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Photo 1. A view of Saguaro National Park and residential development be-
yond Park boundaries. Photo from NPS photo archive.



Executive Summary

Like many protected areas in the western
United States, Saguaro National Park has
experienced rapid urban growth outside

of its boundaries. When the Park was first
established as a National Monument in
1933, the nearby city of Tucson had fewer
than 40,000 residents, and the city was more
than 20 miles distant along poorly devel-
oped dirt roads. Today, Tucson has nearly 1
million residents, and a multitude of human
pressures associated with this growth and
development pose distinct challenges to Park
natural resources. Roads carve up natural
landscapes and impede connectivity for
wildlife, urban and agricultural development
further fragment and erode the remaining
natural areas, and housing proximate to the
Park enable residents and pets to transgress
its boundaries (Figure 1). Hence, despite the
best possible resource management practices
being implemented inside the Park, external
anthropogenic landscape stressors originat-
ing from such sources as population, hous-
ing, and roads require Park managers, plan-
ners, and interpreters to confront the tricky
questions of how such landscape dynamics
affect the status and trend of key defining
Park resources.

Fortunately, beyond the human drivers of
landscape change, Saguaro also has op-
portunities to manage its natural systems in
abroader conservation context (Figure 1).
By considering park resources over a range
of ecologically relevant scales, Saguaro can
evaluate where and how important habitats
are distributed, the degree to which they

are connected to the Park, who owns the
intervening lands, and the extent to which
they are managed for conservation. Such
information is critical when developing and
strategizing landscape-level conservation
partnerships, and indeed Saguaro already
considers factors such as these when it
engages in collaborative partnerships like
FireScape (http://www.azfirescape.org/) and
the Rincon Institute Urban Interface Project
(http://rinconinstitute.org/). Where possible
this report encompasses existing partner-
ships and seeks to provide the Park with
additional landscape-level data and analysis
that may help it further strategize new/fu-
ture partnerships. In this context the report
delivers an extensive set of socioeconomic
indicators, which may be used by Saguaro to
strategize where and how to engage in edu-
cation and outreach with local communities.

- Human population
« Roads / rails / power lines
- Impervious surface

. Pollution sources

Threat
assessment

Human Footprint / Drivers

« Hydrological impoundments .

Natural Systems

- Area of habitats

. Core areas

- Connectivity / fragmentation
Disturbances

Status and value
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Figure 1. Conceptual
model for addressing

landscape dynamics. Im-

age from NPScape.
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This landscape dynamics report endeavors
to provide Saguaro National Park with:

e Data and methods for ongoing inven-
torying and monitoring of landscape
dynamics

e A detailed analysis of existing landscape
data for areas within and surrounding
the Park

e Interpretation of the results in the
context of key defining park natural
resources

Data and methods are described in sufficient
detail to enable replication of the calcula-
tions and procedures, particularly as they re-
late to I&M landscape dynamics monitoring,
so that results can be updated for Saguaro
over time as new source data become avail-
able (typically every 5 to 10 years). A summa-
ry of key findings related to natural systems,
human drivers, and conservation context is
provided here.

Natural Systems

Beyond the management decisions and
actions made inside park boundaries, the
natural systems surrounding Saguaro are
what enable many park natural resources to
persist for future generations. Other natural
areas afford opportunities for maintaining
connectivity with the Park, hydrography
facilitates the bi-directional flow of materi-
als and energy, and both climate and climate
change determine broad-scale patterns of
biodiversity. Below we summarize key obser
vations related to Saguaro’s natural systems
considered at landscape scales:

Climate: Saguaro National Park is located
on the transition between the Sonoran Des-
ert (West) and Madrean Archipelago (East)
ecoregions. Due to this geographic position-
ing, the temperature, precipitation (Figure
2), and seasonality gradients around the Park
are quite pronounced. Recent changes in
climate (1980-2010) suggest that annual pre-
cipitation has declined in most areas, while
minimum winter and maximum summer
temperatures are characterized by complex
spatial patterns of temperature change.

Photo 2. Washes and riparian habitat provide im-
portant connectivity for wildlife. Photo of Rincon
Creek by Don Swann.

Hydrography & Connectivity: Water is a
key limiting ecosystem factor for many Sa-
guaro resources. Hence, washes, groundwa-
ter, basins, watersheds, and springs are criti-
cal natural features that influence landscape
connectivity. Meanwhile, human modifica-
tions like impoundments and development
associated with Tucson and surrounding
communities carve up these natural features.
Despite these challenges, Saguaro is still able
to maintain connectivity for certain species
- between the Tucson and Rincon Moun-
tain Districts, and also at broader landscape
scales.

Fire: Park habitats vary dramatically along
an elevational gradient in their adaptation

to fire. Lightning is an important natural
source of fire ignition that reaches a peak in
frequency in the month of August. Once ig-
nited, fires are driven in part by wind, which
exhibits complex seasonal and diurnal varia-
tion in both magnitude and direction.

Vulnerable Species: Saguaro provides
important habitat for a wide variety of plant
and animal species of conservation concern,

Landscape Dynamics of Saguaro National Park
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and several others are noteworthy in a land-
scape context. The broad-scale distributions
of many of these species are shaped by the
climatic gradients summarized above, and at
more local scales by the distribution of avail-
able habitats and human drivers of landscape
change.

Human Drivers

Human drivers of landscape change are im-
portant because they represent external fac-
tors that can transcend park boundaries and
negatively impact park resources. Below is a
summary of major human drivers, how they
have changed around the Park in the recent
past, and how we expect them to change in
the coming decades:

Population: Human population around
Saguaro has increased dramatically since
the Park was first established as a National
Monument in 1933 (Figure 3). This growth
is expected to continue into the future,
especially in areas along the I-10,I-19, and
Highway 77 corridors.

Photo 3. Development occurring around park
boundaries poses distinct challenges to manag-
ing Saguaro natural resources. Photo from NPS
photo archive.

Housing: Housing growth since the year
1970 has largely been characterized by exur-
ban and now suburban growth around the
periphery of Tucson. Housing densities are
greater around the Tucson Mountain District
than they are around the Rincon Mountain
District, but both Districts are affected by
exurban development within 3 km of their
borders. As densities continue to increase
under existing zoning, Saguaro will by about
the year 2040 be considered a suburban
park.

1400 - Pima County Figure 3. Past and fu-
ture changes in human
population occurring in
Pima County (see Results,
Section 3.2.1). Blue area
reports observed trends
according to the US
Census (1790-2000); pink
area shows statewide
population projections
through 2030.
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Roads: The road transportation network
around Saguaro is extensive due to recent
growth of Tucson and surrounding com-
munities. Road density occurring within 3
km of Saguaro is approximately 3x higher for
the Tucson Mountain District compared to
the Rincon Mountain District. The Tucson
Mountain District is also especially chal-
lenged by Picture Rocks Road, a major com-
muter road that bisects the Saguaro West
Wilderness.

National Park Service xiii



Figure 4. Major landown-
ers within 30 kilometers
of Saguaro National Park
(see Results, Section,
3.3.1). Approximately
31% of land in this area
is considered private
non-conservation.

Conservation Context
A landscape-scale plan for
conserving Park resources
must ultimately be imple-
mented in some broader
conservation context. Con-
servation context takes into
account neighboring lands,
including the landowners,
whether and how neighbors
manage their lands for con-
servation, and other impor-
tant socioeconomic factors
that drive policy and deter-
mine conservation oppor-
tunity. Below is a summary
for Saguaro of important aspects of their
broader conservation context that effect
landscape-scale conservation:

Protected Areas: The East and West Sa-
guaro Wildernesses, along with the Pusch
Ridge (USFS) Wilderness, anchor the larger
network of protected areas that help con-
nect Saguaro National Park to surrounding
landscapes.

Landowners: Other major landowners

around Saguaro include USFS and BLM,
as well as Tribal and State lands (Figure 4).

Photo 4. Ponderosa pine forest in the high elevation wilderness area
of the Rincon Mountain District, Saguaro National Park. Photo by Don
Swann.

These lands vary tremendously in level of
protection, but nonetheless represent key
potential partners in future landscape-level
conservation partnerships.

Land Use & Zoning: Much of the recent
growth and human habitat conversion
around Tucson is easily visualized with land
use and zoning data. An added value of these
data over other landscape indicators like
land cover is that they provide more direct
insights into the causes and trajectories of
habitat loss, and thus provide the Park with
more of an opportunity to proactively en-
gage the different groups that drive

Park + 30 km
Area (%)

o

5 10 15 20
| | | |

25
|

landscape-level change.

Socioeconomics: A wide variety
30 of socioeconomic indicators (e.g.,

Bureau of Land Management
Bureau of Reclamation
Forest Service

Department of Defense
National Park Service
Agricultural Research Service
Native American Land

State Park & Recreation

! race, age, education, employment,
poverty, income) are available to
Saguaro from the decadal Census.
Results suggest clear spatial patterns
in the case of many of these indica-
tors, as well as spatial correlations
among indicators. Taken in com-
bination, this information may be
used by Saguaro to strategize how

State Land Board

| best to engage local communities in

State Fish and Wildlife
Regional Agency Land
City Land

County Land

Local Land Trust

The Nature Conservancy

Fish and Wildlife Service

B L |

park issues and activities.

Future Directions

This report provides Saguaro
National Park with a foundational
framework for I&M (Inventory
and Monitoring) landscape dynam-
ics monitoring and reporting. The

Xiv
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intent is for this framework to be repeated
in the future (e.g., every 5 to 10 years) so
that Saguaro can continue to address basic
questions related to changes in the natural
systems, human drivers, and conservation
context occurring around the Park. How-
ever, prior to the development of another
full-length report, several important smaller
projects may be considered and undertaken
in the near future:

e Custom models of habitat connectiv-
ity could be developed for key species
of special interest to the Park. Many of
the landscape indicators considered
in this report are known to impede
wildlife movement via a multitude of
mechanisms. Using data detailed in the
methods section, custom connectivity
models could be built and overlaid with
conservation context to visualize how
areas that are important for preserv-
ing landscape-scale connectivity align
with lands that vary in level of protec-
tion and ownership. They could also be
considered in relation to other landscape
data and models provided in HabiMap
(http://www.habimap.org/), a dynamic
online map recently released by the
Arizona Game and Fish Department.
Such detailed analyses and map overlays
would help the Park strategize where
and who to engage in conservation
partnerships.

e The viewsheds (i.e., areas within view
form key observation points) presented
under conservation context may be
overlaid with multiple human drivers
of landscape change (e.g., population,
housing, roads, nighttime lights) to visu-
ally assess and quantify potential threats
to wilderness character. However, for
such results to be useful and reliable in a
planning context, the viewshed models
presented in this report need to be vali-
dated by on-the-ground observations.
Saguaro could perform this accuracy
assessment by recording observations
from viewing points using a digital cam-
era and comparing known landmarks in
the photos to those in the viewsheds.

By the summer of 2012 it will be possible
to update most of the socioeconomic
indicators (e.g., race, age, education,
poverty, employment) using results from
the 2010 Census. Saguaro will then be
able to evaluate trends (1990-2010) in
the socioeconomic indicators at the
census block group level, which is suf-
ficiently detailed to give the Park insights
into specific neighborhoods for engaging
local communities.

By early 2013, the housing density
model used in this report should also
be updated to include results from the
2010 Census, as well as refined and
improved scenarios of future housing
growth. This time series (1970-2100),
which has already proved to be a useful
tool for visualizing and communicating
growth in Tucson and surrounding com-
munities, will be suited to more detailed
analyses of where and when housing
growth is expected to occur in the com-
ing decades.

Also during 2013 we anticipate two
important updates to land cover data.
One of these will be for the contiguous
US (2011 land cover), which may then
be coupled with the corresponding 2001
and 2006 datasets to estimate local pat-
terns of land cover change. The other
dataset to be updated includes coverage
into Mexico, which will enable the Park
to visualize broad scale transboundary
patterns of recent land cover change.
Both datasets will be increasingly useful
for addressing questions related to how
Saguaro National Park is connected to
surrounding landscapes, and how con-
nectivity varies across taxa with different
spatial requirements.
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List of Abbreviations

Abbreviations Description

AML Arc Macro Language

AOA Area of analysis

BLM Bureau of Land Management

BOR Bureau of Reclamation

CLS Conservation Lands System

cv Coefficient of variation

DOI Department of Interior

ESRI Environmental Systems Research Institute

GAP Gap Analysis Program

GIS Geographic Information System

HDF Hierarchical Data Format

&M Inventory and Monitoring Program, or Inventory and Monitoring Division
IUCN International Union for the Conservation of Nature
NALC North American Land Change Monitoring System
NASA National Aeronautics and Space Administration

NLCD National Land Cover Dataset, or National Land Cover Database
NOAO National Optical Astronomy Observatory

NPS National Park Service

NRSS Natural Resource Stewardship and Science

OTD Optical Transient Detector

PAD-US Protected Areas Database of the US

PRISM Parameter-elevation Regressions on Independent Slopes Model
RMD Rincon Mountain District (Saguaro National Park East)
SD Standard deviation

SERGoM Spatially Explicit Regional Growth Model

SOP Standard Operating Procedure

TMD Tucson Mountain District (Saguaro National Park West)
USFS US Forest Service

USGS US Geological Survey

WDPA World Protected Areas Database
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1. Introduction

Over a decade ago, park managers expressed
concern that a number of park resources
were being damaged by activities outside
park boundaries (US General Accounting
Office 1994). Despite the best possible re-
source management practices being imple-
mented inside parks, external anthropogenic
landscape stressors originating from such
sources as population, housing, and roads
have increased around most parks over time
(Davis & Hansen 2011), and projections
suggest that these stressors will in many
instances continue to increase for the fore-
seeable future (Radeloff et al. 2010). Trends
of this sort emphasize the need for parks to
have their own detailed data on landscape
dynamics, for the ongoing analysis and
interpretation of landscape data are central
to being able to plan and implement manage-
ment actions that preserve park resources

in the face of landscape-level change. This
report provides Saguaro National Park with
(i) data and methods for ongoing inventory-
ing and monitoring of landscape dynamics,
(i) a detailed analysis of existing landscape
data for areas within and surrounding the
park, and (iii) interpretation of the results

in the context of key defining park natural
resources.

Photo 5. Saguaro National Park and the surrounding city of Tuc-

son. NPS photo archive.

javelina, coyotes (McClure et al. 1996), and
desert tortoises (Edwards et al. 2004a,b). An
estimated 29,000 animals are killed annually
by cars on the 76.6 miles of roads that run
through the park or along the park’s bound-
ary (Gerow et al. 2010). Park resources are
impacted by non-native species, particularly
domestic dogs and invasive buffelgrass. The
city concentrates urban heat near the park,
raises ozone and particulate pollution, pro-
foundly alters night skies, and contributes
sound pollution from increasing air traf-

fic over the park’s interior (Monahan et al.
2012a).

Saguaro National Park, like many parks
in the western United States, has ex-
perienced rapid urban growth outside
of its boundaries. When the park was
established in 1933, the nearby city of
Tucson had fewer than 40,000 residents,
and the city was more than 20 miles dis-
tant along poorly developed dirt roads.
Today, Tucson contains nearly 1 million
residents. The park includes two units
(Figure 5): the Rincon Mountain Dis-
trict (RMD), approximately 100 square
miles on the east side of Tucson, and
the Tucson Mountain District (TMD),
approximately 40 square miles west of
Tucson. Housing developments flank
both districts and a major commuter
road cuts through the Tucson Mountain

District. These landscape-level changes
have profoundly affected the Park’s

Saguaro
N.P.
Boundary

Federally Designated Wilderness Highways

Major Roads

Major Streams

resources, especially wildlife such as

Figure 5. Location

of Saguaro National
Park, including its
western Tucson
Mountain District
(TMD) and its eastern
Rincon Mountain Dis-
trict (RMD). The TMD
is heavily impacted
by Picture Rocks
Road.
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Photo 6. Buffelgrass invasion of saguaro habitat. NPS photo

archive.

Figure 6. Broad catego-
ries of measures consid-
ered by NPScape, and
how they contribute to
understanding the land-
scape context of parks
and park resources.

Major landscape-level drivers affecting
Saguaro National Park are quantified and
interpreted by NPScape (National Park
Service 2012), a project run by the NPS
Inventory and Monitoring (I1&M) Division.
The overall goal of NPScape is to support
park natural resource management and plan-
ning by providing relevant landscape-scale
information to all possible NPS units with
significant natural resources (National Park
Service 1999, National Academy of Public

Administration 2010). Key NPScape objec-
tives are to provide:

e A coherent conceptual and analytical
framework for conducting landscape-
scale analyses and evaluations that can
inform park-level decisions.

e Credible methods that are well docu-
mented, founded on strong science, and
readily repeatable and extensible with
local data.

e Informative and useful data and related
products at the broad scales not typically
available at the park level.

e Assistance to parks in interpreting
results.

NPScape products have been developed us-
ing a conceptual framework that links mea-
surable attributes of landscapes to natural
resources within parks (Figure 6). The con-
ceptual framework illustrates connections
among key attributes of the greater park
environment and relates NPScape products
to the evaluation of landscape condition
and the context of parks. At its core, the
NPScape framework is designed to address
questions related to resource conservation

Human Footprint / Drivers

«  Human population .
+ Roads / rails / power lines .
- Impervious surface .
« Hydrological impoundments .

- Pollution sources

Threat
assessment

- Land ownership

- Key patches

\

Natural Systems

Conservation Context

- Land management

Vulnerability & opportunity

Area of habitats

Core areas

Connectivity / fragmentation
Disturbances

Status and value
assessment
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vulnerability and opportunity. These dynam-
ics are shaped most proximately at the land-
scape scale by three major factors: (i) natural
systems, (ii) human drivers, and (iii) conser-
vation context. This framework was derived
from and founded on more comprehensive
analyses of the mechanisms that link land
use intensification outside protected areas to
the resources within those areas (Hansen &
DeFries 2007).

Photo 7. A desert tortoise enjoys fruit from a prick-
ly pear cactus. NPS photo archive.

Consider by way of example a focal resource
like the desert tortoise (Gopherus agassizii).
Within the Park, the tortoise is capable of
persisting in part because of the ecologi-

cal attributes of the larger natural system
within which it exists (e.g., overall amount
of suitable habitat, integrity and connected-
ness of the habitat). However, the actual
ability of the natural system to maintain
viable populations of the tortoise must be
further interpreted in the context of human-
mediated drivers of landscape change (e.g.,
population, housing, roads, and other land
cover conversion). Tortoise populations
within the Park were historically connected
to populations outside the Park, but this
connectivity is being disrupted by habitat
loss due to urban development and barriers
that include roads and residential develop-
ments (Edwards et al. 2004a,b). Precisely
how these drivers interact with the attributes
of the natural system to impact conserva-
tion vulnerability and opportunity of the
tortoise depends further on the stewardship
of all management units within the sur-
rounding natural system (e.g., landowner,
level of protection, spatial context of other
lands suitable for conservation). NPScape

quantifies these critical landscape elements
and provides them, along with analysis and
interpretation to parks, in an effort to assist
management decisions aimed at protecting
natural resources like the tortoise.

As evident from the conceptual framework
(Figure 6), NPScape excels at providing
standardized landscape measures that are
of fundamental importance to all or at least
most parks. Furthermore, it does so using
consistent data and methods that lend them-
selves to reporting at regional and national
scales. NPScape products are thus intended
to provide parks with base-level I&M land-
scape dynamics monitoring support. This
model endeavors to promote more special-
ized landscape-level analyses by enabling
I&M networks to redirect resources that
would otherwise be spent on foundational
landscape dynamics monitoring. In other
cases where existing measures and analyses
provided by NPScape simply need to be
updated using more detailed geospatial data,
or perhaps run for other areas of analysis,
NPScape methods and tools are made avail-
able to again redirect I&M resources that
would otherwise be spent replicating ana-
lytical techniques already developed at the
national level (see Methods, Section 2).

Individual parks like Saguaro benefit from
the ability of NPScape to evaluate key
landscape measures repeatedly over time
using standardized data and methods. Such
a consistent approach is noteworthy in that
it provides Saguaro with past, present, and
future landscape dynamics monitoring data
and results that can be factored into park
management and planning. These core, I&M
landscape indicators that may be monitored
consistently over time using standardized
methodologies allow Saguaro to address
such questions as:

e How do the Rincon and Tucson Moun-
tain Districts of Saguaro experience dif-
ferent types and levels of stress imposed
by human drivers of landscape change?

e What are the major forms of land cover
change occurring around the park?
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e How are forests and grasslands distrib-
uted throughout the Sonoran Desert and
Madrean Archipelago ecoregions that
extend down into Mexico?

e What is the spatial distribution of pro-
tected areas around Saguaro and who
are the landowners?

While these are important questions for
Saguaro that will undoubtedly factor into
long-term resource management and plan-
ning, they do not necessarily directly address
anumber of the other more pressing ques-
tions that arise in response to current issues
confronted by the Park. Fortunately, in addi-
tion to NPScape, a considerable amount of
local landscape-level data and analysis is also
available, specifically through such sources
as Pima County (http://gis.pima.gov/),
FireScape (http://www.azfirescape.org/),
the Rincon Institute Urban Interface Project
(http://rinconinstitute.org/), and Arizona
Missing Linkages (http://corridordesign.
org/linkages/arizona). This report seeks to
include certain data and results from such
local groups in an effort to integrate with
standardized NPScape monitoring other
Geographic Information System (GIS) data
that drive current/ongoing management and
planning decisions in the region, and also
relate to critical park resources.

