

















A study done in Joshua Tree National
Park also documents that Joshua trees
have low rates of survival when
damaged by wildfires and even lower
rates when wildfire is followed by
drought conditions.” As wildfires have
become more common in the desert
because of the spread of non-native
grasses (see below) and drought
conditions are expected to become
more common in a disrupted future
climate, this study, too, suggests that
persistence of Joshua trees is imperiled
there.

BREAKUP OF ECOSYSTEMS

Joshua Tree National Park

Changes in temperature and

precipitation can drive the breakup of existing
assemblages of places, plants, and animals.
Deserts across the arid Southwest are projected
to get even hotter and drier in this century,
feeding a self-reinforcing cycle of invasive
plants, fire, and erosion. Invasive plants can be
major threats because some are highly
adaptable to hotter or otherwise changed
conditions, reproduce quickly, and crowd out
native plants.”

Perhaps the greatest such threat now present in
a desert park is not in California but in Saguaro
National Park in Arizona. There, the invader is
buffelgrass, an introduced African species, which
is disrupting the park and nearby areas, primarily
by promoting the spread of wildfire.” As a U.S.
Geological Survey scientist says, “Buffelgrass is
the worst environmental problem we face in the
Sonoran Desert. We're getting ready to see the
unhinging of a unique American ecosystem.”

California desert parks do not now face anything
as severe as the buffelgrass problem in Arizona.
But the National Park Service staff in Joshua
Tree has already documented the extensive
spread into the park of non-native grasses of the
type that can be promoted by an altered climate,
such as red brome and cheatgrass. Among the
effects are changes in the desert's natural fire
regime. Historically, wildland fires in desert
systems such as these were rare and covered
limited areas. Native plant communities evolved
without a tolerance for fires. Over the past 40
years, however, wildfires have been occurring
more frequently and burning larger areas
because of the spread of non-native grasses.”
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LOSS OF WILDLIFE

The desert tortoise, a threatened species, could
be further stressed by a hotter and drier climate
at Death Valley, Joshua Tree, and Mojave. Desert
tortoise populations have been in a state of
decline in the Mojave and Sonoran deserts of
southern California since the 1950s, with average
populations dropping from 200 to only 5 to 60 per
square mile.

Like all reptiles, tortoises have minimal ability to
self-regulate their internal temperature, and when
the air temperature exceeds 91°F or so they
must find shade or retreat to burrows to survive.
Droughts also force the tortoises to spend more
time in their underground burrows to minimize
water loss. The tortoises normally spend about
95 percent of their time in burrows, so more time
there would further limit their ability to search for
food, which itself could be reduced by droughts.

Reproduction also could be affected by hotter
and drier conditions. Females lay fewer eggs
during drought years, and elevated soil
temperatures could threaten eggs that are laid.
The gender of tortoises is determined by soil
temperature during incubation, with only females
being born when temperatures are above about
89°F, so a hotter climate could change gender
ratios. And soil temperatures above 95°F are
lethal to developing young tortoises.”

Desert bighorn sheep in California are also
vulnerable to climate disruption. Of 80 separate
populations that roamed southern California
about 65 years ago, 30 no longer exist. Scientists
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have determined that the local extinctions
occurred most often in the hottest, driest areas.”
Other research in Utah and New Mexico shows
that birth and survival rates of desert bighorn
lambs there go up in wet years and down in dry
years.” So projections for a hotter, drier climate
raises concerns about the desert bighorn's future
across its range, including in California’s desert
parks.

MORE AIR POLLUTION

Death Valley, Joshua Tree, and Mojave already
have excessive levels of ozone, having
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consistently exceeded the old federal health-
based air quality standard, with readings among
the worst anywhere in the national park system.
In 2007, for example, of nearly 50 park units with
monitoring stations in or near the park, Joshua
Tree had the highest measured ozone levels and
the second highest number of days (40)
exceeding the maximum 8-hour average
concentration of the old standard.” In a hotter
climate, achieving and maintaining air quality that
protects people’s health will be even harder,
requiring additional emission control measures.”
(See page 13.)



TACKLING CLIMATE DISRUPTION

To keep California’s national parks such
special places, new efforts will be
needed to protect their resources. Even
more important will be reducing heat-
trapping gases enough to avoid
dangerous climate disruption.

