
facilities creates the potential for land-
scape- and local-scale resource conflicts,
the RCA focused on the following cross-
boundary potential effects:

+ Increased loading of particulate air
pollutants and reduced visibility in
Class I and sensitive Class IT air quality
areas

 Vulnerability of sensitive cultural sites
and landscapes and loss of historical
interpretive value through destruction
or vandalism

« Altered water quality and quantity,
including the frequency and magni-
tude of floods, and reduced levels of
groundwater

+ Reduced habitat quality and integrity,
and wildlife movement along migra-
tion corridors; increased isolation and
mortality of key species

+ Fragmentation of natural landscapes

» Diminished wilderness, scenic view-
sheds, and night sky qualities on land-
scapes within and beyond boundaries

of areas administered by the National
Park Service

« Diminished cultural landscape quali-
ties within and beyond boundaries
administered by the Service

We used these potential cross-boundary
effects in the next step to gather input
from an interdisciplinary cross section

of NPS Natural Resource Stewardship
and Science (NRSS) staff for indicators of
potential resource conflict. We developed
a “potential resource conflict-geospatial
data matrix” to identify the geospatial
data-resource relationships (table 1, next
page). We then identified and harvested
geospatial data from readily available data
sources in order to assess the potential re-
source conflicts within each area of analy-
sis. One source of data was the NPScape
landscape dynamics monitoring project,
which provides landscape-level data,
maps, analyses, and interpretations to help
direct natural resource management and
planning at local, regional, and national
scales (Monahan et al. 2012). Another
source of landscape data and analysis logic
was the BLM’s Mojave and Central Basin
and Range Rapid Ecoregional Assessments
(REAs) (BLM 2013). REAs have been
initiated by the Bureau of Land Manage-
ment to address climate change and other
landscape-level ecological drivers, such as
renewable energy development in seven
large ecoregions in the western United
States.

Cumulatively, the data-harvesting exercise
resulted in the compilation of 12 geospatial
data sets that were intended to indicate a
range of potential resource conflicts (see
“Data sources”). Data sets included criti-
cal habitat, landownership, landscape per-
meability, a naturalness index, nighttime
lights, protected areas, roadless natural
areas, upstream watersheds, viewsheds,
wetlands, and water and wind erodibility.
Data were processed into park-specific
geospatial databases and map products.
(Further data source information and
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Table 1. Potential resource conflict analysis matrix
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Geospatial Data < (o s e (] T TS| S& w S = = -
Critical Habitat X X X X
Land Ownership X X X X X
Landscape Permeability X X X X X
Naturalness Index X X X
Nighttime Lights X X X X
Protected Areas X X X X X
Roadless Natural X X X X X X X X X
Upstream Watersheds X X X
Viewsheds X X X X
Water Erodibility X X X X X
Wetlands X X X X
Wind Erodibility X X X X

Note: Key resource data definitions and descriptions are found at https://irma.nps.gov/App/Reference/Profile/2175854.

products are available from the NPS Data
Store at https://irma.nps.gov/App
/Reference/Profile/2175854.)

The determination of potential resource
conflicts and recommended exclusions
involved distributing park-specific key re-
source GIS data and cartographic maps to
parks for review and feedback. Using local
park management and resource special-
ist expertise and knowledge, parks were
tasked with delineating areas of high po-
tential resource conflict using the provided
key resources GIS data and other local
data sources (when available). The solar

program lands intersecting these areas
were attributed as recommended areas for
exclusion from the proposed solar energy
program lands.

In the final step, recommended exclusions
were spatially referenced and justified with
descriptive narratives. For consistency,
park-recommended exclusions and justi-
fications were compiled by Intermountain
Region, Pacific West Region, and NRSS
Solar PEIS team members into a single GIS
database with standardized park-specific
maps cross-referenced to justifying nar-
ratives. In January 2012 we submitted the

maps and narratives to the Bureau of Land
Management as part of the NPS response
to the Supplement to the Draft Solar

PEIS (BLM and DOE 2011), to assist the
BLM in its final decision on the preferred
alternative in the Solar PEIS. Figures 2a
and 2b illustrate a compiled park map and
cross-referenced geospatial attributes and
justifying narratives. We also provided the
geospatial data with GIS polygons repre-
senting discrete single or combinations

of multiple resources reflecting a high
potential for conflict.
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Figure 2a. This map is excerpted from the January 2012 National Park Service response to the
Supplement to the Draft Solar PEIS requesting development exclusions. The map delineates GIS
polygons with discrete single and combinations of overlying potential resource conflicts. The
accompanying descriptive narratives in figure 2b (below) apply to the nongray-shaded areas.

Park Name: Fort Bowie NHS (FOBO)

Resource of Concern

Spatial Reference ID#

Nighttime Lights FOBO_10

Resource Conflict Justification

All lands 10-15 miles from the park have significant night sky values for the park. Variance
lands north and south of the park for 20 miles from the park are in an area of particular dark
skies too. Lands farther to the northwest have night sky potential impacts for the park but lie
closer in alignment with a significant light source in that direction. NPS requests areas north
and south of the park be excluded, and the BLM considers the lands to the northwest of the
park as acceptable to the NPS if adequate light mitigation is applied.

Viewshed FOBO_11

Narrow cones of viewshed exist to the north-northeast from the park, intersecting variance
lands proposed for solar development. These areas would be of lower priority from a view-
shed sense than the lands identified below, but they still maintain their value as high-priority
night sky lands.

Two variance areas immediately west-northwest of the park lie within 1-4 miles of the park
boundary and are within the viewshed from the park. We would expect potentially significant
viewshed impacts from these lands, as the utility-scale solar development would be a unique,
large, man-made structure, with possible reflectance potential visible by park visitors. We
request those areas be excluded.

Figure 2b. This text is excerpted from the January 2012 N

PS response to the Supplement to the Draft Solar PEIS and provides an example

of a descriptive narrative for requested exclusions based on the high potential for resource conflicts near Fort Bowie National Historic Site
(Arizona), as shown in figure 2a (top), with geospatial data cross-references.
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Figure 3. This map depicts the areas requested by the National Park Service in January 2012 for exclusion from the solar energy program.
Areas requested for exclusion are shaded in blue; orange-shaded areas represent solar program lands within 25 miles of an NPS-administered

area that were not requested for exclusion.

Resource-based data from authoritative
sources facilitated data use and subse-
quent decision(s) based upon t