At the forefront of important resources for
Saguaro that are impacted by decisions made
by the greater resource conservation com-
munity are preserving wilderness character
in the face of a growing city of Tucson and
ensuring habitat connectivity for key spe-
cies of wildlife. Saguaro is poised to play

a central role in solutions to both of these
challenges. In addition to providing two of
the largest tracts of wilderness area in the
region, Saguaro also provides critical habitat
and connectivity for species of conserva-
tion concern. Combining information from
NPScape with local GIS data and regional
conservation priorities we are able to address
in this report a handful of targeted questions
that are particularly timely and relevant to
Saguaro, including;

e What are the most likely corridors that
urban-adaptable species might use to
move between the Rincon and Tucson
Mountain Districts, and how are these
distributed with respect to washes and
riparian habitats throughout the basin?

e How are key or vulnerable species
distributed in proximity to major hu-
man drivers like housing and population
density?

e How different are the viewsheds be-
tween the Rincon and Tucson Mountain
Districts and — considering potential im-
pacts to wilderness character — how are
human influences like nighttime lights
distributed in each viewshed?

e Instrategizing park education and
outreach, how are human populations
distributed with respect to age and
ethnicity around the Rincon and Tucson
Mountain Districts?

In summary, this report provides Saguaro
National Park with a foundational I&M
landscape dynamics monitoring framework
used to address basic questions related to
the natural systems, conservation context,
and human drivers around the Park. It also
provides park-specific data and results for
issues presently at the forefront of local
management and planning decisions un-

der consideration by the greater resource
conservation community. Methods are
described in sufficient detail to enable rep-
lication of the calculations and procedures,
particularly as they relate to I&M landscape
dynamics monitoring, so that results can be
updated for Saguaro over time as new source
data become available (typically every 5 to

10 years). Results are intended to provide a
snapshot in time with the hope and intent
that I&M landscape dynamics updates and
new park-specific data and results will be
synthesized on an appropriate time scale.
Finally, the report concludes with a summary
and synthesis of human drivers and advances
a series of recommendations for future land-
scape dynamics monitoring,.
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2.Methods

2.1 Landscape Indicators

2.1.1 NPScape Indicators for I&M Land-
scape Dynamics Monitoring

The NPScape landscape indicators summa-
rized in Table 1 were selected after careful
consideration of their ecological relevance to
Saguaro National Park, as well as more gen-
erally the appropriateness of the spatial, tem-
poral, and thematic resolution of the source
data available to compute the indicators (see
Data Sources, Section 2.3). Importantly,

due to these factors it should be recognized
that the NPScape indicators analyzed in this
report are considered foundational to I&M
landscape dynamics monitoring; additional
NPScape indicators may be included over
time as new data resources become available.
This section summarizes the NPScape indi-
cators presently selected and why. Additional
background on these choices is provided in
Monahan & Gross (2012) and the NPScape
Interpretive Guide (Monahan et al. 2012b).

A disadvantage of roads is that they are
inherently difficult to map and monitor con-
sistently over time, but road traffic is often
highly correlated with local population size
(Monahan et al. 2012b). Total population
and population density were thus selected to
monitor local human impacts.

Many of the habitats of special conservation
concern to Saguaro (e.g., riparian, saguaro-
dominated) are too taxonomically detailed
or spatially restricted to be reliably mapped
consistently over time by the sort of national
or even regional land cover mapping efforts
that are required by NPScape. However,
two important components of the natural
system that are ecologically informative and
available to NPScape are land cover area by
category (Anderson level I and II classifica-
tions) and area density pattern by land cover
category. While land cover area by category
may seem too basic to be informative as a
landscape indicator, in Canadian parks it
was precisely this measure as

Table 1. Landscape indicators selected by Saguaro Nation-
al Park and the Sonoran Desert Network to form the basis
for foundational 1&M landscape dynamics monitoring.

computed for each park and
surrounding landscape that

had the greatest support over

many variables in account-

Category Indicator
Housing Housing density
Roads Road density

Distance from road
Population Population (total, density)
Land cover Land cover area by category

Landscape pattern
Conservation status Protected area

Land ownership

Area density pattern by land cover category

ing for park extirpation of
mammal species (Wiersma et
al. 2004). Additionally, due to
the fact that land cover loss
results in reduced natural
area, creation of edges, and
increased isolation of result-
ing remnant patches (Ewers
& Didham 2006, Kupfer

In the case of human drivers, housing den-
sity was selected as a focal indicator because
— depending on proximity to a protected area
like Saguaro National Park — humans and
pets associated with this measure can have
profound direct and indirect effects on the
distribution, abundance, and population vi-
ability of native species (McDonnell & Hahs
2008). Road density was similarly selected
because the traffic associated with roads is
known to negatively impact many native spe-
cies through roadkill, road-avoidance, and
human access (Forman & Alexander 1998).

2006), all detrimental to bio-
diversity, change in this indicator over time
is also especially important. Area density
pattern by land cover category complements
the simple area estimates by describing land-
scape dynamics such as dominance, frag-
mentation, edge abundance, and patchiness
(Riitters 2011).

Lastly, formally designated protected areas
(i.e., lands that receive permanent protec-
tion from land cover conversion and are
mandated to maintain at least a primarily
natural state) and land ownership were
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chosen as landscape indicators for conser-
vation context. While no single percentage
of protected area can be used to ensure
protection or maintenance of biodiversity
(Lindenmayer & Franklin 2002, Groves
2003, Svancara et al. 2005), the amount and
distribution of protected areas provide in-
sights into whether and how species traverse
the landscape through a network of formally
protected natural habitats. Additionally, as
evident by local planning partnerships like
FireScape and the Arizona Wildlife Linkages
Workgroup, knowledge of surrounding land
ownership is critical to coordinated resource
conservation (Monahan & Gross 2012).

2.1.2 Landscape Indicators Selected
Specially for Saguaro National Park

In addition to the NPScape indicators, other
landscape-scale indicators related to attri-
butes of the natural system, human drivers,
and conservation context were included to
further assist Saguaro in evaluating resource
conservation challenges and opportuni-

ties (Table 2). Additional abiotic indicators
(natural systems) were chosen because they
affect the distributions of vulnerable spe-
cies occurring inside and around the park
(e.g., climate, hydrology), relate to renewable
energies that are subject to potential devel-
opment in areas adjoining the park (e.g.,
wind, solar), and relate to important natural

disturbances such as fire (e.g., lightning).
Nighttime light pollution was included as

an additional human driver because it links
very clearly to park natural resources like
wilderness character. An expanded set of
indicators related to conservation context
was also considered because Saguaro faces
distinct resource conservation challenges
and opportunities by nature of being a park
that is split by a rapidly growing city (Tucson
and neighboring suburbs and towns). While
anthropogenic landscape-level changes
(e.g., increases in housing density) are often
assessed for their negative effects on park
resources, an important goal at Saguaro is
to increase the Park’s relevancy in the sur-
rounding community, particularly among
youth. Hence, in order to assist Saguaro with
strategizing how best to engage local com-
munities, the report also includes a number
of other demographic (e.g., age, education,
race) and land use/planning indicators.
Although these landscape indicators re-
lated to natural systems, human drivers, and
conservation context are not analyzed as
extensively as the core landscape indicators
considered by NPScape, a major advantage
of including them here is to facilitate more
direct comparisons and interpretations than
is otherwise possible when results are spread
across disparate reports.

Table 2. Other landscape indicators related to natural systems, human drivers, and
conservation context that complement the core I&M indicators listed in Table 1.

Category Indicator

Climate

Minimum monthly temperature

Maximum monthly temperature

Total monthly precipitation

Minimum temperature of the coldest month

Maximum temperature of the warmest month

Annual precipitation

Hydrography &
connectivity

Lightning

Temperature seasonality (SD in monthly mean temperature)
Precipitation seasonality (CV in monthly precipitation)
Watersheds, number and area

Wash network, location

Drainage basins, number and area

Wildlife corridors, location

Annual flash rate

Average September — June (low) flash rate

Average July (mid) flash rate
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Table 2. Other landscape indicators related to natural systems, human drivers, and
conservation context that complement the core I&M indicators listed in Table 1 (continued).

Category Indicator

Lighting (continued)  Average August (high) flash rate
Renewable energy Wind speed
Concentrating solar power
Geothermal favorability, index
Vulnerable species Needle-spined pineapple cactus (Echinomastus erectocentrus var. erectocentrus)
Pima pineapple cactus (Coryphanta scheeri var. robustispina)
Gentry indigobush (Dalea tentaculoides)
Huachuca water umbel (Lilaeopsis schafferneriana var. recurva)
Tumamoc globeberry (Tumamoca macdougalii)
Desert pupfish (Cyprinidon macularius malcularius)
Gila chub (Gila intermedia)
Gila topminnow (Poeciliopsis occidentalis occidentalis)
Longfin dace (Agosia chrysogaster)
Sonora sucker (Catostomus insignus)
Desert box turtle (Terrapene ornata luteola)
Chiricahua leopard frog (Rana chiricahuensis)
Lowland leopard frog (Rana yavapaiensis)
Giant spotted whiptail (Chemidophorus burti stictogrammus)
Ground snake (Sonora semiannulata)
Mexican garter snake (Thamnophis eques megalops)
Tucson shovelnose snake (Chionactis occipitalis klauberi)
Abert's towhee (Pipilo aberti)
Bell's vireo (Vireo bellii)
Cactus ferruginous pygmy ow! (Glaucidium brasilianum cactorum)
Rufous-winged sparrow (Aimophilia carpalis)
Swainson's hawk (Buteo swainsoni)
Southwestern willow flycatcher (Empidonax traillii extimus)
Western burrowing owl (Athene cunicularia hypugaea)
Western yellow-billed cuckoo (Coccyzus americanus occidentalis)
Allen's big-eared bat (Idionycteris phyllotis)
California leaf-nosed bat (Macrotus californicus)
Lesser long-nosed bat (Leptonycteris curasoae yerbabuenae)
Mexican long-tongued bat (Choeronycteris mexicana)
Pale Townsend's big-eared bat (Plecotus townsendli pallescens)
Western red bat (Lasiurus blossevillir)
Western yellow bat (Lasiuris xanthinus)
Arizona shrew (Sorex arizonae)
Nighttime lights Nighttime lights, sky-down, visible
Nighttime lights, sky-down, atmospheric scattering
Nighttime lights, ground-up, visible
Transportation Road network, location
Railroad network, location
Airports, number & location

Trail network, location
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Table 2. Other landscape indicators related to natural systems, human drivers, and
conservation context that complement the core I&M indicators listed in Table 1 (continued).

Category Indicator

Transportation Bike route network, location
(continued) Bus route network, location
HandiCar zones, area and location
Viewsheds (see AOA, RMD & TMD, from road key observation points
below) RMD & TMD, from front-country key observation points
RMD, from back-country key observation points
Land use & zoning Land use

Land use intensity

New building permits, type

Number of structures built

Subdivisions, lot count

Parcels, area

Neighborhood associations, area

Jurisdictions, identities
Socioeconomics Race — Asian American (number, density)

Race — Black (number, density)

Race — Hispanic (number, density)

Race — Native American (number, density)

Race — White (number, density)

Age — median

Age — under 5 yrs (number, density)

Age -5 to 19 yrs (number, density)

Age — 21 yrs and over (number, density)

Age — 65 yrs and over (number, density)

Education — no school (number, density)

Education — middle and part of high school (number, density)

Education — high school graduate (number, density)

Education — Bachelor’s degree (number, density)

Schools — elementary, middle, high (number)

School districts — elementary, middle, high (number, area)

School children — grades 1-8 (number)

School children — grades 9-12 (number)

Household size — owner occupied (average)

Household size — renter occupied (average)

Monthly owner costs as % of income — 35% or more (number, density)

Gross rent as % of income — 35% or more (number, density)

Poverty — families below (number, percentage)

Employment — employed (number, density)

Employment — unemployed (number, density)

Income ($)

Structure value ($)

Popular attractions (identity, location)

Popular attractions (identity, location)

Modern cultural attractions (identity, location)
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2.2 Ecologically Informative Areas
of Analysis

Landscape indicators important to parks
and park resources often vary with scale or
spatial extent. Areas of analysis (AOAs) rep-
resent formal definitions on a map of what

is meant by ‘landscape’ (Figure 7). AOAs

are critical to any landscape project because
they ensure that everyone analyzing and
interpreting landscape data and results are
doing so under a common spatial framework
that is ecologically relevant to the questions
being addressed. In this report, we consider
multiple AOAs that collectively allow us to
consider the major park/boundary, local, and
ecoregional scales that drive most landscape
dynamics of relevance to Saguaro.

Importantly, multiple AOAs are considered
for each indicator because:

e No single AOA is fully suited to answer-
ing questions related to a particular
landscape indicator.

e Different landscape indicators are typi-
cally informative over different AOAs.

e Local planning regions (e.g., FireScape)
define AOAs for a specific set of project
questions and goals that do not neces-
sarily drive park and I&M priorities and
strategy.

Focal AOAs considered in this report are
shown in Maps 1 [RMD], 2 [TMD], 3 [Park,
both districts], and 4 [ecoregions]. The eco-
logical relevance of each is detailed below
and summarized in Table 3.

2.2.1 Park, Boundary, and Upstream
Watershed AOAs

The most relevant spatial scale for many
resource conservation decisions at Saguaro
will consist of the area within park boundar-
ies (Maps 1 [RMD] and 2 [TMD]). Wildlife
may move among areas within the park,
plants disperse and colonize, and devel-
opment and visitor use have impacts that
extend spatially from their locations within

Ecoregion

Boundary

Figure 7. A schematic dia-
gram illustrating a few
major types of ecologi-
cally informative areas
of analysis (AOAs), and
why it is important to
assess landscape indica-
tors across scales. The
park-scale reflects the
area within which park
managers have maximum
control over decisions
related to resource con-
servation. The boundary
scale immediately adja-
cent to the park (e.g., <

3 km from park) captures
any human-caused edge
effects (e.g., homeowner
activities adjacent to the
park). The local scale
(e.g., < 30 km from park)
relates holistically to

the landscape context

of a park by integrating
natural systems, human
drivers, and conserva-
tion status. Finally,
ecoregional scales inform
large-scale and long-term
environmental changes
like climate change.
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Table 3. Summary of AOAs considered in this report and why they are ecologically relevant.

AOA

Ecological Relevance

Park

Park + 3 km buffer

Park upstream
watersheds

The scale at which Saguaro National Park has maximum management control; the
Rincon and Tucson Mountain Districts contain Wilderness areas but are separated
by the growing city of Tucson and surrounding communities

Captures the effects of human drivers that are most proximate and direct to the
Park; allows for these landscape dynamics to be quantified separately for the Rincon
and Tucson Mountain Districts

In the case of Saguaro National Park, largely headwater catchments that relate to
watershed services downstream in surrounding communities; also, catchments can
influence movements of species inside park boundaries

Park + 30 km buffer

A local park landscape that tends to integrate the combined effects of human

drivers, natural systems, and conservation context outlined in Figure 6

FireScape

An entire mountain range encompassing areas where fire is an important part

of the ecosystem, as well as areas that require protection from fire; drives local
resource conservation management and planning

Viewsheds

Areas that are visible from key observation points inside the Park; informative AOAs

for such "visual’ Park resources as visitor experience and wilderness character

Ecoregions

Geographies at scales suitable for management that share major common

ecosystems; Saguaro is uniquely positioned on the border of two ecoregions: the
Sonoran Desert and Madrean Archipelago

the park. This is also the scale where Saguaro
has the greatest control over landscape-level
change.

The landscape immediately adjacent to the
park (< 3 km) has a large effect on permeabil-
ity or connections between the park and the
surrounding landscape (Maps 1 [RMD] and
2 [TMD]), and thus on the importance of
landscape attributes in the broader local area
(Hansen & DeFries 2007). Roads and highly
developed areas can act as barriers to move-
ment of wildlife between the park and sur-
rounding lands, isolating Saguaro resources
from important habitats outside the Park.
Land cover characteristics at this local scale
can have a strong effect on fire management
strategies and the probability that wildfires
ignited on the surrounding lands will burn
into the Park. Activities and processes occur-
ring within the area immediately adjacent to
Saguaro are sufficiently close that even small
effects can propagate into the Park and af-
fect resources. Housing adjacent to the Park
boundary can increase pet-wildlife interac-
tions, exotic plant introductions from yards
and gardens, and the ignition frequency

of small fires. Roads in and near Saguaro’s
boundaries provide additional visitor access,

and may increase the potential for poaching
within the Park.

Because Saguaro is a headwaters park, park
upstream watersheds also delineate a rel-
evant and useful set of AOAs for landscape
analysis (Maps 1 [RMD] and 2 [TMD]),
largely because of the downhill and down-
stream transport of materials and energy.
For example, landscape processes in the
upstream watersheds (Wilderness areas for
Saguaro) affect hydrology, water chemistry,
and aquatic biota. Saguaro contributes these
watershed services to areas and communities
in and around the city of Tucson. On the flip
side, watersheds also delineate areas within
which stressors such as invasive species may
move, either up or down slope. Even for
headwater parks like Saguaro, park upstream
watersheds are informative for evaluating
how resource stressors that invade from the
Park’s boundary might colonize other areas
of the Park.

2.2.2 Local 30 km and FireScape AOAs
Although analyses within and immediately
adjacent (<3 km) to Saguaro are important,
many GIS datasets are unsuited for analysis
at such fine scales. Local aerial photogra-
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phy and fine-scale vegetation maps, county
property records, and county/state road and
traffic data are usually better suited to analy-
ses that focus on relatively small areas within
a few kilometers of a park. Instead, most
NPScape and other GIS data considered in
this report are suited to analyses that focus
on larger areas and on park resources that
are dependent on landscapes that extend
well beyond park boundaries. For example,
many ecological processes operate at a local
scale on the order of 15-40 km (Clark 1985,
Wiens 1989). Specific examples include the
propagation of wildland fires, dispersal of
local pollutants, daily to weekly movements
of birds and larger mammals, and yearly

to multi-decadal dispersal of amphibians,
reptiles, and smaller mammals. There is no
unique and uniform distance that defines the
local scale, and for reporting purposes we
chose 30 km from the Park boundary as an
approximate distance for quantifying land-
scape effects of this type (Map 3).

For Saguaro, FireScape is a local collabora-
tion directed at landscape-scale fire and
ecosystem management (http://www.azfir-
escape.org/). FireScape considers the Santa
Catalina and Rincon Mountains in Pima,
Pinal and Cochise counties. The spatial ex-
tent of the FireScape boundary classifies it as
alocal AOA for the RMD of Saguaro (Fir-
eScape does not include the TMD, Map 3).
Multiple agencies and institutions contribute
to FireScape, including Coronado National
Forest, Saguaro National Park, University of
Arizona, The Nature Conservancy, and the
Southern Arizona Buffelgrass Coordination
Center. Hence, FireScape is an important
AOA for Saguaro (RMD) because it is an
existing planning region that has already gal-
vanized a number of important landscape-
level collaborations and activities.

2.2.3 Local viewsheds for RMD and
TMD

Viewsheds are important local AOAs for
Saguaro because they relate to visitor ex-
perience and wilderness character. For
example, consider how visitor experience
along front country trails is shaped by what
is visible both within and perhaps beyond
park boundaries. Depending on visitor

preference, one might choose a ridge trail
with a view of the city, or a canyon trail
secluded from external sights. In addition,
consider how the wilderness character of
back country trails might be compromised
by nighttime light pollution, which could be
evaluated quite simply to a first approxima-
tion by overlaying viewsheds on top of a map
of nighttime lights. In this report we consider
viewsheds computed separately for RMD
and TMD, from ‘key observation points’
located along roads and both front and

back country trails inside the Park (see Data
Sources [Section 2.3], and results presented
in Section 3.3.3).

2.2.4 Sonoran Desert and Madrean
Archipelago Ecoregional AOAs
Landscape attributes at broader, regional
spatial scales often affect park natural re-
sources on time scales of decades to cen-
turies. At this spatiotemporal scale, species
are most likely to interact through gene flow
and long-term extinction and recoloniza-
tion processes. This regional perspective is
necessary to plan for or respond to issues
such as the ability of altered landscapes to
support regional biodiversity, and to evaluate
impacts from broad-scale drivers like climate
change. As the NPS confronts challenges of
global changes, including ongoing and future
climate change, a regional perspective will
be essential for long-term conservation of
biodiversity (National Park Service 2010a).
Furthermore, in evidence of the importance
of ecoregional scale approaches to resource
conservation, the Department of Interior
recently established Landscape Conserva-
tion Cooperatives and regional Climate
Science Centers (DOI Secretarial Order
3289), and other DOI bureaus like the BLM
are conducting assessments at ecoregional
scales. Saguaro is uniquely positioned in that
the TMD and RMD span two ecoregions,
the Sonoran Desert ecoregion to the west
(TMD) and the Madrean Archipelago (Sky
Island) ecoregion to east (RMD; Map 4).

2.3 Data Sources

2.3.1 NPScape Data
The compilation and derivation of NPScape
data are described in great detail in a se-
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ries of methodological reports or Standard
Operating Procedures (SOPs). NPScape
SOPs used in this report include: popula-
tion (National Park Service 2010b,c), hous-
ing (National Park Service 2010d), roads
(National Park Service 2010e), land cover
(National Park Service 2010f,g), landscape
pattern (National Park Service 2010h), and
conservation status (National Park Service
2011a,b). Importantly, NPScape data de-
scribed in these SOPs are derived from the
published and authoritative source data
listed in Table 4.