As the risks of a changed climate dwarf all
previous threats to our national parks, new
actions to face these new risks must also be on
an unprecedented scale. Parks should be
managed to preserve their resources at risk, to
adapt as best as possible to unavoidable
changes, and to provide visible leadership in
addressing climate change. Ultimately, of course,
we need to curtail emissions of climate-changing
pollutants enough to reduce their impacts, in
parks and everywhere else.

A full suite of actions by the National Park
Service and others will be needed to protect
national parks and their imperiled resources.
Recommended actions were outlined in section 9
of National Parks in Peril: The Threats of Climate
Disruption, an October 2009 report by the Rocky
Mountain Climate Organization and the Natural
Resources Defense Council.” In September
2010, NPS adopted its first-ever Climate Change
Response Strategy.” It provides an excellent
roadmap, with many of the steps that are needed
and within the Service's control. Now NPS
actions are needed to implement that strategy.
Also, Congress and others need to take
additional actions that are within their areas of
responsibility. Examples include:

e The NPS should consider the combined
effects of climate change and of other
stresses on the resources and values of areas

they manage, and work to reduce all the
stresses that pose critical risks.

NPS should develop area-specific and
resource-specific plans to protect the
particular resources and values most at risk
from climate change and other stresses.
National Park Service officials and managers
should speak out publicly about how climate
change and its impacts threaten the areas for
which they are responsible and the broader
ecosystems on which they depend.

NPS managers should use environmental
education programs to inform visitors about a
changed climate and its impacts in managed
areas and about what is being done to
address climate change and those impacts.
The NPS should require concessionaires in
parks to do so, too.

The Congress and the Administration should
adequately fund NPS actions to address a
changing climate.

The NPS should reduce emissions in its own
operations, and provide information to visitors
on those actions to inspire them to undertake
their own emission reduction actions.

The Congress and the Administration should
rebuild and enhance the scientific and
research capacity the NPS had prior to 1993.

“The focus of the climate change
discussion has largely shifted from
the evidence that climate change is

occurring to what we can do about it.
As stewards of our nation's natural
and cultural heritage, we have an
obligation to act now.”

Jon Jarvis, Director
National Park Service”



PREVENTING DANGEROUS CLIMATE
DISRUPTION

This section contributed by Theo Spencer,
Natural Resources Defense Council

Ultimately, to protect California’s national parks
for the enjoyment of this and future generations,
it will take actions by all of us to reduce
emissions of heat-trapping pollutants enough so
that climate disruption does not overwhelm these
special places.

California must continue strong implementation
of AB 32, the California Global Warming
Solutions Act of 2006. The cornerstones of this
effort are a firm cap that declines over time, cost-
effective energy efficiency, and pursuit of clean
energy resources. Strategies to cut global
warming pollution will protect California's
environment, improve public health, and grow the
economy by stimulating development of new
technologies and processes for reducing
pollution.

The federal government also must lead the way,
with broad, aggressive actions on four essential
fronts:

e Enacting comprehensive mandatory limits
on global warming pollution to reduce
emissions by at least 20 percent below
current levels by 2020 and 80 percent by
2050. This will deliver the reductions that
scientists currently believe are the
minimum necessary, and provide
businesses the economic certainty
needed to make capital investments to
achieve those reductions.

e Protecting the current Clean Air Act
authority of the U.S. Environmental
Protection Agency (EPA). This includes
current authority under the Clean Air Act
to set standards to curb global warming
pollution from vehicles, power plants, and
large industrial sources. The Supreme
Court held in its landmark 2007 decision
that EPA must act if it finds, based on the
science, that carbon dioxide and other
global warming pollutants endanger
public health and the environment.

Accordingly, EPA issued consensus
national standards on April 1 to cut global
warming pollution from new vehicles. And
on May 13, EPAissued a rule requiring
that the biggest new and expanded
pollution sources start applying available
and affordable pollution control measures
starting in 2011.

EPA authority must also be maintained to
institute the tightest pollution controls
necessary to protect public health and the
environment. That includes standards for
the pollution that causes smog and other
dangerous and fatal respiratory ailments,
pollution of hazardous materials like
mercury and dioxin, and dangerous waste
from power plants and other industrial
facilities.