Although described in the aforementioned
NPScape SOPs and source data refer-
ences (Table 4), several important details of
NPScape data merit explicit mention in this
report:

Housing: Estimates of housing density
originate from a data-driven model, the
spatially explicit regional growth model

(SERGoM, Table 4), which is what permits
future projections to be made for the 21st
Century. Housing density classes follow
from Theobald (2005), and the non-uniform
ranges are deigned to capture low-density
housing dynamics that are important for
ecological studies: private/undeveloped, <
1.5 units/km?, 1.5-3 units/km?, 4-6 units/
km?, 7-12 units/km?, 13-24 units/km?, 25-49
units/km?, 50-145 units/km?, 146-494 units/
km?, 495-1,234 units/km?, 1,235-2,470 units/
km?, > 2,470 units/km?, commercial/indus-
trial, and urban-regional park. These rather
finely divided housing density classes may be
further summarized according to rural (pri-
vate undeveloped and housing densities up
through 6 units/km?), exurban (7-145 units/
km?), suburban (146-1,234 units/km?), and
urban (> 1,235 units/km?).

Roads: Road data originate from ESRI (Envi-
ronmental Systems Research Institute 2010),
but spatial coverage does not include Mexi-

Table 4. Data used to estimate the NPScape indicators considered in this report. Data sources cross reference the

indicators in Table 1.

Measure Source Data Years Resolution Reference
Population US Census Bureau 1990, 2000, Census block US Census Bureau 1991, 2001, 2011
2010 groups
US Census Bureau 1790-2000, by  County Waisanen & Bliss 2002
decade
State of Arizona 2060-2055, by  County Arizona Commerce Authority 2006
decade
Housing Spatially Explicit Regional ~ 1970-2100, by 100 m cells Theobald 2005
Growth Model (SERGoM)  decade
Roads Environmental Systems Varies, up to Varies Environmental Systems Research Institute
Research Institute (ESRI) 2005 2010
Land cover National Land Cover Data 2001, 2006 30 m cells Fry et al. 2011
(NLCD)
North American Land 2005 250 m cells Commission for Environmental
Change Monitoring Cooperation 2010
System (NALC)
Pattern North American Land 2005 250 m cells Source data reference for NALC
Change Monitoring
System (NALC)
Conservation status Protected Areas Database  Varies Varies USGS Gap Analysis Program 2011
of the US (PAD-US)
World Protected Areas Varies Varies World Commission on Protected Areas

Database (WDPA)

2011
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co. Major roads include all highways and in-
terstates. All roads include major roads plus
streets. Weighted road density is estimated
by multiplying interstate lengths by a factor
of 10 and highway lengths by a factor of 3
(streets are effectively unweighted and given
a factor of 1); these weights are designed to
capture the effects of variable traffic volume
by major road type.

Population: While historical data originate
from the US Census Bureau, the intermedi-
ate source used by NPScape was Waisanen &
Bliss (2002). State projections were obtained
from the Arizona Department of Commerce,
Center for Economic Advancement (Arizona
Commerce Authority 2006).

Land cover: Source datasets do not permit
thematic classifications at finer taxonomic
resolutions than an Anderson Level II clas-
sification. Change in land cover area by cat-
egory could only be computed from a single
source dataset (2001 and 2006).

Landscape pattern: Because pattern indica-
tors derive from land cover, they are also
limited by the same issues related to themat-
ic/taxonomic resolution described above.
Area density pattern was developed here

for forest and grassland land cover types
because these relate to important habitats
found in Saguaro (desert grasslands, pine
forests and mixed conifer forest) that are

to varying degreees fragmented by shrub
(dominant land cover type). In brief, the area
density analysis works by sliding a moving
window of particular size (e.g., 7 x 7 pixels)
across the landscape and - for each center
pixel of a particular target cover type (e.g.,
forest) — computing the percentage of pixels
in the window that match the target. These
percentages are then classified into one of
seven density classes: intact, interior, domi-
nant, transitional, patchy, rare, or none. The
following window sizes were selected to en-
compass a range of scales that are considered
to be ecologically relevant and practical for
management (pixel size = 250 m): 7 x 7 pixels
(3.06 km?), 11 x 11 pixels (7.56 km?), 15 x

15 pixels (14.06 km?), 27 x 27 pixels (45.56
km?), 39 x 39 pixels (95.06 km?). The smallest
window was chosen to ensure percentages

could be reliably estimated from a mini-
mum adequate number of pixels (49 pixels).
Area density can be computed at either the
landscape or sector level (Riitters 2011); the
sector level is essentially the landscape level
masked by the target cover type. For purpos-
es of this report, we computed area density
based on the landscape level. This decision
was made because many of the focal species
are not strictly tied to forest and grassland
habitats, meaning that proximity to these
habitats (i.e., as captured by the landscape
but not sector level) is also informative.

Protected areas: The “protected area” in-
dicator computed by NPScape is estimated
using the Protected Areas Database of the
US (PAD-US, USGS Gap Analysis Program
2011) for local AOAs and World Protected
Areas Database (WDPA, World Commis-
sion on Protected Areas 2011) for ecore-
gions extending into Mexico. In WDPA, all
features are formally defined as protected by
IUCN. However, in PAD the picture is more
complex. GAP currently uses a scale of 1 to
4 to denote the relative degree of manage-
ment committed to maintaining biodiversity
in each land unit. A status of 1 denotes the
highest, most permanent level of protec-
tion, and 4 represents the lowest level or
unknown status. In assigning conservation
status, the gap analysis process follows two
guiding principles: first, prescribed manage-
ment, not land ownership, is the primary
determinant in assigning status and second,
while data are imperfect, and all land is
subject to changes in both ownership and
management, the intent of a land steward as
evidenced by legal and institutional factors
can be used to assign status. The criteria
used in assigning a status rank include:

e Permanence of protection from conver-
sion of natural land cover to unnatural
(human-induced barren, arrested suc-
cession, cultivated exotic-dominated).

e Relative amount of the land unit man-
aged for natural cover, with 5% allow-
ance for intensive human use.

e Inclusiveness of management, i.e., single
feature or species versus all biota.
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e Type of management (e.g., suppresses or
allows natural disturbance) and degree
that it is mandated through legal and
institutional arrangements.

Using the above criteria, the four biodiver-
sity management status ranks can generally
be defined as follows (after Scott et al. 1993,
Edwards et al. 1994, Crist et al. 1996):

Status 1: An area having permanent protec-
tion from conversion of natural land cover
and a mandated management plan in op-
eration to maintain a natural state within
which disturbance events (of natural type,
frequency, intensity, and legacy) are allowed
to proceed without interference or are mim-
icked through management.

Status 2: An area having permanent protec-
tion from conversion of natural land cover
and a mandated management plan in opera-
tion to maintain a primarily natural state,
but which may receive uses or management
practices that degrade the quality of existing
natural communities, including suppression
of natural disturbance.

Status 3: An area having permanent protec-
tion from conversion of natural land cover
for the majority of the area, but subject to ex-
tractive uses of either a broad, low-intensity
type (e.g., logging) or localized intense type
(e.g., mining). It also confers protection to
federally listed endangered and threatened
species throughout the area.

Status 4: There are no known public or pri-
vate institutional mandates or legally recog-
nized easements or deed restrictions held by
the managing entity to prevent conversion of

natural habitat types to anthropogenic habi-
tat types. The area generally allows conver-
sion to unnatural land cover throughout.

Typically, protected lands are those consid-
ered to have permanent protection from
conversion of natural land cover and a
mandated management plan in operation
to maintain a primarily natural state (i.e.,
GAP status 1 and 2) while ‘multiple-use’
lands, such as most areas managed by BLM
or USFS, are considered status 3. NPScape
“protected area” computed using PAD-US
followed this approach and identified all
status 1 and 2 lands as ‘protected’.

Land ownership: This indicator was cal-
culated for PAD-US only, not the WDPA,
which thematically was too coarse to be
useful for Saguaro. The same caveats for
protected areas also apply here. Also, spe-
cifically in the case of Arizona, under cur-
rent law State Land Board land is to be

sold eventually for development to benefit
Arizona schools. These lands are not con-
sidered formally protected (above), and with
being subject to possible future development
are of more limited value to natural resource
conservation.

2.3.2 Other Landscape Data

Other data considered in this report origi-
nated from a multitude of sources (Table

5). Most were obtained from Pima County
(http://gis.pima.gov/) and the Pima Associa-
tion of Governments (http://www.pagnet.
org/tabid/36/default.aspx).

Table 5. Data used to estimate other landscape indicators that are of special importance to Saguaro National Park.
Data sources cross reference the indicators in Table 2.

Measure Source Data Years Resolution Reference

Climate PRISM 1970-2000, by 800 m
month x year

http://www.prism.oregonstate.edu/

PRISM 1980-2010, by 4 km
month x year

http://www.prism.oregonstate.edu/

Land cover USGS, Santa Cruz 1979, 1989, 30 m http://pubs.usgs.gov/of/2011/1131/

watershed 1999, 2009
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Table 5. Data used to estimate other landscape indicators that are of special importance to Saguaro National Park.
Data sources cross reference the indicators in Table 2 (continued).

Measure Source Data Years Resolution Reference
Land cover Hydrologic land cover 2008 Varies Special request from
(continued) types (biome) http://qgis.pima.gov/
Hydrography & Flood control structures 1996 1:24,000 http://gis.pima.gov/data/contents/metadet.
connectivity cfm?name=fcd_stru
Springs 1993 1:24,000 http:/gis.pima.gov/data/contents/metadet.
cfm?name=springs
Major washes (polygon) 2008 Varies http:/gis.pima.gov/data/contents/metadet.
cfm?name=wash_maj
Major washes (linear) 1998 1:24,000 http://gis.pima.gov/data/contents/metadet.
cfm?name=washmajl
All washes 2009 1:100,000 http://qgis.pima.gov/data/contents/metadet.
cfm?name=washes
Drainage basins 1991 1:24,000 http:/gis.pima.gov/data/contents/metadet.
cfm?name=drainbas
Publically owned basins 2008 Varies http:/gis.pima.gov/data/contents/metadet.
cfm?name=basinpub
Privately owned basins 2008 Varies http://gis.pima.gov/data/contents/metadet.
cfm?name=basinpvt
Wildlife corridors c. 2006 Varies http://corridordesign.org/linkages/arizona
Urban-wildlife interface 2003 Varies http:/gis.pima.gov/data/contents/metadet.
cfm?name=urbnwild
Wild life lines c. 2006 270 m Theobald et al. (2012)
Lightning Flash rate 1995-2000, by 0.5 deg http:/thunder.msfc.nasa.gov/data/
month
Renewable energy Wind speed c. 2003 Varies http://www.nrel.gov/gis/data_wind.html
Wind speed and direction  1973-2004, by~ Varies http://www.wrh.noaa.gov/twc/aviation/
month x day x windrose TUS.php
time
Concentrating solar power c. 2009 Varies http://www.nrel.gov/gis/data_solar.html
Geothermal favorability c. 2008 Varies http://certmapper.cr.usgs.gov/data/
geothermal/western_us/spatial/shape/
favorabilitysurface.zip
Vulnerable species Needle-spined pineapple 2003 Varies Special request from
cactus (Echinomastus http://qis.pima.gov/
erectocentrus var.
erectocentrus)
Pima pineapple cactus 2003 Varies Special request from
(Coryphanta scheeri var. http://gis.pima.gov/
robustispina)
Gentry indigobush (Dalea 2003 Varies Special request from
tentaculoides) http://qis.pima.gov/
Huachuca water umbel 2003 Varies Special request from

(Lilaeopsis schafferneriana
var. recurva)

http://qgis.pima.gov/

National Park Service 15


http://gis.pima.gov/data/contents/metadet.cfm?name=fcd_stru
http://gis.pima.gov/data/contents/metadet.cfm?name=fcd_stru
http://gis.pima.gov/data/contents/metadet.cfm?name=springs
http://gis.pima.gov/data/contents/metadet.cfm?name=springs
http://gis.pima.gov/data/contents/metadet.cfm?name=wash_maj
http://gis.pima.gov/data/contents/metadet.cfm?name=wash_maj
http://gis.pima.gov/data/contents/metadet.cfm?name=washmajl
http://gis.pima.gov/data/contents/metadet.cfm?name=washmajl
http://gis.pima.gov/data/contents/metadet.cfm?name=washes
http://gis.pima.gov/data/contents/metadet.cfm?name=washes
http://gis.pima.gov/data/contents/metadet.cfm?name=drainbas
http://gis.pima.gov/data/contents/metadet.cfm?name=drainbas
http://gis.pima.gov/data/contents/metadet.cfm?name=basinpub
http://gis.pima.gov/data/contents/metadet.cfm?name=basinpub
http://gis.pima.gov/data/contents/metadet.cfm?name=basinpvt
http://gis.pima.gov/data/contents/metadet.cfm?name=basinpvt
http://gis.pima.gov/data/contents/metadet.cfm?name=urbnwild
http://gis.pima.gov/data/contents/metadet.cfm?name=urbnwild
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Table 5. Data used to estimate other landscape indicators that are of special importance to Saguaro National Park.

Data sources cross reference the indicators in Table 2 (continued).

Measure Source Data Years Resolution Reference

Vulnerable Species Tumamaoc globeberry 2003 Varies Special request from

(continued) (Tumamoca macdougalii) http://qgis.pima.gov/
Desert pupfish (Cyprinidon 2003 Varies Special request from
macularius malcularius) http://qis.pima.gov/
Gila chub (Gila intermedia) 2002 Varies Special request from

http://gis.pima.gov/
Gila topminnow 2003 Varies Special request from
(Poeciliopsis occidentalis http:/qgis.pima.gov/
occidentalis)
Longfin dace (Agosia 2003 Varies Special request from
chrysogaster) http:/gis.pima.gov/
Sonora sucker 2003 Varies Special request from
(Catostomus insignus) http://gis.pima.gov/
Desert box turtle 2003 Varies Special request from
(Terrapene ornata luteola) http://gis.pima.gov/
Chiricahua leopard frog 2003 Varies Special request from
(Rana chiricahuensis) http://qgis.pima.gov/
Lowland leopard frog 2003 Varies Special request from
(Rana yavapaiensis) http://gis.pima.gov/
Giant spotted whiptail 2003 Varies Special request from
(Chemidophorus burti http://gis.pima.gov/
stictogrammus)
Ground snake (Sonora 2003 Varies Special request from
semiannulata) http:/gis.pima.gov/
Mexican garter snake 2003 Varies Special request from
(Thamnophis eques http://gis.pima.gov/
megalops)
Tucson shovelnose snake 2003 Varies Special request from
(Chionactis occipitalis http:/gis.pima.gov/
klauberi)
Abert's towhee (Pipilo 2003 Varies Special request from
aberti) http://qgis.pima.gov/
Bell's vireo (Vireo bellii) 2003 Varies Special request from
http:/gis.pima.gov/

Cactus ferruginous 2003 Varies Special request from
pygmy ow! (Glaucidium http://gis.pima.gov/
brasilianum cactorum)
Rufous-winged sparrow 2003 Varies Special request from
(Aimophilia carpalis) http://gis.pima.gov/
Swainson's hawk (Buteo 2003 Varies Special request from
swainsoni) http://qgis.pima.gov/
Southwestern willow 2003 Varies Special request from
flycatcher (Empidonax http:/gis.pima.gov/
traillii extimus)
Western burrowing 2003 Varies Special request from

owl! (Athene cunicularia
hypugaea)

http://gis.pima.gov/
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Table 5. Data used to estimate other landscape indicators that are of special importance to Saguaro National Park.
Data sources cross reference the indicators in Table 2 (continued).

Measure Source Data Years Resolution Reference
Vulnerable Species Western yellow-billed 2003 Varies Special request from
(continued) cuckoo (Coccyzus http:/gis.pima.gov/
americanus occidentalis)
Allen's big-eared bat 2003 Varies Special request from
(Idionycteris phyllotis) http://gis.pima.gov/
California leaf-nosed bat 2003 Varies Special request from
(Macrotus californicus) http:/gis.pima.gov/
Lesser long-nosed bat 2003 Varies Special request from
(Leptonycteris curasoae http://gis.pima.gov/
yerbabuenae)
Mexican long-tongued bat 2003 Varies Special request from
(Choeronycteris mexicana) http:/gis.pima.gov/
Pale Townsend's big-eared 2003 Varies Special request from
bat (Plecotus townsendii http://gis.pima.gov/
pallescens)
Western red bat (Lasiurus 2003 Varies Special request from
blossevillii) http://qgis.pima.gov/
Western yellow bat 2003 Varies Special request from
(Lasiuris xanthinus) http://qgis.pima.gov/
Arizona shrew (Sorex 2003 Varies Special request from
arizonae) http://qis.pima.gov/
Population Total 2005, 2040 Varies http://www.pagnet.org/RegionalData/
Maps/MapsandGISDownloads/tabid/902/
Default.aspx
Housing Number of units 2005, 2040 Varies http://www.pagnet.org/RegionalData/
Maps/MapsandGISDownloads/tabid/902/
Default.aspx
Nighttime lights Nighttime lights, sky- 1997, 2009 ~1 km? http://ngdc.noaa.gov/dmsp/
down, visible downloadV4composites.html
Nighttime lights, sky- c. 2000 Varies http://www.lightpollution.it/worldatlas/
down, scattering pages/figl.htm
Nighttime lights, ground- 2010 Varies http://www.globeatnight.org/analyze.html
up, visible
Lighting area codes 2011 1:24,000 http://gis.pima.gov/data/contents/metadet.
cfm?name=litecode
Transportation Airport height zones 2009 Varies http:/gis.pima.gov/data/contents/metadet.
cfm?name=aez hz
Railroads 2005 1:24,000 http://qgis.pima.gov/data/contents/metadet.
cfm?name=railroad
Trails 2006 1:24,000 http://gis.pima.gov/data/contents/metadet.
cfm?name=trails
Bike routes 2011 1:56,320 http://gis.pima.gov/data/contents/metadet.
cfm?name=bike rte
Bike routes (planned) 1999 Varies http://qgis.pima.gov/data/contents/metadet.

cfm?name=bikeplan
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http://gis.pima.gov/data/contents/metadet.cfm?name=bike_rte
http://gis.pima.gov/data/contents/metadet.cfm?name=bikeplan
http://gis.pima.gov/data/contents/metadet.cfm?name=bikeplan

Table 5. Data used to estimate other landscape indicators that are of special importance to Saguaro National Park.
Data sources cross reference the indicators in Table 2 (continued).

Measure Source Data Years Resolution Reference
Transportation Park and ride locations 2010 Varies http:/gis.pima.gov/data/contents/metadet.
(continued) cfm?name=parkride
Bus stops 2010 Varies http:/gis.pima.gov/data/contents/metadet.
cfm?name=busstops
Bus routes 2010 1:126,720 http://gis.pima.gov/data/contents/metadet.
cfm?name=busroute
HandiCar service areas 2010 Varies http://gis.pima.gov/data/contents/metadet.
cfm?name=handibnd
Conservation status Conservation Lands 2005 1:24,000 http://gis.pima.gov/data/contents/metadet.
System cfm?name=clsadopt
Ownership 2010 Varies http://gis.pima.gov/data/contents/metadet.
cfm?name=preserve
Protected area 2010 Varies http://gis.pima.gov/data/contents/metadet.
cfm?name=preserve
Superfund sites 2001 Varies http:/gis.pima.gov/data/contents/metadet.
cfm?name=superfnd
Active mines 1996 1:3,000 http://gis.pima.gov/data/contents/metadet.
cfm?name=mine act
Land use & zoning Land use 1993 1:3,000 http:/gis.pima.gov/data/contents/metadet.
cfm?name=lu_cot93
Land use intensity 2009 Varies http:/gis.pima.gov/data/contents/metadet.
cfm?name=cpintens
New building permits 2010-2011 Varies http:/gis.pima.gov/data/contents/metadet.
cfm?name=perm_mrg
Number of structures built  1999-2000 1:24,000 http://gis.pima.gov/data/contents/metadet.
cfm?name=cen2kblt
Subdivision lot count 2011 1:12,000 http://qgis.pima.gov/data/contents/metadet.
cfm?name=subdiv
Parcel size c. 2010 1:200 http://gis.pima.gov/data/contents/metadet.
cfm?name=paregion
Real property inventory 2010 1:3,000 http:/gis.pima.gov/data/contents/metadet.
cfm?name=cotparc
Development plans 2011 1:24,000 http:/gis.pima.gov/data/contents/metadet.
cfm?name=dev_plan
Historic districts 2006 Varies http://gis.pima.gov/data/contents/metadet.
cfm?name=disthist
Annexation boundaries 2010 1:3,000 http://gis.pima.gov/data/contents/metadet.
cfm?name=annex
Neighborhood associations 2007 Varies http:/gis.pima.gov/data/contents/metadet.
(Tucson) cfm?name=nha_city
Area plan (Tucson) 2000 Varies http://gis.pima.gov/data/contents/metadet.
cfm?name=areaplan
Zoning jurisdictions 2007 Varies http://gis.pima.gov/data/contents/metadet.

(Tucson)

cfm?name=zone all
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http://gis.pima.gov/data/contents/metadet.cfm?name=parkride
http://gis.pima.gov/data/contents/metadet.cfm?name=parkride
http://gis.pima.gov/data/contents/metadet.cfm?name=busstops
http://gis.pima.gov/data/contents/metadet.cfm?name=busstops
http://gis.pima.gov/data/contents/metadet.cfm?name=busroute
http://gis.pima.gov/data/contents/metadet.cfm?name=busroute
http://gis.pima.gov/data/contents/metadet.cfm?name=handibnd
http://gis.pima.gov/data/contents/metadet.cfm?name=handibnd
http://gis.pima.gov/data/contents/metadet.cfm?name=clsadopt
http://gis.pima.gov/data/contents/metadet.cfm?name=clsadopt
http://gis.pima.gov/data/contents/metadet.cfm?name=preserve
http://gis.pima.gov/data/contents/metadet.cfm?name=preserve
http://gis.pima.gov/data/contents/metadet.cfm?name=preserve
http://gis.pima.gov/data/contents/metadet.cfm?name=preserve
http://gis.pima.gov/data/contents/metadet.cfm?name=superfnd
http://gis.pima.gov/data/contents/metadet.cfm?name=superfnd
http://gis.pima.gov/data/contents/metadet.cfm?name=mine_act
http://gis.pima.gov/data/contents/metadet.cfm?name=mine_act
http://gis.pima.gov/data/contents/metadet.cfm?name=lu_cot93
http://gis.pima.gov/data/contents/metadet.cfm?name=lu_cot93
http://gis.pima.gov/data/contents/metadet.cfm?name=cpintens
http://gis.pima.gov/data/contents/metadet.cfm?name=cpintens
http://gis.pima.gov/data/contents/metadet.cfm?name=perm_mrg
http://gis.pima.gov/data/contents/metadet.cfm?name=perm_mrg
http://gis.pima.gov/data/contents/metadet.cfm?name=cen2kblt
http://gis.pima.gov/data/contents/metadet.cfm?name=cen2kblt
http://gis.pima.gov/data/contents/metadet.cfm?name=subdiv
http://gis.pima.gov/data/contents/metadet.cfm?name=subdiv
http://gis.pima.gov/data/contents/metadet.cfm?name=paregion
http://gis.pima.gov/data/contents/metadet.cfm?name=paregion
http://gis.pima.gov/data/contents/metadet.cfm?name=cotparc
http://gis.pima.gov/data/contents/metadet.cfm?name=cotparc
http://gis.pima.gov/data/contents/metadet.cfm?name=dev_plan
http://gis.pima.gov/data/contents/metadet.cfm?name=dev_plan
http://gis.pima.gov/data/contents/metadet.cfm?name=disthist
http://gis.pima.gov/data/contents/metadet.cfm?name=disthist
http://gis.pima.gov/data/contents/metadet.cfm?name=annex
http://gis.pima.gov/data/contents/metadet.cfm?name=annex
http://gis.pima.gov/data/contents/metadet.cfm?name=nha_city
http://gis.pima.gov/data/contents/metadet.cfm?name=nha_city
http://gis.pima.gov/data/contents/metadet.cfm?name=areaplan
http://gis.pima.gov/data/contents/metadet.cfm?name=areaplan
http://gis.pima.gov/data/contents/metadet.cfm?name=zone_all
http://gis.pima.gov/data/contents/metadet.cfm?name=zone_all

Table 5. Data used to estimate other landscape indicators that are of special importance to Saguaro National Park.
Data sources cross reference the indicators in Table 2 (continued).

Measure Source Data Years Resolution Reference
Land use & Zoning Age 2000 1:24,000 http://gis.pima.gov/data/contents/metadet.
(continued) cfm?name=cen2ksex
Education 2000 1:24,000 http://gis.pima.gov/data/contents/metadet.
cfm?name=cen2kedu
Schools 2011 Varies http://gis.pima.gov/data/contents/metadet.
cfm?name=schools
School districts 2007 Varies http://gis.pima.gov/data/contents/metadet.
cfm?name=schoolds
Elementary school 2011 Varies http:/gis.pima.gov/data/contents/metadet.
attendance zones cfm?name=schelem
Middle school attendance 2011 Varies http://gis.pima.gov/data/contents/metadet.
zones cfm?name=schmid
High school attendance 2011 Varies http:/gis.pima.gov/data/contents/metadet.
zones cfm?name=schhigh
School children 2005, 2040 Varies http://www.pagnet.org/RegionalData/
Maps/MapsandGISDownloads/tabid/902/
Default.aspx
Household size 2000 1:24,000 http://gis.pima.gov/data/contents/metadet.
cfm?name=cen2kten
Monthly owner costs 2000 1:24,000 http://gis.pima.gov/data/contents/metadet.
cfm?name=cen2khhi
Monthly renter costs 2000 1:24,000 http://gis.pima.gov/data/contents/metadet.
cfm?name=cen2krnt
Poverty (families) 2000 1:24,000 http:/gis.pima.gov/data/contents/metadet.
cfm?name=cen2kpov
Employment 2000 1:24,000 http:/gis.pima.gov/data/contents/metadet.
cfm?name=cen2kemp
Employment 2005, 2040 Varies http://www.pagnet.org/RegionalData/
Maps/MapsandGISDownloads/tabid/902/
Default.aspx
Income 1999 1:24,000 http://gis.pima.gov/data/contents/metadet.
cfm?name=cen2kinc
Income 2005, 2040 Varies http://www.pagnet.org/RegionalData/
Maps/MapsandGISDownloads/tabid/902/
Default.aspx
Structure value 2000 1:24,000 http://gis.pima.gov/data/contents/metadet.
cfm?name=cen2kval
Popular attractions 2003 Varies http://gis.pima.gov/data/contents/metadet.
cfm?name=popsites
Modern cultural 2011 Varies http://gis.pima.gov/data/contents/metadet.

attractions

cfm?name=modcult
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http://gis.pima.gov/data/contents/metadet.cfm?name=cen2ksex
http://gis.pima.gov/data/contents/metadet.cfm?name=cen2ksex
http://gis.pima.gov/data/contents/metadet.cfm?name=cen2kedu
http://gis.pima.gov/data/contents/metadet.cfm?name=cen2kedu
http://gis.pima.gov/data/contents/metadet.cfm?name=schools
http://gis.pima.gov/data/contents/metadet.cfm?name=schools
http://gis.pima.gov/data/contents/metadet.cfm?name=schoolds
http://gis.pima.gov/data/contents/metadet.cfm?name=schoolds
http://gis.pima.gov/data/contents/metadet.cfm?name=schelem
http://gis.pima.gov/data/contents/metadet.cfm?name=schelem
http://gis.pima.gov/data/contents/metadet.cfm?name=schmid
http://gis.pima.gov/data/contents/metadet.cfm?name=schmid
http://gis.pima.gov/data/contents/metadet.cfm?name=schhigh
http://gis.pima.gov/data/contents/metadet.cfm?name=schhigh
http://www.pagnet.org/RegionalData/Maps/MapsandGISDownloads/tabid/902/Default.aspx
http://www.pagnet.org/RegionalData/Maps/MapsandGISDownloads/tabid/902/Default.aspx
http://www.pagnet.org/RegionalData/Maps/MapsandGISDownloads/tabid/902/Default.aspx
http://gis.pima.gov/data/contents/metadet.cfm?name=cen2kten
http://gis.pima.gov/data/contents/metadet.cfm?name=cen2kten
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Several details related to data and data pro-
cessing merit explicit mention:

e Bioclimatic variables were generated
from monthly minimum temperature,
maximum temperature, and precipita-
tion using an ARC/INFO AML.: http://
www.worldclim.org/bioclim-aml.

e Lightning flash rate data required exten-
sive processing to translate the data from
HDF to ArcGIS rasters with a proper
spatial reference. Our processed outputs
are available upon written request.

e The Cinzano model of nighttime light
pollution was also missing a proper spa-
tial reference. Our processed/corrected
version is available upon written request.

e The distributions of vulnerable species
(in Pima County) derive from expert-
driven habitat models. As such they do
not necessarily represent species’ true
distributions, but rather their poten-
tial distributions, where “potential” is
qualitatively ranked in a relative sense
according to ‘high’, ‘medium’, and ‘low’
(attribute field = ‘POTENTIAL’).

e A few measure categories have NPScape
indicators that are estimated using non-
NPScape data. These include land cover,
ownership and protected area, popula-
tion, housing, and roads. In these situ-
ations, NPScape methods were used to
analyze the data and compute the land-

scape indicators: http://science.nature.
nps.gov/im/monitor/npscape/methods.
cfm. The methods (SOPs and ArcGIS
toolboxes) are designed to replicate
indicator calculations using other source
datasets (i.e., beyond those provided by
NPScape).

2.3.3 AOA Data

The AOA data sources are summarized in
Table 6. All AOAs except FireScape originate,
or are at least provided by, NPScape and the
Inventory and Monitoring Division.

Although described in the AOA references
(Table 6), a few important details of AOA
data merit explicit mention in this report:

e AOAs based on buffers of park boundar-
ies (RMD plus 3 km buffer, TMD plus
3 km buffer, TMD and RMD combined
with a 30 km buffer) were derived using
park boundaries obtained from the Land
Resources Division, with updates and
modifications described in National
Park Service (2011c).

e The FireScape planning region AOA
was obtained following written request
through the project website (http://www.
azfirescape.org/; date obtained: Septem-
ber 2010).

e NPScape upstream watersheds are
calculated using flowline data mapped
at 1:24,000, and flow accumulation and
direction rasters at 30 m.

Table 6. Data for AOAs considered in this report. Data sources cross reference the AOAs in Table 3.

AOA Source Data Years Resolution Reference

Park NPScape 2011 Varies National Park Service 2011c
Park + 3 km buffer NPScape 2011 Varies National Park Service 2011c
Upstream watersheds NPScape 2011 1:24,000, 30 m  National Park Service 2011d
Park + 30 km buffer ~ NPScape 2011 Varies National Park Service 2011c
FireScape FireScape 2010 Varies http://www.azfirescape.org/
Viewsheds Inventory and Monitoring 2011 30m See text, below

Division
Ecoregions (Level Il) Commission for 2011 Varies National Park Service 2011e

Environmental Cooperation
and NPScape
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http://science.nature.nps.gov/im/monitor/npscape/methods.cfm
http://science.nature.nps.gov/im/monitor/npscape/methods.cfm

Composite viewshed AOAs are new and
currently unpublished (Peter Budde and
Kirk Sherrill, personal communication)
but can be made available upon written
request. We summarize the methods
here.

m By way of introduction to under-
standing viewshed AOAs, traditional
viewshed analysis evaluates the vis-
ibility of locations in a binary man-
ner (i.e., visible or not visible) across
a defined study area of interest from
a single defined observation point. A
study area of interest is the area for
which the viewshed analysis is being
performed. A sample point is the
location from which the viewshed
analysis is being performed, and in
this context should be considered
as the location of key observation
points within each district (TMD
and RMD). For purposes of com-
puting viewshed AOAs, Saguaro
National Park provided key obser-
vation points within each district
(Bob Love and Becky MacEwen,
personal communication). These
were further categorized into three
sets that reflect different major types
of park use: road observation points
for mostly day visitors, front country
observation points from along trails
used for day hikes, and back coun-
try observation points from along
trails used for mostly overnight hikes
(RMD only).

m  We performed the viewshed analy-
ses using the ArcGIS viewshed tool
(Spatial Analyst required). Binary
viewsheds were initially produced
for each key observation point; these
were subsequently combined to
create ‘composite’ viewsheds (de-
scribed below). Each binary views-
hed analysis required the location of
the key observation point and a digi-
tal elevation model as data inputs.
The analyses assumed that observers
were at ground level (1 m), visibil-
ity did not decay significantly with
distance (e.g., due to low air quality),

and viewsheds were not significantly
impacted by non-topographic fea-
tures like vegetation structure.

m A composite viewshed is the visibil-
ity of multiple viewsheds combined
into one viewshed. A visible value in
a composite viewshed implies that —
across all the combined viewsheds
and corresponding sample points
—the area is visible from at least one
key observation point. Composite
viewsheds are a quick way to syn-
thesize multiple viewsheds into one
singular viewshed, thus giving a cur-
sory overview of the potential visual
resource effect development across
all of the sample points (and cor-
responding viewsheds) might have.
To produce composite viewsheds for
each district, we simply summed the
binary viewsheds by park use (i.e.,
based on road points, front country
points, and in the case of RMD -
back country points).

All maps in the Map Appendix and new
analyses in the Results and Discussion
section were baseed on data in the USA
Contiguous Albers Equal Area Conic
(USGS version) projection, NAD83
datum.

Map classes of continuously distributed
vector data were established using natu-
ral breaks (Jenks).

Except where noted in map legends,
continuously distributed gridded data
were symbolized with minimum, maxi-
mum, and mean values calculated ac-
cording to map (not data) extent.
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Photo 8. Most precipitation tends to fall in late summer with monsoonal rains. Summer storm over Sabino Canyon, viewed from the Rincons,
with Tucson in the distance. Photo by Jim Malusa, courtesy of FireScape.

Photo 9. On rare occasions, snow falls on the desert floor of
Saguaro National Park. Photo by Joshua Boles (NPS photo archive).



3. Results and Discussion
3.1 Natural Systems

3.1.1 Climate

Climate is a major driver of the distribution
of biodiversity at broad, ecoregional scales.
Because Saguaro is located on the boundary
between the Sonoran Desert and Madrean
Archipelago ecoregions, climate variables
tend to exhibit steep transitions or gradients
between the two districts. For example,
these climate transitions are evident for
minimum temperature of the coldest month
(Map 5), maximum temperature of the
warmest month (Map 6), and annual pre-
cipitation (Map 7). Average temperature and
preciptation in each unit is shown in Figure
8. Comparing these numbers, it is apparent
that TMD is approximately 3°C warmer and
200 mm drier than RMD. Park-level spatial
variation is shown for minimum temperature
of the coldest month (Map 8), maximum
temperature of the warmest month (Map 9),
and annual precipitation (Map 10).

At ecoregional scales, Saguaro experi-

ences low temperature (Map 11) and high
precipitation (Map 12) seasonality. At the
park-level, the two units differ most in terms
of temperature seasonality (Maps 13 [tem-
perature seasonality]and 14 [precipitation
seasonality]). In TMD and RMD, monthly
minimum temperature, maximum tempera-
ture, and precipitation are highly correlated
(Figure 9). Climatic variation is greater in
most months in RMD than in TMD. This is
explained in part by differences in size and
topograohic complexity between the two
districts. Compared to TMD, RMD is ap-
proximately 60% larger and also encompass-
es broader elevational gradients. RMD thus
encompasses greater among-pixel variation
in the measured climate paramaters.

Temperature and precipitation variables
have also experienced directional change
over the 30-year period from 1980 to 2010.
For areas in and around Saguaro, minimum
temperature of the coldest month has gener-
ally decreased (Map 15), while maximum
temperature of the warmest month has gen-
erally increased (except at high elevations in

RMD; Map 16). However, these patterns of
temperature change are considerably more
complex when considered over larger ecore-
gional extents (Maps 15 and 16). Meanwhile,
in the case of annual precipitation, both the
Sonoran Desert and Madrean Archipelago
ecoregions have become drier since the year
1980 (Map 17). Importantly, while these
trends are valid estimates based on the cli-
mate interpolations, the ecological relevance
of the trends remains unknown. Hence,
additional research would be required to
understand whether and how these recent
changes in climate have impacted resources

at Saguaro.
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3.1.2 Land Cover ecorogeion). In terms of the second and
The rapid climatic transitions between the third Anderson level I land cover ranks, the
Madrean Archipelago and Sonoran Desert Sonoran Desert is defined by barren (5.2%)
ecoregions create important differences in and agriculture (4.3%), and the Madrean

the distribution of certain land cover types. Archipelago is defined by grassland/herba-
Both ecoregions are dominated in an Ander-  ceous (17.5%) and forest (7.8%) (Figure 10).
son level I land cover classification scheme The high percentage of agriuculture in the
by shrub (comprising >70% of area in each Sonoran Desert is explained by the fact that
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this ecoregion extends west into southern
California (Map 4).

In the local area surrounding Saguaro
National Park, desert scrub is the dominant
land cover type (based on Anderson level

II; Map 18). The RMD Saguaro Wilderness
contains extensive amounts of forest that are
in relatively close geographic proximity to
other larger forested areas in the USFS Pusch
Ridge Wilderness (Map 18). Between 2001
and 2006, most land cover change resulted
in development (variable intensity; Map 19).
The expansion of the greater Tucson foot-
print over this period is evident by the ring
of red pixels in Map 19. Note that some of
this development was immediately adjacent
to TMD (northeast corner). In addition to
development, a significant amount of 2001
to 2006 land cover change resulted in shrub
in the Pusch Ridge Wilderness. This change
was due to the 2003 Aspen Fire. Compa-
rable changes in land cover are visible for
the Santa Cruz watershed over the period of

-

Photo 10. Desert scrub is the dominant land cover type throughout the Sonoran
Desert and Madrean Archipelago ecoregions. Photo by Joshua Boles (NPS photo

archive).

1979 to 2009 (by decade) in Maps 20 (1979),
21 (1989), 22 (1999), and 23 (2009). This
time series is especially useful for visualizing
the expansion of the greater Tucson area.
An alternative 2008 land cover classification
based on hydrologic biomes is provided in
Map 24. The FireScape land cover (ecologi-
cal units) map is shown in Figure 11.

Sonoran Desert

Madrean Archipelago
Area (%) Area (%)

2 3 4 5 0 5 10 15
| | | J | | | ]

Open Water

Developed

Barren/Quarries/Transitional

Forest

Grassland/Herbaceous

Agriculture

Wetlands

Figure 10. Anderson level
| land cover area (%) by
ecoregion, excluding the
dominant category of
shrub, which comprises
87% of the Sonoran
Desert and 73% of the
Madrean Archipelago.
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Figure 11. Ecological
units for the Catalina-
Rincon FireScape
planning region. Map
obtained from http://
www.azfirescape.org/
content/catalina-rincon-
analysis-area-maps.
Northern portions of
RMD are located due east
of the Tucson label on
the map (see Figure 22).

SR ! X

=3 Analysis Area

Ecological Units

[ Chihuahuan desert on fans, terraces and weakly consolidated pediments with limy soils

I chinuahuan desert on hills and mountians derived from limestone and associated rocks

I chinuahuan desert on old eroded lakebed and river terraces with saline and gypsum rich soils
I D50k transition on hills and mountains derived primarily from sedimentary and volcanic rocks
I Desert-oak transition on mountains derived from granite, gneiss, and similar rocks

[ Madrean on hills and outcrops

I Madrean pine-oak forestiwoodland on mountains derived from granite, gneiss, and similar rocks

I Viadrean pine-oak forestiwoodland on mountains derived mostly from metasedimentary rocks
I Mesquite grasslands and oak savannas on low granitic hills and plains
I vesquite rassiands on desply dissected clayey fans

- fans and from old alluvium
[0 vesa fans and fluenced by granite o granite-lie rocks
] Mesquite grasslands on fans, terraces, and weakly consolidated pediments of various parent materials

Mesquite grasslands on pediments influenced by granite o granite-like rocks

| ] lands on hills and mountains of lithok

I vixed conifer forest on mountains derived from granite, gneiss, and similar rocks

[ Mixed conifer forest on mostly from rocks

[ Moderate gradient river channel and terraces

[ Mountain mahogany on hills and mountains derived from limestone, marble, and assoicated rocks

[ oakspinyonijuniper woodiand and grassland on mountains influenced by limestone and associated rocks
I oatspinyonijuniper woodiand on fans and pediments derived from old alluvium and sedimentary rocks
I o hills and from granite, gneiss, and similar rocks

o hills and mixed lithology
B Ponderosa pine forest on hills and mountains derived from granite, gneiss, and similar rocks

I Upper Sonoran desert on fans and terraces associated with granite and granite-like rocks
I Upper Sonoran desert on fans, terraces and weakly consolidated pediments with limy soils.
[ Upper Sonoran desert on hills and mountains derived from granite, gneiss, and similar rocks
I Upper Sonoran desert on hills and mountains derived from sedimentary and volcanic rocks
[ Upper Sonoran desert on limestone dominated hills and mountains.

] Upper Sonoran desert on pediments derived from granite, gneiss, and similar rocks
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3.1.3 Hydrography & Connectivity
Water is a major driver of natural processes
in Saguaro National Park. In addition,
wildlife movements are facilitated by sur-
face hydrography, in part because water is a
key limiting resource for many species, and
also because seasonal surface flows prevent
extensive human modification of wash habi-
tats. This connectivity is important at three
major scales: within each district (TMD and
RMD), between the two districts, and be-
tween the Park and surrounding lands.

Within each district, connectivity of habitats
may be evaluated based on important eco-
logical characteristics of the wash networks
and upstream watersheds (Maps 25 [RMD]
and 26 [TMD)]). The size and extent of the
features, spring regularity and density, and
seasonality of surface water flows are all im-
portant. For example, a recession of surface
flow in a wash network may cause certain
species to track water elevationally through-
out the year. Springs may also influence the
seasonal movements of species, and park
upstream watersheds identify topographical-
ly distinct areas within which some species
preferentially move. In addition to perhaps
influencing opportunities for native species
to move within each district, wash networks
and upstream watersheds may also facilitate
the spread of invasives.

Connectivity between TMD and RMD is
similarly facilitated by the distribution of
wash networks and major drainage basins
(Maps 27 [wash networks] and 28 [drain-
age basins], Figure 12). For certain aquatic
species, flood control structures (e.g.,
impoundments) in intervening areas pose
distinct obstacles to movement. Neverthe-
less, the importance of major wash networks
for connecting TMD and RMD is especially
apparent when considered in relation to

the amount and intensity of developed

land cover in the greater Tucson area (Map
29). From this map it is evident how major
washes provide corridors that are largely
natural, especially when considered in rela-
tion to the surrounding suburban and urban
areas. While these washes are not universally
acceptable to wildlife, they are known to be
used by certain urban adaptable species like

Photo 11. Looking downstream on Big Wash towards the Tangerine Road
Bridge, with SR-77 and the Santa Catalina Mountains. Washes provide impor-
tant corridors for certain species, and in situations like this allow them to pass
under roads. Photo from Bier et al. 2006a.

coyote, and even some vulnerable species
(see Section 3.1.7, and associated maps). Be-
yond the washes, connectivity between TMD
and RMD is facilitated by a combination of
other protected areas, key wildlife corridors,
and urban-wild interface (Maps 29 and 30,
Figure 13). Combined, these features create a
ring of potential habitat encircling Tucson.

Connectivity between the Park and broader
landscapes is important for species that tend
to move more at ecoregional scales (e.g.,
birds, ungulates). According to a recently
developed measure of structural connectivity
for the contiguous US (Theobald et al. 2012,
Map 31), RMD contains 3 to 4 areas that are
of ‘medium-high’ importance for maintain-
ing national-level connectivity. TMD con-
tains fewer areas that are lower ranked (‘low-
medium’ importance), but these areas join in
close proximity other areas of considerably
higher rank (Map 31). In and around both
districts, connectivity is especially oriented
on a north-south axis that extends down
into Mexico (Map 31). Although the connec-
tivity analysis does not extend south of the
US-Mexico border, connectivity for certain
species may be evaluated by considering

the distributions of major land cover types
and other protected areas (Map 32). These
analyses would also need to consider the US-
Mexico border fence (Flesch et al. 2010).
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Figure 12. Map of
B o Shallow Groundwater Areas

eastern Pima County,

obtaine from htp:/gis Eastern Pima County

pima.gov/. October 2008
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Figure 13. Map of urban-
rural-wildlife interface,
obtained from the

7
Pima Association of
Urban - Rural Boundary Governments (http://
. | www.pagnet.org/
Transportation Management Area $5R00¢, | RegionalData/Maps/
T G PINAL COUNTY MapsandGISDownloads/
s 7 PIMA COUNTY tabid/902/Default.aspx).
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3.1.4 Landscape Pattern

Another consideration of connectivity
relates to landscape pattern computed using
the area density of major land cover types.
According to Anderson level I (Figure 10),
both forest and grassland habitats are more
common in the Madrean Archipelago than
they are in the Sonoran Desert. Nevertheless,
both cover types provide important habitat

for dependent species where they occur. Re-
lated, how intact these habitats are at differ-
ent spatial scales provides useful insights into
the ability of patches to support minimum
viable populations. In this context a ‘patch’
may be envisioned as a spatially contiguous
stand of either forest or grassland, measured
at a particular spatial resolution.
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Figure 14. Area density
of forest (top) and grass-
land (bottom) land cover
types in the Sonoran
Desert (left) and Madre-
an Archipelago (right)
ecogenions encompass-
ing Saguaro National
Park. Results report the
estimated ‘patchiness’
of each land cover type
when evaluated for dif-
ferent landscape sizes.

Summarizing area density for a wide range of
landscape sizes (up to c. 95 km?), it is appar-
ent that most forests in the Sonoran Desert
are categorized as patchy to rare (Figure 14,
top left). These same two categories charac-
terize forests in the Madrean Archipelago,
but in this ecoregion a sizeable percent-

age of forests also rank as transitional and
dominant (Figure 14, top right). Very similar
patterns are seen with grasslands (Figure 14,
bottom row). In both instances, the pat-
terns may also be visualized and interpreted
in map form (forest: Maps 33-42 [window
size = 3.1 km?], 34 [7.6 km?], 35 [14.1 km?],
36 [45.6 km?], and 37 [95.1 km?]; grassland:
38 [3.1 km?], 39 [7.6 km?], 40 [14.1 km?], 41
[45.6 km?], and 42 [95.1 km?]).

Interpreting these results in the context
of wildlife and connectivity requires con-

sideration of the habitat dependencies of
particular species (e.g., the degree to which
they require either forests or grasslands) and
also their dispersal tendencies or home range
sizes. For example, in the Madrean Archi-
pelago, forest dependent species with home
range sizes that vary from small to large
include the Arizona gray squirrel, coati, and
black bear. Similarly, in Madrean Archipela-
go grasslands, focal species might include the
antelope jackrabbit, badger, and bobcat. Giv-
en knowledge of these approximate home
range sizes, plus an understanding of each
species’ dependency on a given habitat (e.g.,
intact vs. transitional), from the plots (Figure
14) one can gain a first approximation of the
overall amount of suitable habitat for focal
species, and from the maps (Maps 33-42) an
understanding of where those habitats exist
and how are they connected.
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3.1.5 Fire

Fire is a natural landscape disturbance that
can affect the area density of major land
cover types like forest and grassland. How-
ever, most of the lower elevation habitats in
Saguaro are not adapted to fire, but fire in
these areas is now increasingly common due
to invasion of buffelgrass, a perennial bunch-
grass from Africa. Buffelgrass crowds out na-
tive plants and increases the frequency and
intensity of fire by increasing fuel loads and

providing a continuous fuel source. Humans
are a primary source of fire ignition, espe-
cially at low elevations. Related, the FireS-
cape FlamMap shows predicted flame length
based on existing condition (Figure 15). The
land cover maps presented in Section 3.1.2
illustrate both current and historical changes
in developed area, or possible sources of
ignition, and Map 19 shows the footprints of
large fires that occurred between 2001 and
2006. In addition, the population, roads, and
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Figure 15. Estimated
flame length based

on current ecological
conditions in the
Catalina-Rincon FireScape
planning region. Map
obtained from http://
www.azfirescape.org/
content/catalina-rincon-
analysis-area-maps. RMD
is located due east of the
Tucson label on the map
(see Figure 22).
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Photo 12. Forest pattern on Heartbreak Ridge from Rincon Peak Trail. Photo by

Laura Bolyard (NPS photo archive).

housing maps presented in Section 3.2 (Hu-
man Drivers) are useful for evaluating poten-
tial anthropogenic sources of fire ignition.

Lighting is another source of fire ignition.
Detailed data on lightning strikes in the local
area surrounding Saguaro National Park are
available at https://www.nifc.blm.gov/cgi/
Lightning.cgi (password login required; not
obtained for inclusion in this report). Broad
landscape differences in annual flash rate

are also apparent at ecoregional scales (Map
43). Although these data are spatially coarse
(0.5 x 0.5 degrees), they nonetheless show
how RMD experiences much higher annual
flash rates than TMD. Furthermore, break-
ing the flash rates out by month, it is readily
apparent that monthly flash rates are
very low from September through
June (Map 44), increasing to modest
levels in July (Map 45), and at peak in
August (Map 46).

Once ignited, fire spreads via a mul-
titude of mechanisms, but one major
mechanism at landscape scales is
wind. Wind rose plots calculated from
data collected at weather reporting
stations are effective for visualizing
both diurnal and seasonal variation

in wind direction and magnitude. For
the Tucson reporting station (located
in between TMD and RMD), in the

AM hours most wind arrives from the south-
east at 5-12 knots, whereas in the PM hours
it arrives more from the northwest at speeds
that are often closer to 20 knots (Figure 16).
From these plots it is also apparent how
seasonal variation is more pronounced in the
PM as opposed to the AM hours (Figure 16).

3.1.6 Renewable Energy

Renewable energies are important drivers of
ecosystem processes, but in this report they
are important landscape indicators insofar as
they help Saguaro understand where future
changes in land use might occur. Potential
sources of renewable energy in the desert
southwest are wind (Maps 47 and 48), solar
(Map 49), and geothermal (Map 50). While it
is beyond the scope of this report to consider
plans for renewable energy development, the
landscape-level maps and information are
intended to help Saguaro understand future
energy developments in the context of exist-
ing natural systems, conservation context,
and other human drivers.

3.1.7 Vulnerable Species

Saguaro National Park provides potential
habitat to a number of vulnerable plant,
herp, bird, and mamml species in Pima
County (Maps 51-83). While the species
considered in these maps (Table 2) are by no
mean exhaustive, collectively they provide
a reasonable representation of the basic op-
portunities and challenges associated with
conserving or protecteing vulnerable bio-
diversity at landscape scales. For example,
major areas of connectivity highlighted

Photo 13. Bell’s Vireo (Vireo bellii) utilizes riparian
habitats. Photo from http://education.eol.org/field-

guide?guidekey=4&eol id=1051455 (Creative Commons).
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in Section 3.1.3 are recapitulated in these
maps of potential habitat, inlcuding the ring
of connectivity to the north and south of
Tucson (e.g., ground snake, Map 65) and also
the major washes traversing the city (e.g.,
giant spotted whiptail, Map 64; Mexican
garter snake, Map 66; Bell’s vireo, Map 69).
However, as especially evident in the case of
aquatic species (e.g., Huachuca water umbel,
Map 54), populations may also be either
separated or fragmented by major human
drivers of landscape change. Several of these
are evident by comparing the vulnerable
species maps to the land cover maps (Section
3.1.2), and also to the maps presenetd in Sec-
tion 3.2 (Human Drivers).

3.2 Human Drivers

3.2.1 Population

A long term view of population for the four
counties near Saguaro National Park (Pima,
Pinal, Graham, and Cochise counties) shows
the population booms that started in the

late 19th and early 20th Centuries (Map 84).
Growth was most pronounced in Pima Co.,
followed by Pinal Co., Cochise Co., and Gra-
ham Co. Future population growth is also
expected in all four counties, especially in
Pinal Co., where — relative to a 2000 baseline
- a quadrupling of population is expected by
the year 2030 (Map 84). In Pima Co., future
growth is expected to be less, but still close
to a doubling (relative to 2000) by 2030 (Map
84). At a more local level, evaluated from
2005 to 2040, these future increases are ex-
pected to occur in census blocks to the north
and south of Tucson, along the I-10, I-19,
and Highway 77 corridors (Maps 85 [2005]
and 86 [2040]). This general growth pattern
is already evident in recent decades based on
actual census observations (1990, 2000, and
2010), both in terms of total poppulation
(Maps 87 [1990], 88 [2000], and 89 [2010]),
and in terms of population density (Maps 90
[1990], 91 [2000], and 92 [2010]).

3.2.2 Housing

Housing has increased dramatically around
Saguaro National Park over the past several
decades, and projections suggest that it will
continue to increase through the 21st Cen-

tury. A simple comparison of the number

Photo 14. Tucson and surrounding communities have experienced rapid
human population growth, and projections suggest that these trends will
continue through at least 2030. Photo from http://www.wanttoteach.com/
TucsonUnifiedSchools.html.

of housing units between the year 2005 and
projected to the year 2040 is evidence of this
trend (Maps 93 [2005] and 94 [2040]). These
maps show that future growth is largerly
expected around the periphery of Tucson.
Historical increases in housing density are
also apparent since the year 1970 (Maps 95
[1970], 96 [1980], 97 [1990], and 98 [2000]),
and again projections suggest that densities
will continue to incease dramatically through
the year 2100 (Maps 99 [2010], 100 [2020],
101 [2030], 102 [2040], 103 [2050], 104
[2060], 105 [2070], 106 [2080], 107 [2090],
and 108 [2100]). While future increases in
housing are largely expected to occur within
areas that are already developed (due to zon-
ing, see Section 3.3), these density increases
within an existing development foortprint
can nonetheles have profound ecological
consequences for park resources. In particu-
lar, the continued development of com-
munities around Saguaro will undoubtedly
increase the potential for pet-wildlife inter-
actions, and noise and light pollution from
these communities will increasingly threaten
the wilderness character of the Park.

In addition to the maps, it is also useful to in-
terpret housing density patterns across mul-
tiple AOAs (Figure 17). For example, from
the plots it is apparent that — in the year 2100
— areas within 3 km of TMD are expected

to be covered by approximately 70% more
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B 20+ kt [ 5-12kt B o-5kt

Figure 16. NOAA wind rose statistical summaries (1973-2004) of wind speed vs. wind direction for the Tucson reporting station. Results are shown by month (columns 1 -12) and annually (column 13) for AM hours (11 AM - 11 PM; top row), PM hours (1 PM - 8 PM;
middle row), and both AM and PM combined (bottom row). Colored bars indicate the speed and direction from which the wind is reaching the station. For example, in the month of January during the AM hours, most wind arrives from the southeast at 5-12 kt
(knots; 1 kt = 0.514 m/s or 1.51 mi/hr). Wind rose plots obtained from http://www.wrh.noaa.gov/twc/aviation/windrose TUS.php.
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suburban and urban housing development
(>146 units/km?) than areas occrring within
3 km of RMD (Figure 17, top row). Increases
in housing density around TMD are also
seen to be more transitional, as evident by
the density peaks shifting sequentially by
decade to higher density classes (Figure 17,
top left). Meanwhile, around RMD, growth
is much more punctuated, with increases
jumping decadally across density classes
that broadly capture rural, exurban, sub-
urban, and urban development (Figure 17,
top right). At present (year 2010), housing
within 3 km of TMD is almost entirely char-
acterized as exburban (50-145 units/ km?),
whereas within 3 km of RMD it is character-
ized by a mix of rural (4-6 units/ km?) and -
to a lesser extent — exburban (Figure 17, top
row).

At slightly larger spatial scales (Park plus 30
km buffer and the Firescape AOAs), hous-
ing density is characterized on average as
exurban (Figure 17, bottom row). This char-
acterization for Saguaro National Park has
also been reported in other studies (Davis

& Hansen 2011), and it reflects the fact that
development in the greater Tucson area has
expanded dramatically over the past several
decades, but the Park is still surounded on
certain sides by undeveloped (protected) ar-
eas. As densities continue to increase under
existing zoning, Saguaro will soon be con-
sidered a suburban park. According to the
housing trajectories presented in Figure 17,
and as further eveident from the maps (Maps
95-108), we can expect this transition from
exurban to suburban to occur in under three
decades (by the year 2040).

Figure 17. Housing den-
sity (number of units
per km?) computed for
14 decades (1970-2100)
and four AOAs: TMD +
3 km buffer (top left),
RMD + 3 km buffer (top
right), Park + 30 km buf-
fer (bottom left), and ‘
the FireScape planning I
region (bottom right).
Density classes may also
be categorized into the
following: rural (private
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3.2.3 Roads

The road transportation network around
Saguaro is extensive due to recent growth

of Tucson and surrounding communities
(Map 109). Road density [measured as the
total road length (km) per unit of area of
landscape (km?)] is a useful indicator for
understanding road effects on terrestrial ver-
tebrates, vegetation, and aquatic resources
(Forman & Alexander 1998). In addition

to road density, distance to nearest road
(measured in meters, Euclidean distance) is
another landscape indicator that is useful for
understanding the direct (e.g., road kill) vs.
indirect (e.g., road avoidance due to noise)
effects of roads (Monahan et al. 2012b).
While the critical ecological thresholds for
these indicators as they relate to Saguaro
resources are unknown (determining these
thresholds requires further research),
insights may be gained by contrasting road
density and distance to nearest road for mul-
tiple ecologically informative AOAs.

Road density around Saguaro is dominated
by the transportation networks connecting
Tucson and surrounding communities, but
anumber of other roads in and around the
Park create densities that are informative

for understanding wildlife movements and
the potential for human-dispersed invasives
to establish and spread. For example, TMD
contains a number of roads that result in at
least some measure of road density through-
out most areas of the district (Map 110).
Towards the north, TMD is bisected by Pic-
ture Rock Road, which due to relatively high
traffic volume is also high in terms of weight-
ed road density (approximately 3 km/km?).
While RMD does not have these same issues
with road density within park boundaries,
road densities do affect potential connectiv-
ity between RMD and the USFS Pusch Ridge
Wilderness to the north and west (Map 110).

The map of road density is useful for evalu-
ating possible road effects on park resources
at relatively fine spatial scales. However, it

is also useful to be able to summarize and
contrast road densities among ecologically
informative AOAs (Figure 18). For example,
from the summary plots it is readily apparent
that road density occurring within 3 km of

" ; | = i i .,
Photo 15. Picture Rocks Road is a major road that bisects Tucson Mountain
District. Photo from http://www.arizonaroadbikerides.com/picture-rocks-bike-
ride-tucson-arizona/.

Saguaro is approximately 3x higher for the
TMD compared to the RMD (Figure 18, top
row). Within 30 km of the park, road densi-
ties are lower due to the proximity of other
protected areas (primarily USFS lands), but
are still rather high due to the greater Tucson
transportation network (Figure 18, bottom
left). Importantly, the movements of many
species of wildlife tend to be adequately
described by this AOA, and in the case

of Saguaro it is also the scale that physi-

cally connects the two districts of the Park.
Hence, road densities within the 30 km AOA
are especially informative for understanding
the overall impediment posed by roads to
TMD-RMD connectivity. Finally, road den-
sity within the FireScape planning region is
very comparable to that for RMD (Figure 18,
bottom right), but it is slightly elevated due
to high road density areas occurring between
RMD and the USFS Pusch Ridge Wilder-
ness along the southwestern boundary of the
FireScape AOA.

The effects of roads on Saguaro resources
may also be interpreted in the context of
distance to or from nearest road (Map 111).
Distance to nearest road is an especially rel-
evant metric for considerations of wilderness
character because it may be used to identify
large patches of roadless areas whose interi-
ors are far removed from road effects. Many
of these road effects are caused by traffic
volume, which has increased dramatically
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Figure 18. Road density
(length of road in km
divided by the size of the
AOA in km?) computed
for three density classes
(major roads, all roads,
and all roads weighted)
and four AOAs: TMD + 3
km buffer (top left), RMD
+ 3 km buffer (top right),
Park + 30 km buffer (bot-
tom left), and the Fir-
eScape planning region
(bottom right). Major
roads include interstates
and highways. All roads
include interstates, high-
ways, and all streets.
Weighted roads is com-
puted from all roads by
multiplying interstates by
a factor of 10 and high-
ways by a factor of 3.

. ¥

. -
Photo 16. Tucson at night. Photo from_http://wwwv.flickr.com/photos/
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jaydavisconsulting/4428766364/ (Creative Commons).

Night is an important part of the diurnal
cycle for all species, irrespective of when in
the day they are acvtive. For example, under
the same cover of night, noctural species
hunt while diurnal species rest, and in both
instances their ability to maintain a primar-
ily ‘natural’ state is dependent in part on the
degree to which anthropogenic activities like
light pollution impair dark night skies. In ad-
dition, around Saguaro National Park, dark
night skies are needed for astronomy (e.g.,
visible spectrum) and preserving wilderness
character in the Saguaro and Pusch Ridge
Wilderness areas. Nighttime light pollution
is an important human driver for Saguaro
insofar as it helps the Park understand the
potential effects of humans and development
on resources that are critically dependent on
night.
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1970

VOLUMES

Two primary ways of measuring night skies
and nighttime light pollution are through
direct observation and through models. In
addition, night skies may be measured from
either the ground-up or sky-down. The dif-
ferent methods of measurement are gener-
ally designed to answer different questions
that are considerably more technical than the
broad, landscape-level questions considered
here. Nevertheless, because a distinct advan-
tage of this report is that it presents a wide
variety of landscape indicators and maps in a
standardized (and thus comparable) frame-
work, we include examples of each night sky
metric so that they may be evaluated relative
to other maps and indicators.

Sky-down measurements based on direct
observation are available for multiple years,
encompassing the range reported here for
1997 (Map 116) and 2009 (Map 117). From
these maps it is apparent that 2009 had more
area associated with high visibility of night-
time lights. While some of this change is

undoubtedly attributable to the increase in
human development that occurred over the
same time period, note that the observations
are not strictly comparable because different
sensors were used to record the two datas-
ets. Maps 116 and 117 provide useful direct
observations of nighttime lights, but they

do not take into account atmospheric scat-
tering, or light pollution propegation. This

is shown in an empircal sky-down model
(Map 118), which when compared to direct
observations (Maps 116 and 117) illustrates
the potentially important effects of atmo-
spheric scattering on dark night skies. Lastly,
Map 119 shows ground-up observations

of night skies in relation to Pima County
lighting area codes. Limiting magnitude,

as reported in Map 119, is a term used to
describe the brightness of an object, where 1
is most bright and 7 is most dark. A general
pattern evident in Map 119 is that limit-

ing magnitudes tend to be smaller in more
developed areas (e.g., areas with high night-
time light visibility in Maps 116 and 117). Of
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Figure 19. Traffic volume
in and around Tucson in
the year 1970. Significant
traffic counts are
symbolized by the black
lines, where in the main
map thinnest = 1,000
two-way weekday traffic
count, mid = 20,000 two-
way weekday traffic
count, and thickest

= 40,000 two-way
weekday traffic count.
Map obtained from the
Pima Associations of
Governments (http://
www.pagnet.org/
RegionalData/Maps/
MapsandGISDownloads/
tabid/902/Default.aspx).
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Figure 20. Traffic volume
in and around Tucson in
the year 2010. Significant
traffic counts are
symbolized by the black
lines, where in the main
map thinnest = 1,000
two-way weekday traffic
count, mid = 86,000 two-
way weekday traffic
count, and thickest

= 172,000 two-way
weekday traffic count.
Map obtained from the
Pima Associations of
Governments (http://
www.pagnet.org/
RegionalData/Maps/
MapsandGISDownloads/
tabid/902/Default.aspx).
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course, these areas also have more observa-
tions, meaning that the spatial distribution of
limiting magnitudes may be no different than
random expectations (i.e., once sampling
differences are accounted for). However, the
Saguaro BioBlitz — conducted October 21-22,
2011 —recently collected new measurements
of limiting magnitude in a standardized fash-
ion (Figure 21). Figure 21 confirms that night
skies are consistenly darker througout the
Park (achieving a maximum limiting magni-
tude of 7 at Happy Valley Saddle in the RMD
—thousands of stars visible), compared to
downtown Tucson (limiting magnitude of 2 —
fewer than 50 stars visible).

3.3 Conservation Context

3.3.1 Conservation Status

The conservation status of lands in the local
area surrounding Saguaro National Park
may be generally assessed in terms of use,
ownership, and level of protection. In terms
of broad use categories, the Conservation
Lands System provides basic insights into the
how the lands in Pima County are grouped
according to the Sonoran Desert Conserva-
tion Plan (Map 120). Major owners of con-
servation lands in the local Park area include
USFS, BOR, and BLM (Map 121), and in the
FireScape planning region major owners in-
clude USFS, State lands, and Saguaro (NPS)
(Figure 22). Ownership is also summarized
in Figure 23. These lands receive varying lev-
els of protection, with the TMD, RMD, and
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other Wildernesses (e.g., USFS Pusch Ridge)
providing important anchors to the broader
network of protected areas encircling Tuc-
son (Map 122). As discussed in Section 3.1.3,
this protected area network is important

to habitat connectivity, especially between
TMD and RMD, and also between the Park
and surrounding landscape. Protected areas,
as defined in this report by lands having a
GAP status code of 1 or 2 (see Section 2.3.1
for definitions), are further summarized in
Figure 24.

3.3.2 Transportation

Roads were considered in Section 3.2.3 as

a human driver of landscape change. While
roads in and around Saguaro National Park
do pose distinct challenges to natural re-
source conservation, they also facilitate park
visitation and are important in a conserva-
tion context, especially when considered

as part of a larger transportation network
(Map 112). The two districts of Saguaro

are also well connected to one another and
the greater Tucson area by a series of Pima
County trails and bike routes (Map 113,
Figures 25 and 26). The existing bus network
and park & ride locations reach within a few
miles of TMD and RMD (Map 114), but
from many of those end-points visitors may
still reach the Park through county trails and
bike routes. Handicap visitors may also reach

both districts through an unincorporated
RTA expanded HandiCar service (Map 115).
Accessibility as measured by motor vehicle
travel time is also shown with respect to the
University of Arizona (Figure 27).

3.3.3 Viewsheds

Both districts of Saguaro National Park serve

as headwaters for surrounding areas (see
hydrography maps in Section 3.1.3). Hence,
from many observation points throughout
the Park, the viewsheds are extensive and
encompass much of the greater Tucson area.
Viewsheds are important landscape indica-
tors for Saguaro because they inform our
understanding of the conservation context
of certain visual park resources like wilder-
ness character.

A total of 17 key observation points were
identified in the TMD, and another 19 in the
RMD. These were further categorized ac-
cording to major types of park access: roads,
front country (day hikes), and back country
(overnight hikes). The TMD included 7 road
points and 10 front country points; RMD in-
cluded 4 road points, 7 front country points,
and 8 back country points. The composite
viewsheds associated with these different
sets of key observation points are shown in
Maps 123-127.

Figure 21. Map of a night
sky inventory recorded
during the recent
Saguaro BioBlitz. Map
provided by Constance
Walker, courtesey of
Mark Newhouse and
Dave Bell (National
Optical Astronomy
Observatory, NOAO).
Colored points symbolize
limiting magnitudes,
where yellow = 1 (most
bright) and dark red = 7
(most dark).
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Figure 23. Area managed
by major landowners,
expressed as a
percentage of each AOA:
Park + 30 km buffer

(top left), FireScape

(top right), Sonoran
Desert (bottom left), and
Madrean Archipelago
(bottom right).
Ownership data provided
by NPScape, obtained
originally from PAD-US.
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Figure 24. Protected
areas by AOA: Park +

30 km buffer, FireScape, 20 S
Sonoran Desert, and <E
Madrean Archipelago. =3
Percentage of protected — ©
area (left) and mean size X 157 g
of protected area (right). © Fe)
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marized in the figure are = 2L
defined by GAP status % 10 7 2
codes 1 and 2 (see Sec- Q iy
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Figure 25. Northern
portions of the eastern
Pima County trail system
master plan. Trails are in-
dicated by the colored/la-
beled polylines. Map ob-
tained from http://www.
pima.gov/nrpr/geninfo/
masterplan.htm.
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Figure 26. Southern
portions of the eastern
Pima County trail system
master plan. Trails are
indicated by the colored/
labeled polylines. Map
obtained from http://
www.pima.gov/nrpr/

geninfo/masterplan.htm.

In TMD, more areas surrounding the district
are visible from front country points than
they are from points along roads (Maps 123
[roads] and 124 [front country]). In addi-
tion, more areas of Tucson are visible from
front country points, and RMD is only
visible from points along roads. Meanwhile,
in RMD, the viewshewds become larger as
one moves between road, front country,
and back country points (Maps 125 [roads],
126 [front country], and 127 [back coun-
try]). This pattern is largely explained by the
observation that the three sets of points are
distributed along an elevtaional gradient.
Viewsheds from RMD roads and front coun-
try points are most similar, and only from
back country points are areas to the north
and east visible. Practically the entire greater
Tucson area is visible from at least one road,
front country, and back country point in

the RMD, and in all three classes observers
are only able to see the eastern slopes of the
TMD.

These inferences about TMD and RMD
viewsheds are based on models that make a
number of assumptions about the accuracy
of the input data, topography, and observer
characteristics. As such they provide hypoth-

eses that may be tested in the field, and a use-
ful extension of this viewshed work would
be to validate or ground-truth the maps
using observer photographs taken from each
key observation point.

3.3.4 Land Use & Zoning

Current land use and zoning in Tucson and
surrounding communities can have major
lasting effects on the opportunities and chal-
lenges associated with managing park natural
resources. Even a simple comparison of land
use between 1993 (Map 128) and 2009 (Fig-
ure 28) shows how patterns have changed
around the periphery of Tucson, including
areas adjacent to the TMD and RMD. Areas
immediately adjacent to both districts are
presently defined by the comprehensive plan
as having land use intensities characterized
by resource transition, low intentity urban,
and both low and medium intensity rural
(Map 129). The peripheral growth or expan-
sion of Tucson outwards from the city center
and towards TMD, RMD, and the Coronado
National Forest is shown by the number of
new building permits issued (Map 130) and
the number of new structures built (Map
131). The proliferation of subdivisions in the
foothills north of Tucson is visible in Map
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Figure 27. Estimated
travel times from the
main University of
Arizona campus, near
the city center of Tucson
(top row), and the
University of Arizona
Tech Park, located to
the southwest of Tucson
(bottom). Travel times
are shown for the years
2008 (left column) and
2040 (right column).
Map obtained from the
Pima Association of
Governments (http://
www.pagnet.org/
RegionalData/Maps/
MapsandGISDownloads/
tabid/902/Default.aspx).
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Figure 28. Existing land
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132. These areas are characterized by smaller
lot sizes (Map 133) and patches of new de-
velopment (Map 134). As further reference,
maps are provided for Tucson neighborhood
associations (Map 135), the Tucson area plan
(Map 136), and Pima County zoninng (Map
137).

3.3.5 Socioeconomics

Saguaro faces a number of questions con-
cerning how best to engage local communi-
ties in Tucson and surrounding areas. These
questions are non-trivial due in large part to
spatial variation in socioeconomics. The US
Census collects and compiles relevant socio-
economic data every decade. NPScape and
the NRSS Social Science Division analyze
and interpret these data as they are made
available. Unfortunately, due to time lags
associated with processing the latest Census
we were unable to incorporate the 2010 data
into this report, but such an update will be
possible as early as 2013. The results present-
ed in this section are mostly based on results
of the 2000 census, and where possible

both totals and densities are given by census
block.

Race or ethnicity is one important socio-
economic indicator for the Park that may
be used to help strategize education and
outreach. Races considered here include
Asian American, Black, Hispanic, Native
American, and White. Maps of population
totals show how numbers are greatest for
Hispanics and Whites, and also that totals

are quite variable by census block (Maps
138 [Asian American], 139 [Black], 140
[Hispanic], 141 [Native American], and 142
[White]). The corresponding density maps
show how Asian American and Whites tend
to be concentrated in areas to the north of
Tucson, while Blacks, Hispanics, and Native
Americans tend to be concentrated in areas
to the south (Maps 143 [Asian American],
144 [Black], 145 [Hispanic], 146 [Native
American], and 147 [White]).

Age also shows characteristic patterns that
are important for Saguaro in understand-
ing how best to engage local communities.
City center and areas south of Tucson tend
to be dominated by younger generations
(age 21-30), whereas areas to the north are
characterized more by people over 40 (Map
148 [median age]). These basic patterns are
also visible in maps where age is broken out
by age group (Maps 149 [under 5 years], 150
[5-19 years], 151 [over 20 years], and 152
[over 65 years]). Corresponding densities by
age group show that most people under 20
years in age are distributed through central
and south Tucson (Maps 153 [under 5 years]
and 154 [5-19 years]). As reference, densities
of people 21 and over and 65 and over are
shown in Maps 155 and 156.

Education is another important socioeco-
nomic indicator, both in terms of the level of
education reached by adults and the edu-
cation opportunities afforded by schools.
There is a pretty clear pattern of people with
no school tending to live in south Tucson,
those with Bachelor’s degrees being in the
north, and an educational gradient in be-
tween (Maps 157 [no school], 158 [middle
and part of high school], 159 [high school
graduate], and 160 [Bachelor’s degree]).
These patterns are also especially appar-

ent in the corresponding maps of density

by education class (Maps 161 [no school],
162 [middle and part of high school], 163
[high school graduate], and 164 [Bachelor’s
degree]). Education opportunities — both in
a general sense and for Saguaro in strategiz-

Photo 17. Senita Valley Elementary School, located at 10750 E Bilby Road in
Tucson, is about 5 miles (estimated 12 minute drive time) from the entrance
to RMD.

ing where and how to engage school groups
— are shown by the distributions of schools
and school districts (Maps 165 [grade
schools], 166 [middle schools], and 167 [high
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schools]). According to forecasts provided
by the Pima Association of Governments, we
expect the number of school children grades
1 through 8 to increase dramatically to the
northwest and south of Tucson by the year
2040 (Maps 168 [2005] and 169 [2040]). This
same basic growth pattern is expected for
school children grades 9 through 12 (Maps
170 [2005] and 171 [2040]).

Finally, we consider a number of socioeco-
nomic indicators related to households,
poverty/income, and employment. House-
hold sizes tend to be largest in south Tucson,
as well as communities further south, both
in terms of owner (Map 172) and renter
(Map 173) occupied units. Monthly owner
costs as a percentage of income are quite
variable compared to monthly renter costs,
which tend to impact more people near

the city center (Maps 174 [owner] and 175
[renter]). Comparable patterns are evident in
terms of density (Maps 176 [owner] and 177
[renter]). The number of families by census
block below poverty is quite variable (Map
178), but the percentage of families below
poverty tends to be highest in central-south
Tucson and areas further south (Map 179).
Employment patterns are also oriented on
anorth-south axis, with most people em-
ployed being in central-north and those

unemployed in central-south; these patterns
are evident both in terms of totals (Maps
180 [employed] and 181 [unemployed]) and
densities (Maps 182 [employed] and 183
[unemployed]). Forecasts provided by the
Pima Association of Governments suggest
that Tucson and surrounding areas will see
large increases in the number of people
employed by the year 2040 (Maps 184 [2005]
and 185 [2040]), but in interpreting these
maps it is important to note that populations
are also projected to increase dramatically
over this same time period (see correspond-
ing population Maps 85 [2005] and 86
[2040]). Per capita income is generally great-
est around RMD, TMD, and areas north of
Tucson (Map 186). Incomes are expected to
increase in most areas between 2005 (Map
187) and 2040 (Map 188). Median structure
value (Map 189) follows a similar pattern

to per capita income (Map 186). Proximity
to popular attractions likely drives some of
these values (Map 190). In additon, Map 190
identifies major destinations that may be vis-
ited by people also visiting Saguaro National
Park.
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4. Synthesis

The purpose of this report is to provide Sa-
guaro National Park with (i) data and meth-
ods for ongoing inventorying and monitor-
ing of landscape dynamics, (ii) a detailed
analysis of existing landscape data for areas
within and surrounding the Park, and (iii)
interpretation of the results in the context
of key defining park natural resources. The
data and methods are detailed in Section 2,
and analysis and interpretation are provided
in Section 3. This Synthesis is intended to
provide additional interpretation, specifically
on the status and trend of human drivers
around Saguaro that have and will likely
continue to affect park resources, and also
on guidance for future work.

4.1 Status and Trend of Human
Drivers

Of the three major landscape elements con-
sidered in the conceptual model of Figure 6
(human drivers, natural systems, and conser-
vation context), there is special interest from
a park I&M perspective in summarizing the
status and trend of human drivers. Human
drivers of landscape change are important
because they represent external factors that
can transcend park boundaries and negative-
ly impact park resources. In reviewing the
results presented in Section 3.2 it is apparent
that many of the human drivers are corre-
lated. For example, sky-down observations
of nighttime lights (Maps 116 and 117) are
clearly (and expectedly) positively correlated
with developed areas (Map 18), total popu-
lation (Map 89), housing density (Map 99),
and road density (Map 110), yet negatively
correlated with distance to nearest road
(Map 111). With this in mind, landscape
status and trend may be summarized using a
handful of carefully chosen indicators.

Two important criteria for choosing these
indicators are (i) ease of interpretation, and
(ii) spatiotemporal resolution of source data.
NPScape indicators were selected with these
two criteria in mind (Table 1), and because
they have been computed consistently across

parks they also provide a useful comparative
framework for evaluating and interpret-

ing Saguaro indicators. This comparative
framework is important because critical
ecological thresholds associated with many
landscape indicators are often not known,
at least for a particular geography (Monahan
et al. 2012b). In the absence of such detailed
knowledge, status and trend can at least be
evaluated in a relative sense using among-
park comparisons.

A summary of the status and trend of hu-
man drivers for Saguaro National Park and
surrounding 30 km is provided in Table 7.
Several important insights emerge from this
synthesis:

e Relative condition is conserved across
the three indicators (weighted road
density, population density, and hous-
ing density), reaffirming the correlations
mentioned in the previous paragraph,
and further suggesting that these cor-
relations also hold across other parks
(both nationally and in shrub dominated
ecosystems).

e Relative conditions for Saguaro are
consistently greater than the medians of
each indicator, indicating that the Park is
considerably more challenged than most
other NPS units by human drivers of
landscape change.

e These challenges are especially pro-
nounced when Saguaro is compared to
other parks in shrub dominated ecosys-
tems, where across all three indicators it
is in the top 90th percentile for relative
condition (shrub).

e Housing density has increased dramati-
cally since the year 1970, and projections
not reported in the table suggest that it
will increase by another 43% (reaching
2,558 units/km?) by the year 2050.
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Table 7. Status and trend of human drivers according to the Park + 30 km AOA. Relative
condition is the ‘current’ percentile for Saguaro National Park, calculated on two statistical
distributions: all natural resource NPS units in the contiguous US with their respective 30 km
buffers (National, n = 260), and all natural resource NPS units in shrub dominated ecosystems
(like Saguaro) with their respective 30 km buffers (Shrub, n = 61). Relative change is
calculated as recent change divided by past condition, expressed as a percentage.

Indicator Current Recent Relative Relative Relative

Condition Change Condition  Condition  Change
(National)  (Shrub)

Road density — weighted

Year: 2005 2.07 NA 62.3% 95.1% NA

Units: km / km?

Population density

vears: 1990, 2010 [current] 46 5 37,1 73.5% 93.4% 146.6%

Units: people / km

Housing density

Years: 1970, 2010 [current] 1,785 +1,374 69.5% 95.0% +334%

Units: # housing units / km?

e Itappears that housing densities have
increased more rapidly than population
densities, although the two estimates of
relative change reflect different baselines
(1970 [housing] vs. 1990 [population]).
The relative change in housing density
between 1990 and 2010 is about 61 %,
which is comparable to the relative
change in population over the same time
period.

4.2 Future Directions

This report provides Saguaro National Park
with a foundational framework for I&M
landscape dynamics monitoring and report-
ing. The intent is for this framework to be
repeated in the future so that Saguaro can
continue to address basic questions related
to the natural systems, human drivers, and
conservation context influencing Park
resources. Most landscape-level data are re-
freshed or updated every 1 to 5 years. Hence,
results can be updated for Saguaro over time
as new source data become available (e.g.,
every 5 to 10 years).

Our initial report benefitted especially from
landscape-level data provided by NPScape,
the Pima County Information Technol-

ogy Department, and the Pima Associa-
tion of Governments. These three major
data sources will presumably continue to

remain available, meaning that they can be
used to calculate landscape indicators in
subsequent reports. An important question
will be whether there are other sources of
landscape-level data that become available,
which may provide more accurate estimates
of the landscape indicators considered here,
or possibly even allow researchers to esti-
mate new landscape indicators (i.e., beyond
those considered in this report). As consid-
ered carefully here with selecting GIS data to
inform landscape dynamics reporting, it will
be important to critically evaluate with new
datasets whether the source data represent
an inventory (which may never be updated
again) or are derived from fully standardized
methods that are repeated over time and
thus suited for monitoring. This distinction
has big implications for whether Saguaro will
be able to evaluate landscape trend, or be
limited to an estimate of status.

In the next year or two we will see important
updates to a handful of the NPScape source
datasets considered here. In particular, Sum-
mary Files 1 and 3 of the US Census will be
released and processed, which means most
of the socioeconomic indicators can be
re-estimated according to the 2010 Census.
Additionally, NPScape and the NRSS Social
Science Division have retrospectively added
these same socioeconomic attribute fields to
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the 1990 and 2000 Census datasets. Hence,
beyond the 2000 socioeconomic inventories
considered in this report, it will be pos-
sible by c. 2013 to also consider how these
socioeconomic indicators have changed
over the past three decades (at the level of a
census block group). Given the importance
of socioeconomic indicators for Saguaro in
strategizing how to engage local communi-
ties, an analysis and summary of these data
will make for a useful standalone addition to
this report.

NPScape housing projections, which are
based on the Spatially Explicit Regional
Growth Model (SERGoM, Theobald 2005)
will also be updated to include the 2010 Cen-
sus, as well as other modifications, including
refined and improved scenarios of future
housing growth. It is anticipated that these
new estimates of NPScape housing density
will be available in 2013 (Dave Theobald,
personal communication).

The National Land Cover Dataset of 2011

is anticipated to be released in 2013 (Col-

lin Homer, personal communication). The
methods used in the processing of these data
will make them comparable to both the 2001
and 2006 datasets. Hence, with the release of
the 2011 land cover data it will be possible to
further investigate land cover trends in and
around Saguaro. To put this in context, the
data and analyses will essentially provide a
broader extent (same spatial resolution, 30
m) and more recent snapshot (2011 vs. 2009)
of the land cover change product provided
by Villarreal et al. (2011). In additional, the
North American Land Change Monitoring
System has indicated that they plan on re-
leasing updated land cover maps and change
detection products at regular intervals.
These data are at a coarser spatial resolution
(250 m) but have the distinct advantage of
providing seamless coverage into Mexico.

Finally, we offer a few ideas for how the
analyses presented here may be profitably
extended to further benefit Saguaro Na-
tional Park. Ensuring habitat connectivity for
wildlife and preserving wilderness character
in the face of a growing city of Tucson are
two of the most pressing landscape-level

resource challenges being confronted by the
Park. In addition to other efforts underway
with modeling and analyzing connectivity
in and around Saguaro (e.g, Arizona Wild-
life Linkages Workgroup, Arizona Missing
Linkages, HabiMap), the datasets analyzed
in more of a univariate sense in this report
could be further analyzed using multivari-
ate techniques to address targeted, park-
centric and specific questions related to
functional connectivity. For example, many
of the human drivers presented in Section
3.2 are known to impede wildlife movement
via a multitude of mechanisms, and indeed
several of these datasets were used as inputs
to the new model of structural connectiv-
ity developed by Theobald et al. (2012; Map
31). Depending on the Park’s choice of focal
species, several of these human drivers could
be integrated to create ‘resistance’ or ‘cost’
surfaces that summarize areas where the
movement of each species is either impeded
or prevented. Combining such surfaces with
knowledge of the biology of the organism,
including its habitat requirements, methods
like Circuitscape (McRae 2006, McRae &
Beier 2007, McRae et al. 2008) can be used
to build custom models of functional con-
nectivity for key species in Saguaro. The
results of these models could then be over-
laid with conservation context to visualize
how areas that are important for preserving
landscape-level connectivity align with lands
that vary in level of protection and owner-
ship. Knowledge of these factors would help
the Park strategize where and who to engage
in conservation partnerships.

Preserving wilderness character requires an
in depth assessment of where and how fac-
tors beyond park boundaries might nega-
tively impact the quality of wilderness values
and experiences inside the Park. The local
areas of analysis (AOAs) considered in this
report are relevant to such an assessment, in-
cluding especially the viewsheds (Maps 123-
127). It would be advantageous to quantify
the human drivers of each viewshed, which
in turn inform our understanding of wilder-
ness character at key observation points in
the Saguaro Wilderness in TMD and RMD.
The reason that these summaries were not
included in the present report is that the
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viewsheds are effectively GIS models that
require validation or ground truthing before
they can be reliably used in such a fashion.
Hence, owing to the special importance of
Park viewsheds for assessing opportunities
and challenges associated with preserving
wilderness character, another useful proj-
ect that builds on results presented in this
report would be to use photos from the key
observation points to evaluate the extent to
which our viewsheds correspond to what
people see on-the-ground. Then, depend-
ing on the degree of correspondence, the

viewsheds could be reparamaterized and
recomputed, and subsequently summa-
rized for human drivers. Such results would
provide Saguaro with a quantitative rank-
ing of their key observation points inside
park boundaries. They could also be used to
train a spatially explicit model of viewsheds
and corresponding human drivers from any
point within the Park, which could then be
used to help shape current decisions related
to Wilderness planning.
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Map 1. Areas of analysis (AOAs) at the scale of Rincon Mountain District (RMD) — Saguaro National Park East. As reference, the area of RMD + 3 km buffer is 526 km?.
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Map 2. Areas of analysis (AOAs) at the scale of Tucson Mountain District (TMD) — Saguaro National Park West. As reference, the area of TMD + 3 km buffer is 306 km?.
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Map 5. Minimum temperature of the coldest month (1970-2000 normals) for Saguaro National Park and ecoregional vicinity. Source climate data obtained from PRISM

(http://www.prism.oregonstate.edu/). In map extent, minimum = -20.8°C and maximum = 10.1°C.
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Map 6. Maximum temperature of the warmest month (1970-2000 normals) for Saguaro National Park and ecoregional vicinity. Source climate data obtained from

PRISM

http://www.prism.oregonstate.edu/

. In map extent, minimum = 13.7°C and maximum = 46.5°C.




9IAIIG MIBJ [EUOIEN]

v

Legend

Precipitation

:l Park + 3 km buffer

Annual total

1512 mm
330 mm
52 mm
0 15 30 60 Kilometers
IR T I |
T LI N N B I |
0 10 20 40 Miles

Map 7. Total annual precipitation (1970-2000 normals) for Saguaro National Park and ecoregional vicinity. Source climate data obtained from PRISM
(http://www.prism.oregonstate.edu/). In map extent, minimum = 52 mm and maximum = 1512 mm.




vi-v

Sied [euoneN oxengeg jo sorweuk(q adedspue

Sainfimayidl

Legend

Winter minima
Temperature

57°C

oc

4.2°C

0 3 6 12 Kilometers

0 2 4 8 Miles

Map 8. Minimum temperature of the coldest month (1970-2000 normals) in the local area surrounding Saguaro National Park. Source climate data obtained from

PRISM (http://www.prism.oregonstate.edu/). In map extent, minimum = -4.2°C and maximum = 5.7°C.
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Map 9. Maximum temperature of the warmest month (1970-2000 normals) in the local area surrounding Saguaro National Park. Source climate data obtained from

PRISM (http://www.prism.oregonstate.edu/). In map extent, minimum = 22.7°C and maximum = 40.2°C.
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Map 10. Total annual precipitation (1970-2000 normals) in the local area surrounding Saguaro National Park. Source climate data obtained from PRISM

(http://www.prism.oregonstate.edu/). In map extent, minimum = 262 mm and maximum = 1012 mm.
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Map 11. Temperature seasonality (standard deviation in monthly mean temperatures, based on 1970-2000 normals) for Saguaro National Park and ecoregional vicinity.
Source climate data obtained from PRISM (http://www.prism.oregonstate.edu/). In map extent, minimum = 3.4°C and maximum = 9.4°C.
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Map 12. Precipitation seasonality (coefficient of variation in monthly precipitation, based on 1970-2000 normals) for Saguaro National Park and ecoregional vicinity.
Source climate data obtained from PRISM (http://www.prism.oregonstate.edu/). In map extent, minimum = 20 and maximum = 121.
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Map 14. Precipitation seasonality (coefficient of variation in monthly precipitation, based on 1970-2000 normals) in the local area surrounding Saguaro National Park.
Source climate data obtained from PRISM (http://www.prism.oregonstate.edu/). In map extent, minimum = 44 and maximum = 93.
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Map 16. Change in maximum temperature of the warmest month per year (1980-2010) for Saguaro National Park and ecoregional vicinity. Source climate data ob-

tained from PRISM (http://www.prism.oregonstate.edu/). In map extent, minimum = -0.17°C/yr and maximum = 0.39°C/yr.
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Map 17. Change in total annual precipitation per year (1980-2010) for Saguaro National Park and ecoregional vicinity. Source climate data obtained from PRISM
(http://www.prism.oregonstate.edu/). In map extent, minimum = -28.4°C/yr and maximum = 19.1°C/yr.
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Map 18. Land cover (Anderson level I, National Land Cover Dataset 2006) in the local area surrounding Saguaro National Park. Data provided through NPScape.
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Map 19. Land cover change (Anderson level II, National Land Cover Dataset, 2001 to 2006), shown in relation to the 2006 “changed to” land cover class, in the local

area surrounding Saguaro National Park. Data provided through NPScape.
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Map 20. Land cover (Anderson level Il, year 1979) in the local area surrounding Saguaro National Park. Data obtained for the Santa Cruz watershed (only) from Villar-

real et al. (2011): http://pubs.usgs.gov/of/2011/1131/.
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Map 21. Land cover (Anderson level Il, year 1989) in the local area surrounding Saguaro National Park. Data obtained for the Santa Cruz watershed (only) from Villar-

real et al. (2011): http://pubs.usgs.gov/of/2011/1131/.
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Map 22. Land cover (Anderson level Il, year 1999) in the local area surrounding Saguaro National Park. Data obtained for the Santa Cruz watershed (only) from Villar-

real et al. (2011): http://pubs.usgs.gov/of/2011/1131/.
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Map 23. Land cover (Anderson level Il, year 2009) in the local area surrounding Saguaro National Park. Data obtained for the Santa Cruz watershed (only) from Villar-
real et al. (2011): http://pubs.usgs.gov/of/2011/1131/.
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Map 24. Hydrologic land cover types (biome classification) in the local area surrounding Saguaro National Park. Data (dated 2008) obtained from the Pima County In-
formation Technology Department (http://gis.pima.gov/).
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Map 25. Pima County wash network, springs, and flood control structures (source data obtained from the Pima County Information Technology Department, http://

gis.pima.gov/) in the local area surrounding Rincon Mountain District. Park upstream watersheds provided by NPScape.
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Map 26. Pima County wash network, springs, and flood control structures (source data obtained from the Pima County Information Technology Department, http://

gis.pima.gov/) in the local area surrounding Tucson Mountain District. Park upstream watersheds provided by NPScape.
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Map 27. Pima County wash network, springs, and flood control structures in the local area surrounding Saguaro National Park. All source data obtained from the Pima

County Information Technology Department (http://gis.pima.gov/).
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Map 28. Pima County drainage basins and public vs. private detention and retention basins (source data obtained from the Pima County Information Technology De-

partment, http://gis.pima.gov/) in the local area surrounding Saguaro National Park. Park upstream watersheds provided by NPScape.
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Map 29. Key landscape features enabling potential wildlife movements between Saguaro National Park and surrounding protected areas. Source data: Wildlife link-
age designs (Arizona Wildlife Linkages Assessment; http://corridordesign.org/linkages/arizona); land cover (NPScape land cover from the National Land Cover Data-
set); Washes, riparian habitat, wilderness and other protected areas (Pima County Information Technology Department, http://gis.pima.gov/).
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Map 30. Pima County urban-wildland interface in the local area surrounding Saguaro National Park. Wilderness and urban-wild interface data obtained from the Pima
County Information Technology Department (http://gis.pima.gov/).
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Map 31. Structural connectivity, based on the degree of naturalness, by Theobald et al. (2012). The relative ranks reflect the importance of areas for connectivity at a
national-scale; thicker/darker lines are more important for maintaining national-level connectivity. Note that the lines are not corridors per se, but rather simplifica-
tions of how important general areas are for connectivity.
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Map 32. Broad-scale features enabling potential wildlife movements between Saguaro National Park and surrounding protected areas. Source data: NPScape protect-
ed areas from the World Protected Areas Database and NPScape land cover from the North American Land Change Monitoring System.
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Map 33. Forest density computed by NPScape using a moving window of 3.1 km?. Density classes vary from rare to intact. Results are to be interpreted for species or

resources that operate at approximately the scale of the moving window, and depend to varying degrees on forest. Source data: NPScape area density based on land

cover data from the North American Land Change Monitoring System.
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Map 34. Forest density computed by NPScape using a moving window of 7.6 km?. Density classes vary from rare to intact. Results are to be interpreted for species or
resources that operate at approximately the scale of the moving window, and depend to varying degrees on forest. Source data: NPScape area density based on land

cover data from the North American Land Change Monitoring System.
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Map 35. Forest density computed by NPScape using a moving window of 14.1 km?2. Density classes vary from rare to intact. Results are to be interpreted for species or
resources that operate at approximately the scale of the moving window, and depend to varying degrees on forest. Source data: NPScape area density based on land

cover data from the North American Land Change Monitoring System.
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Map 36. Forest density computed by NPScape using a moving window of 45.6 km?2. Density classes vary from rare to intact. Results are to be interpreted for species or
resources that operate at approximately the scale of the moving window, and depend to varying degrees on forest. Source data: NPScape area density based on land
cover data from the North American Land Change Monitoring System.
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Map 37. Forest density computed by NPScape using a moving window of 95.1 km?2. Density classes vary from rare to intact. Results are to be interpreted for species or
resources that operate at approximately the scale of the moving window, and depend to varying degrees on forest. Source data: NPScape area density based on land

cover data from the North American Land Change Monitoring System.
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Map 38. Grassland density computed by NPScape using a moving window of 3.1 km?. Density classes vary from rare to intact. Results are to be interpreted for species
or resources that operate at approximately the scale of the moving window, and depend to varying degrees on grassland. Source data: NPScape area density based
on land cover data from the North American Land Change Monitoring System.
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Map 39. Grassland density computed by NPScape using a moving window of 7.6 km?. Density classes vary from rare to intact. Results are to be interpreted for species
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or resources that operate at approximately the scale of the moving window, and depend to varying degrees on grassland. Source data: NPScape area density based

on land cover data from the North American Land Change Monitoring System.
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Map 40. Grassland density computed by NPScape using a moving window of 14.1 km?2. Density classes vary from rare to intact. Results are to be interpreted for spe-
cies or resources that operate at approximately the scale of the moving window, and depend to varying degrees on grassland. Source data: NPScape area density

based on land cover data from the North American Land Change Monitoring System.
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Map 41. Grassland density computed by NPScape using a moving window of 45.6 km?. Density classes vary from rare to intact. Results are to be interpreted for spe-
cies or resources that operate at approximately the scale of the moving window, and depend to varying degrees on grassland. Source data: NPScape area density

based on land cover data from the North American Land Change Monitoring System.
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Map 42. Grassland density computed by NPScape using a moving window of 95.1 km?2. Density classes vary from rare to intact. Results are to be interpreted for spe-
cies or resources that operate at approximately the scale of the moving window, and depend to varying degrees on grassland. Source data: NPScape area density

based on land cover data from the North American Land Change Monitoring System.
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Map 43. Annual flash rate (number of flashes per km? per year) for Saguaro National Park and ecoregional vicinity. Data obtained from the NASA Optical Transient
Detector (OTD), May 1995 through April 2000. In map extent, minimum = 2.3 flashes per km? per yr and maximum = 15.5 flashes per km? per yr.
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Map 44. Monthly flash rate (number of flashes per km? per month; September through June when there is little to no flash activity) for Saguaro National Park and
ecoregional vicinity. Data obtained from the NASA Optical Transient Detector (OTD), May 1995 through April 2000. In map extent, all values < 0.08 flashes per km? per
month.



9OTAIIG NIBJ [BUOTIEN]

19-v

Legend

I:l Park + 3 km buffer

July flash rate

Flashes per km”2 per month

L B

60 Kilometers

|
I
o mom =2 40 Miles

Map 45. Monthly flash rate (number of flashes per km? per month; July, when flash activity is modest) for Saguaro National Park and ecoregional vicinity. Data ob-
tained from the NASA Optical Transient Detector (OTD), May 1995 through April 2000. In map extent, all values < 0.14 flashes per km? per month.
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Map 46. Monthly flash rate (number of flashes per km? per month; August, when flash activity is at a peak) for Saguaro National Park and ecoregional vicinity. Data
obtained from the NASA Optical Transient Detector (OTD), May 1995 through April 2000. In map extent, minimum = 0.08 flashes per km? per month and maximum =
0.21 flashes per km? per month.
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Map 47. Wind speeds at 50 m above ground for Saguaro National Park and ecoregional vicinity. Data obtained from the National Renewable Energy Laboratory

(2003).
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Map 48. Wind speeds at 50 m above ground in the local area surrounding Saguaro National Park. Data obtained from the National Renewable Energy Laboratory

(2003).
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Map 49. Average annual direct normal solar resource in the local area surrounding Saguaro National Park. Data obtained from the National Renewable Energy Labora-

tory (2009).
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Map 50. Geothermal favorability, ranked qualitatively based on 12 USGS logistic regression models that correlate different geological and geophysical factors to the
known presence of moderate (90 - 150° C) to high (> 150° C) temperature geothermal resources in the western United States (http://pubs.usgs.gov/fs/2008/3082/),in
the local area surrounding Saguaro National Park.
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Map 51. Habitat suitability model for the needle-spined pineapple cactus, a vulnerable species in Pima County, ranked according to high, medium, and low habitat po-
tential. Data (dated 2003) obtained from the Pima County Information Technology Department.
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Map 52. Habitat suitability model for the Pima pineapple cactus, a vulnerable species in Pima County, ranked according to high, medium, and low habitat potential.

Data (dated 2003) obtained from the Pima County Information Technology Department.
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Map 53. Habitat suitability model for the Gentry indigobush, a vulnerable plant species in Pima County, ranked according to high, medium, and low habitat potential.

Data (dated 2003) obtained from the Pima County Information Technology Department.
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Map 54. Habitat suitability model for the Huachuca water umbel, a vulnerable aquatic plant species in Pima County, ranked according to high, medium, and low habi-

tat potential. Data (dated 2003) obtained from the Pima County Information Technology Department.
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Map 55. Habitat suitability model for the Tumamoc globeberry, a vulnerable plant species in Pima County, ranked according to high, medium, and low habitat poten-

tial. Data (dated 2003) obtained from the Pima County Information Technology Department.
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Map 56. Habitat suitability model for the desert pupfish, a vulnerable species in Pima County, ranked according to high, medium, and low habitat potential. Data
(dated 2003) obtained from the Pima County Information Technology Department.
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Map 57. Habitat suitability model for the Gila chub, a vulnerable fish species in Pima County, ranked according to high, medium, and low habitat potential. Data (dat-
ed 2002) obtained from the Pima County Information Technology Department.
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Map 58. Habitat suitability model for the Gila topminnow, a vulnerable fish species in Pima County, ranked according to high, medium, and low habitat potential.
Data (dated 2003) obtained from the Pima County Information Technology Department.
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Map 59. Habitat suitability model for the longfin dace, a vulnerable fish species in Pima County, ranked according to high, medium, and low habitat potential. Data
(dated 2003) obtained from the Pima County Information Technology Department.
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Map 60. Habitat suitability model for the Sonora sucker, a vulnerable fish species in Pima County, ranked according to high, medium, and low habitat potential. Data
(dated 2003) obtained from the Pima County Information Technology Department.



9OTAIIG NIBJ [BUOTIEN]

18-V

e :
| Tucson Mountain
. District (TMD)
-

f N »

AN
gt ot >
1 Saint

.

b

D

vid -

Legend

Desert box turtle
Habitat potential

Low

0 3 6 12 Kilometers

[ |
| L L L L
0 3 6

1
12 Miles

Map 61. Habitat suitability model for the desert box turtle, a vulnerable species in Pima County, ranked according to high, medium, and low habitat potential. Data

(dated 2003) obtained from the Pima County Information Technology Department.
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Map 62. Habitat suitability model for the Chiricahua leopard frog, a vulnerable species in Pima County, ranked according to high, medium, and low habitat potential.

Data (dated 2003) obtained from the Pima County Information Technology Department.
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Map 63. Habitat suitability model for the lowland leopard frog, a vulnerable species in Pima County, ranked according to high, medium, and low habitat potential.

Data (dated 2003) obtained from the Pima County Information Technology Department.
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Map 64. Habitat suitability model for the giant spotted whiptail, a vulnerable lizard species in Pima County, ranked according to high, medium, and low habitat po-

tential. Data (dated 2003) obtained from the Pima County Information Technology Department.
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Map 65. Habitat suitability model for the ground snake, a vulnerable species in Pima County, ranked according to high, medium, and low habitat potential. Data (dat-

ed 2003) obtained from the Pima County Information Technology Department.
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Map 66. Habitat suitability model for the Mexican garter snake, a vulnerable species in Pima County, ranked according to high, medium, and low habitat potential.

Data (dated 2003) obtained from the Pima County Information Technology Department.
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Map 67. Habitat suitability model for the Tucson shovelnose snake, a vulnerable species in Pima County, ranked according to high,
Data (dated 2003) obtained from the Pima County Information Technology Department.

medium, and low habitat potential.
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Map 68. Habitat suitability model for Abert’s towhee, a vulnerable bird species in Pima County, ranked according to high, medium, and low habitat potential. Data

(dated 2003) obtained from the Pima County Information Technology Department.
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Map 70. Habitat suitability model for cactus ferruginous pygmy owl, a vulnerable bird species in Pima County, ranked according to high, medium, and low habitat po-

tential. Data (dated 2003) obtained from the Pima County Information Technology Department.
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Map 71. Habitat suitability model for the rufous-winged sparrow , a vulnerable species in Pima County, ranked according to high, medium, and low habitat potential.

Data (dated 2003) obtained from the Pima County Information Technology Department.
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Map 72. Habitat suitability model Swainson’s hawk, a vulnerable bird species in Pima County, ranked according to high, medium, and low habitat potential. Data

(dated 2003) obtained from the Pima County Information Technology Department.




9IAIIG MIBJ [EUOIEN]

v

oy 3
SOy o)
Sty

Map 73. Habitat suitability model for the southwestern willow flycatcher, a vulnerable bird species in Pima County, ranked according to high, medium, and low habi-

tat potential. Data (dated 2003) obtained from the Pima County Information Technology Department.
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Map 74. Habitat suitability model for the western burrowing owl, a vulnerable bird species in Pima County, ranked according to high, medium, and low habitat po-

tential. Data (dated 2003) obtained from the Pima County Information Technology Department.
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Map 75. Habitat suitability model for the yellow-billed cuckoo, a vulnerable bird species in Pima County, ranked according to high, medium, and low habitat potential.

Data (dated 2003) obtained from the Pima County Information Technology Department.
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Map 76. Habitat suitability model for Allen’s big-eared bat, a vulnerable species in Pima County, ranked according to high, medium, and low habitat potential. Data

(dated 2003) obtained from the Pima County Information Technology Department.
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Map 77. Habitat suitability model for the California leaf-nose bat, a vulnerable species in Pima County, ranked according to high, medium, and low habitat potential.

Data (dated 2003) obtained from the Pima County Information Technology Department.
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Map 78. Habitat suitability model for the lesser long-nosed bat, a vulnerable species in Pima County, ranked according to high, medium, and low habitat potential.

Data (dated 2003) obtained from the Pima County Information Technology Department.
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Map 79. Habitat suitability model for the Mexican long-tongued bat, a vulnerable species in Pima County, ranked according to high, medium, and low habitat poten-
tial. Data (dated 2003) obtained from the Pima County Information Technology Department.
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Map 80. Habitat suitability model for Pale Townsend’ big-eared bat, a vulnerable species in Pima County, ranked according to high, medium, and low habitat poten-

tial. Data (dated 2003) obtained from the Pima County Information Technology Department.
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Map 81. Habitat suitability model for the western red bat, a vulnerable species in Pima County, ranked according to high, medium, and low habitat potential. Data

(dated 2003) obtained from the Pima County Information Technology Department.
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Map 82. Habitat suitability model for the western yellow bat, a vulnerable species in Pima County, ranked according to high, medium, and low habitat potential. Data

(dated 2003) obtained from the Pima County Information Technology Department.
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Map 83. Habitat suitability model for the Arizona shrew, a vulnerable species in Pima County, ranked according to high, medium, and low habitat potential. Data

(dated 2003) obtained from the Pima County Information Technology Department.
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Map 84. Historic and projected future trends in total population in the local area surrounding Saguaro National Park. Population data processed by NPScape.
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Map 85. Current (2005) estimates of total population in the local area surrounding Saguaro National Park. Data obtained from the Pima Association of Governments

(http://www.pagnet.org/RegionalData/Maps/MapsandGISDownloads/tabid/902/Default.aspx).
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Map 86. Projected future (2040) estimates of total population in the local area surrounding Saguaro National Park. Data obtained from the Pima Association of Gov-

ernments (http://www.pagnet.org/RegionalData/Maps/MapsandGISDownloads/tabid/902/Default.aspx).
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Map 87. Number of people according to the US Census Bureau (1990) in the local area surrounding Saguaro National Park. Population data processed by NPScape. Wil-
derness areas obtained from the Pima County Information Technology Department.
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Map 88. Number of people according to the US Census Bureau (2000) in the local area surrounding Saguaro National Park. Population data processed by NPScape. Wil-
derness areas obtained from the Pima County Information Technology Department.
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Map 89. Number of people according to the US Census Bureau (2010) in the local area surrounding Saguaro National Park. Population data processed by NPScape. Wil-
derness areas obtained from the Pima County Information Technology Department.



9IAIIG MIBJ [EUOIEN]

v

Population density (1990)

0.000 - 100.000
100.001 - 1000.000
1000.001 - 2000.000

- 2000.001 - 4000.000

4000.001 - 8000.000

2 4 8 Kilometers

0
|
[ T T T T T T T
0

1
8 Miles

Map 90. Population density according to the US Census Bureau (1990) in the local area surrounding Saguaro National Park. Population data processed by NPScape.

Wilderness areas obtained from the Pima County Information Technology Department.
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Map 91. Population density according to the US Census Bureau (2000) in the local area surrounding Saguaro National Park. Population data processed by NPScape.

Wilderness areas obtained from the Pima County Information Technology Department.




9IAIIG MIBJ [EUOIEN]

¢ri-v

Legend

- Wildermess

Population density (2010)

0.000 - 100.000

i 100.001 - 1000.000

1000.001 - 2000.000

- 2000.001 - 4000.000

4000.001 - 8000.000

2 4 8 Kilometers

T T 1
2 4 8 Miles

O =—— O

B

Map 92. Population density according to the US Census Bureau (2010) in the local area surrounding Saguaro National Park. Population data processed by NPScape.
Wilderness areas obtained from the Pima County Information Technology Department.
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Map 94. Number of housing units (projected to the year 2040) in the local area surrounding Saguaro National Park. Data obtained from the Pima Association of Gov-
ernments (http://www.pagnet.org/RegionalData/Maps/MapsandGlSDownloads/tabid/902/Default.aspx
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Map 95. Housing density according to the Spatially Explicit Regional Growth Model (1970) in the local area surrounding Saguaro National Park. Data processed by

NPScape.




v

JIed [euoneN orengeg jo sorureudq adeospue]

Oy

¥ K

Legend

‘ Wilderess

Housing density (1980)

i e

¥ 'éaguaro?Wildernessh n
Tucson Mountain By
.. District (TMD)

%+

Urban-Regional Park
Commercial / Industrial

> 2,470 units / square km
1,235 - 2,470 units / square km
495 - 1,234 units / square km
146 - 494 units / square km

50 - 145 units / square km

25 - 49 units /square km

Roble_'s Junqtilén

13 - 24 units / square km

7 - 12 units / square km

4 - 6 units / square km

& 1.5 - 3 units / square km
i
&

o

< 1.5 units / square km

»

Private undeveloped

A ‘ (I ~ .
s
o~ A8 0 Twin Buttes =¥

"

o

y
SRR}

3.7 2 ‘- 6 12 Kilometers
FEN N . ‘
o - A ! I.'.".' L — |
f T -
=4 Contine = 0o 3 6 12 Miles
/ s 3

Saint Davi"c;]{-

Map 96. Housing density according to the Spatially Explicit Regional Growth Model (1980) in the local area surrounding Saguaro National Park. Data processed by
NPScape.
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Map 97. Housing density according to the Spatially Explicit Regional Growth Model (1990) in the local area surrounding Saguaro National Park. Data processed by
NPScape.
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Map 98. Housing density according to the Spatially Explicit Regional Growth Model (2000) in the local area surrounding Saguaro National Park. Data processed by
NPScape.
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Map 99. Housing density according to the Spatially Explicit Regional Growth Model (2010) in the local area surrounding Saguaro National Park. Data processed by

NPScape.
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Map 100. Housing density according to the Spatially Explicit Regional Growth Model (2020) in the local area surrounding Saguaro National Park. Data processed by

NPScape.
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Map 101. Housing density according to the Spatially Explicit Regional Growth Model (2030) in the local area surrounding Saguaro National Park. Data processed by
NPScape.
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Map 102. Housing density according to the Spatially Explicit Regional Growth Model (2040) in the local area surrounding Saguaro National Park. Data processed by
NPScape.
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Map 103. Housing density according to the Spatially Explicit Regional Growth Model (2050) in the local area surrounding Saguaro National Park. Data processed by

NPScape.




0¢I-v

JIed [euoneN orengeg jo sorureudq adeospue]

District (TMD)&

B2

v

Legend

- Wilderess

Housing density (2060)

Urban-Regional Park
Commercial / Industrial

> 2,470 units / square km
1,235 - 2,470 units / square km
495 - 1,234 units / square km
146 - 494 units / square km
50 - 145 units / square km
25 - 49 units /square km

13 - 24 units / square km

7 - 12 units / square km

4 - 6 units / square km

1.5 - 3 units / square km

< 1.5 units / square km

Private undeveloped

SRR T T T

6 12 Kilometers
[ |
| L L N L

T— T 1
0 3 6 12 Miles

Map 104. Housing density according to the Spatially Explicit Regional Growth Model (2060) in the local area surrounding Saguaro National Park. Data processed by

NPScape.
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Map 105. Housing density according to the Spatially Explicit Regional Growth Model (2070) in the local area surrounding Saguaro National Park. Data processed by

NPScape.
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Map 106. Housing density according to the Spatially Explicit Regional Growth Model (2080) in the local area surrounding Saguaro National Park. Data processed by

NPScape.
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Map 107. Housing density according to the Spatially Explicit Regional Growth Model (2090) in the local area surrounding Saguaro National Park. Data processed by
NPScape.
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Map 108. Housing density according to the Spatially Explicit Regional Growth Model (2100) in the local area surrounding Saguaro National Park. Data processed by
NPScape.
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Map 109. Road network in the local area surrounding Saguaro National Park. Road data obtained from the Environmental Systems Research Institute (ESRI); used by
NPScape in computing road indicators. Wilderness areas obtained from the Pima County Information Technology Department (http://gis.pima.gov/).
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Map 110. Weighted road density in the local area surrounding Saguaro National Park. Highways are weighted by a factor of 3 and interstates by a factor of 10. Road

data provided by NPScape. Wilderness areas obtained from the Pima County Information Technology Department (http://gis.pima.gov/).
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Map 111. Distance to the nearest road in the local area surrounding Saguaro National Park. Road data provided by NPScape. Wilderness areas obtained from the Pima

County Information Technology Department (http://gis.pima.gov/).
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Map 112. Major air, road, and railroad transportation networks (public, private, and military) in the local area surrounding Saguaro National Park. Road network ob-
tained from the Environmental Systems Research Institute. Other transportation data obtained from the Pima County Information Technology Department (http://gis.

pima.gov/).
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Map 113. Pima County trails and bike routes (existing, planned) in the local area surrounding Saguaro National Park. Source data obtained from the Pima County In-

formation Technology Department (http://gis.pima.gov/).
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Map 114. Pima County park and ride locations, bus lines, and bus stops in the local area surrounding Saguaro National Park. Source data obtained from the Pima

County Information Technology Department (http://gis.pima.gov/).
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Map 115. Pima County HandiCar service areas (continued, expanded; http://dot.pima.gov/transsys/specialneeds/) in the local area surrounding Saguaro National Park.

Source data obtained from the Pima County Information Technology Department (http://gis.pima.gov/).







Nighttime Lights






9IAISG IBJ [BUOLBN

Ly1-V

Map 116. Direct observations of average visible stable nighttime lights (Defense Meteorological Satellite Program Operational Linescan System 1997) for Saguaro Na-
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tional Park and ecoregional vicinity. In map extent, low nighttime light visibility is symbolized by dark/black colors while high nighttime light visibility is symbolized

by light/white colors.
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Map 117. Direct observations of average visible stable nighttime lights (Defense Meteorological Satellite Program Operational Linescan System 2009) for Saguaro Na-
tional Park and ecoregional vicinity. The 2009 sensor is different from the one used in 1997, meaning that some differences between the two maps may reflect meth-
odological artifacts. In map extent, low nighttime light visibility is symbolized by dark/black colors while high nighttime light visibility is symbolized by light/white
colors.
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Map 118. The Cinzano model of nighttime lights that considers atmospheric scattering, or light pollution propagation. Colors range from yellow to white (increasing
brightness) and green to black (increasing darkness).
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Map 119. Nighttime ‘ground-up’ sky observations (dated 2010) and Pima County outdoor lighting area codes (dated 2011) in the local area surrounding Saguaro Na-
tional Park. Lighting area code data obtained from the Pima County Information Technology Department (http://gis.pima.gov/). Data on limiting magnitudes obtained
from GLOBE (http://www.globeatnight.org/analyze.html).
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Map 120. Pima County Conservation Lands System (CLS) classification in the local area surrounding Saguaro National Park. CLS data (dated 2004) obtained from the

Pima County Information Technology Department (http://gis.pima.gov/).
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Map 121. Major landowners and land managing agencies in the local area surrounding Saguaro National Park. Ownership data (dated 2007) obtained from the Pima
County Information Technology Department (http://gis.pima.gov/).
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Map 122. Multiple levels of protected areas (denoted by GAP status code, see Methods - Section 2.3.1) considered in relation to potential stressors or disturbances
originating from superfund sites and active mines in the local area surrounding Saguaro National Park. Protected areas (dated 2007), superfund sites (dated 2001), and
active mines (dated 1996) obtained from the Pima County Information Technology Department (http://gis.pima.gov/).
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Map 123. Viewsheds from key observation points along roads in TMD. Colors in the map legend indicate the number of road observation points that areas are visible
from. The viewshed analysis was constrained by a 25 mile buffer around both districts, and points reflect an observer at ground level.
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Map 124. Viewsheds from key observation points in the front country of TMD. Colors in the map legend indicate the number of front country observation points that

areas are visible from. The viewshed analysis was constrained by a 25 mile buffer around both districts, and points reflect an observer at ground level.
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Map 125. Viewsheds from key observation points along roads in RMD. Colors in the map legend indicate the number of road observation points that areas are visible
from. The viewshed analysis was constrained by a 25 mile buffer around both districts, and points reflect an observer at ground level.
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Map 126. Viewsheds from key observation points in the front country of RMD. Colors in the map legend indicate the number of front country observation points that
areas are visible from. The viewshed analysis was constrained by a 25 mile buffer around both districts, and points reflect an observer at ground level.
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Map 127. Viewsheds from key observation points in the back country of RMD. Colors in the map legend indicate the number of back country observation points that
areas are visible from. The viewshed analysis was constrained by a 25 mile buffer around both districts, and points reflect an observer at ground level.
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Map 128. City of Tucson land use (dated 1993) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Information Technology De-

partment (http://gis.pima.gov/).
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Map 129. Pima County comprehensive plan for land use intensity of unincorporated areas in the local area surrounding Saguaro National Park. Plan data (dated 2009)

obtained from the Pima County Information Technology Department (http://gis.pima.gov/).
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Map 130. Pima County new building permits (2010-2011) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Information Tech-
nology Department (http://gis.pima.gov/).
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Map 131. Number of structures built between 1999 and March 2000 (US Census Bureau) in the local area surrounding Saguaro National Park. Structure and wilderness
data obtained from the Pima County Information Technology Department (http://gis.pima.gov/).
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Map 132. Pima County subdivisions by lot count (dated April 2011) in the local area surrounding Saguaro National Park. Subdivision and wilderness data obtained

from the Pima County Information Technology Department (http://gis.pima.gov/).




LIV

JIeJ [euoneN orengeg jo soruwreuiq adeospue

u.o.‘\‘o?ﬂtai'n 7
st (TMD)

Rihcon Mountain
District (RMD)

Legend

Parcel size

Acres

0.000570 - 345.428986

345.428987 - 2545.600098

2545.600099 - 7414.879883

7414.879884 - 16601.400391

16601.400392 - 25588.300781

0 3 6 12 Kilometers
[ |
| L L L L

™
3 6 12 Miles

Map 133. Pima County parcels by size in the local area surrounding Saguaro National Park. Data obtained from the Pima County Information Technology Department

http://gis.pima.gov/).
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Map 134. Pima County real property inventory, areas with development plans, historic districts, and annexation boundaries in the local area surrounding Saguaro Na-

tional Park. Map data obtained from the Pima County Information Technology Department (http://gis.pima.gov/).
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Map 135. City of Tucson neighborhood associations (dated 2007) in the local area surrounding Saguaro National Park. Association and wilderness data obtained from

the Pima County Information Technology Department (http://gis.pima.gov/).
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Map 136. City of Tucson area plan (dated 2000) in the local area surrounding Saguaro National Park. Area plan data obtained from the Pima County Information Tech-

nology Department (http://gis.pima.gov/).
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Map 137. Pima County incorporated and unincorporated zoning jurisdictions (dated 2007) in the local area surrounding Saguaro National Park. Data obtained from
the Pima County Information Technology Department (http://gis.pima.gov/).
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Map 138. Number of Asian Americans (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Information

Technology Department (http://gis.pima.gov/).
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Map 139. Number of Blacks (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Information Technol-

ogy Department (http://gis.pima.gov/).
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Map 140. Number of Hispanics (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Information Tech-

nology Department (http://gis.pima.gov/).
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Map 141. Number of Native Americans (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Informa-

tion Technology Department (http://gis.pima.gov/).
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Map 142. Number of Whites (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Information Technol-

ogy Department (http://gis.pima.gov/).
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Map 143. Density of Asian Americans (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Information

Technology Department (http://gis.pima.gov/).
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Map 144. Density of Blacks (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Information Technol-

ogy Department (http://gis.pima.gov/).
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Map 145. Density of Hispanics (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Information Tech-

nology Department (http://gis.pima.gov/).
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Map 146. Density of Native Americans (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Information

Technology Department (http://gis.pima.gov/).
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Map 147. Density of Whites (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Information Technol-

ogy Department (http://gis.pima.gov/).
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Map 148. Median age (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Information Technology De-

partment (http://gis.pima.gov/).
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Map 149. Number of 4 year olds and under (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Infor-

mation Technology Department (http://gis.pima.gov/).




9OTAIIG NIBJ [BUOTIEN]

T61-V

Saguaro Wilderness
Tucson Mountain
District (TMD)

i
e

Pusch Ridge
Wilderness
(USFS)

,l {

1 Legend
- Wilderess
Total number
5to 19 yrs old
E 401 - 756
l:\ 757 - 1172
- 1173 -1832
- 1833 - 5344
Saguaro Wilderness
Rincon Mountain
District (RMD)
2 4 8 Kilometers
T T I |
T T T T T T T 1
2 4 8 Miles

=

Map 150. Number of 5 to 19 year olds (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Information

Technology Department (http://gis.pima.gov/).
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Map 151. Number of 21 year olds and older (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Infor-

mation Technology Department (http://gis.pima.gov/).
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Map 152. Number of 65 year olds and older (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Infor-

mation Technology Department (http://gis.pima.gov/).
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Map 153. Density of 4 year olds and under (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Infor-
mation Technology Department (http://gis.pima.gov/).
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Map 154. Density of 5 to 19 year olds (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Information

Technology Department (http://gis.pima.gov/).
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Map 155. Density of 21 year olds and older (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Infor-
mation Technology Department (http://gis.pima.gov/).



9OTAIIG NIBJ [BUOTIEN]

L61-V

Pusch Ridge

<

Legend

- Wildermess

Density (# / km#2)

Wilderness

(USFS) 65 yrs and over

0.017 - 61.157
61.158 - 163.309
163.310 - 282.442
282.443 - 470.656

470.657 - 819.085

Saguaro Wilderness
Rincon Mountain
District (RMD)

2 4 8 Kilometers
]
T

T T ]
2 4 8 Miles

Map 156. Density of 65 year olds and older (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Infor-
mation Technology Department (http://gis.pima.gov/).
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Map 157. Number of people who have received no schooling (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the
Pima County Information Technology Department (http://gis.pima.gov/).
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Map 158. Number of people who completed middle and part of high school (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data ob-

tained from the Pima County Information Technology Department (http://gis.pima.gov/).
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Map 159. Number of high school graduates (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Infor-
mation Technology Department (http://gis.pima.gov/).
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Map 160. Number of people with a Bachelor’s education (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima

County Information Technology Department (http://gis.pima.gov/).
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Map 161. Density of people who have received no schooling (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the
Pima County Information Technology Department (http://gis.pima.gov/).



9OTAIIG NIBJ [BUOTIEN]

€0Cv

Pusch Ridge
Wilderness
(USFS)

<

Saguaro Wilderness
Rincon Mountain
District (RMD)

\
0
|1
I T T T T T T T ]
0 2 4 8 Miles

Legend

- Wildermess
Density (# / km#2)
Middle and part of high school

0.008 - 44.896
44.897 - 122.906
122.907 - 214.052
214.053 - 355.505

355.506 - 666.064

4 8 Kilometers
]

Map 162. Density of people who completed middle and part of high school (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data ob-

tained from the Pima County Information Technology Department (http://gis.pima.gov/).
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Map 163. Density of high school graduates (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Infor-
mation Technology Department (http://gis.pima.gov/).
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Map 164. Density of people with a Bachelor's education (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima
County Information Technology Department (http://gis.pima.gov/).
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Map 165. Pima County elementary schools, elementary school districts, and school district blocks in the local area surrounding Saguaro National Park. Data obtained

from the Pima County Information Technology Department (http://gis.pima.gov/).
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Map 166. Pima County middle schools, middle school districts, and school district blocks in the local area surrounding Saguaro National Park. Data obtained from the

Pima County Information Technology Department (http://gis.pima.gov/).
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Map 167. Pima County high schools, high school districts, and school district blocks in the local area surrounding Saguaro National Park. Data obtained from the Pima

County Information Technology Department (http://gis.pima.gov/).
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Map 168. Number of school children, grades 1 through 8 (year 2005) in the local area surrounding Saguaro National Park. Data obtained from the Pima Association of

Governments (http://www.pagnet.org/RegionalData/Maps/MapsandGISDownloads/tabid/902/Default.aspx).
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Map 169. Number of school children, grades 1 through 8 (projected to the year 2040) in the local area surrounding Saguaro National Park. Data obtained from the

Pima Association of Governments

http://www.pagnet.org/RegionalData/Maps/MapsandGISDownloads/tabid/902/Default.aspx).
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of Governments (http://www.pagnet.org/RegionalData/Maps/MapsandGISDownloads/tabid/902/Default.aspx).

Map 170. Number of school children, grades 9 through 12 (year 2005) in the local area surrounding Saguaro National Park. Data obtained from the Pima Association
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Map 171. Number of school children, grades 9 through 12 (projected to the year 2040) in the local area surrounding Saguaro National Park. Data obtained from the

Pima Association of Governments (http://www.pagnet.org/RegionalData/Maps/MapsandGISDownloads/tabid/902/Default.aspx).
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Map 172. Average household size of owner-occupied units (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima

County Information Technology Department (http://gis.pima.gov/).
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Map 173. Average household size of renter-occupied units (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima
County Information Technology Department (http://gis.pima.gov/).
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Map 174. Number of homeowners whose monthly costs as a percentage of household income is 35% or more (US Census Bureau 2000). Data obtained from the Pima
County Information Technology Department (http://gis.pima.gov/).




91c-v

JIeJ [euoneN orengeg jo soruwreuiq adeospue

Legend

- Wildermess

Pusch Ridge Total number

Wilderness 35% or more (renter income)

<94

94 -213

214 - 389

390 - 647

648 - 1041

Saguaro Wilderness
Rincon Mountain
District (RMD)

4 8 Kilometers

T T T T ]
4 8 Miles

Map 175. Number of tenants whose gross rent as a percentage of household income is 35% or more (US Census Bureau 2000). Data obtained from the Pima County
Information Technology Department (http://gis.pima.gov/).



9OTAIIG NIBJ [BUOTIEN]

LIV

Pusch Ridge
Wilderness
(USFS)

Saguaro Wilderness
Rincon Mountain
District (RMD)

[~

&

Legend

- Wildermess

Density (# / km#2)

35% or more (owner income)

0.000 - 13.124

13.125 - 32.570

32.571-56.464

56.465 - 84.924

84.925 - 144.289

2 4 8 Kilometers

1
8 Miles

Map 176. Density of homeowners whose monthly costs as a percentage of household income is 35% or more (US Census Bureau 2000).Data obtained from the Pima

County Information Technology Department (http://gis.pima.gov/).
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Map 177. Density of tenants whose gross rent as a percentage of household income is 35% or more (US Census Bureau 2000). Data obtained from the Pima County

Information Technology Department (http://gis.pima.gov/).
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Map 178. Number of families below poverty (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Infor-

mation Technology Department (http://gis.pima.gov/).
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Map 179. Percentage of families below poverty (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County
Information Technology Department (http://gis.pima.gov/).
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Map 180. Number of people employed (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Informa-

tion Technology Department (http://gis.pima.gov/).
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Map 181. Number of people unemployed (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Informa-

tion Technology Department (http://gis.pima.gov/).
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Map 182. Density of people employed (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Information

Technology Department (http://gis.pima.gov/).
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Map 183. Density of people unemployed (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Informa-
tion Technology Department (http://gis.pima.gov/).
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Map 184. Number of people employed (year 2005) in the local area surrounding Saguaro National Park. Data obtained from the Pima Association of Governments
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Map 185. Number of people employed (projected to the year 2040) in the local area surrounding Saguaro National Park. Data obtained from the Pima Association of

Governments (http://www.pagnet.org/RegionalData/Maps/MapsandGlSDownloads/tabid/902/Default.aspx).
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Map 186. Per capita income in the year 1999 (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Infor-
mation Technology Department (http://gis.pima.gov/).
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Map 187. Mean income (year 2005) in the local area surrounding Saguaro National Park. Data obtained from the Pima Association of Governments (http://www.pag-

net.org/RegionalData/Maps/MapsandGISDownloads/tabid/902/Default.aspx).
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Map 188. Mean income (projected to the year 2040) in the local area surrounding Saguaro National Park. Data obtained from the Pima Association of Governments
http://www.pagnet.org/RegionalData/Maps/MapsandGISDownloads/tabid/902/Default.aspx).
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Map 189. Median structure value (US Census Bureau 2000) in the local area surrounding Saguaro National Park. Data obtained from the Pima County Information

Technology Department (http://gis.pima.gov/).
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Map 190. Popular and modern cultural attractions in the Tucson area. Data obtained from the Pima County Information Technology Department (http://gis.pima.gov/).
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