Overcoming barriers to investment in
energy efficiency to lower emission-
reduction costs, starting now. To fully
harness energy efficiency potential, many
opportunities require additional federal,
state, or local policies to unleash
investments that are already cost-
effective even without a price on
greenhouse gas emissions. Policies
include building, industry, and appliance
efficiency (standard) upgrades, as well as
incentives for “smart” transportation and
growth and for advanced vehicles.

Accelerating the development and
deployment of emerging clean-energy
technologies to lower long-term emission
reduction costs. That means incentives
and investments in renewable electricity,
low-carbon fuels, and carbon capture and
storage; a federal renewable-energy
standard; and infrastructure upgrades to
support transmission capacity for these
renewable assets. Finally, regulations are
needed to require any new coal-fired
power plant to capture and permanently
geologically sequester at least 85 percent
of its carbon dioxide emissions, along
with state and federal regulatory
frameworks for site selection, operation,
and monitoring for carbon capture and
geologic storage systems.



For general information on climate change and
its overall impacts, readers are referred to a
report by the U.S. government's Global Change
Research Program, Global Climate Impacts in
the United States, released in 2009, which is
cited in many of the following notes. It is perhaps
the single clearest statement of the current
overall state of scientific knowledge. For any
reader interested in digging deeper, it also lists
several hundred sources on particular points.
The California Climate Change Center also has
many excellent reports on climate change and its
impacts in California.

1. Yosemite National Park [NP], National Park Service
[NPS], “Nature and science,”
http://www.nps.gov/yose/naturescience/.

2. NPS, National Park Service Climate Change Response
Strategy, Climate Change Response Program, NPS, Fort
Collins, CO, 2010, p. 1,
http://www.nature.nps.gov/climatechange/docs/NPS_CCRS.
pdf.

3. U.S. Global Change Research Program [USGCRP], T. R.
Karl, J. M. Melillo, and T. C. Peterson, editors, Global
Climate Change Impacts in the United States, Cambridge
University Press, New York, 2009,
http:/www.globalchange.gov/publications/reports/scientific-
assessments/usimpacts.

4. D. J. Stynes, “National Park Visitor Spending and Payroll
Impacts, 2008,” (Michigan State University, East Lansing,
Michigan, 2009),
http://web4.msue.msu.edu/mgm2/parks/MGM2System2008.
pdf.

5. Data available at NPS, “NPS stats,”
http://www.nature.nps.gov/stats/.

6. Stynes, “Visitor Spending” (see note 4), pp. A-13, A-19.

7. R. B. Richardson and J .B. Loomis, “The effects of global
warming on mountain tourism: A contingent behavior
methodology,” prepared for N. Hobbs and others, “Future
Impacts of Global Climate on Rocky Mountain National
Park: Its Ecosystems, Visitors, and the Economy of Its
Gateway Community — Estes Park,” 2003, pp. 16-17,
http://www.nrel.colostate.edu/projects/star/papers/2003_final
_report.pdf; J. B. Loomis and R. B. Richardson, “An external
validity test of intended behavior: Comparing revealed
preference and intended visitation in response to climate
change,” Journal of Environmental Planning and
Management, 49: 4,(2006), pp. 621-630; see also F.G.
Sussman and others, “Effects of Global Change on Human
Welfare,” in USCCSP, Analyses of the effects of global

change on human health and welfare and human systems,
J. L. Gamble, ed., U.S. Environmental Protection Agency,
Washington, DC, 2008, pp. 111-168, 148,
http://www.globalchange.gov/publications/reports/scientific-
assessments/saps/308.

8. D. Scott and B. Jones, “Climate change & nature-based
tourism: Implications for park visitation in Canada,”
University of Waterloo, Waterloo, ON, 2006, available at
www.fes.uwaterloo.ca/u/dj2scott.

9. USGCRP, Climate Change Impacts (see note 3).
10. USGCRP, Climate Change Impacts (see note 3), p. 9.

11. Intergovernmental Panel on Climate Change [IPCC],
“Summary for Policymakers,” S. Solomon and others,
authors, in IPCC, Climate Change 2007: The Physical
Science Basis, S. Solomon and others, eds., Cambridge
University Press, Cambridge, U.K., 2007, pp. 3, 8, http://
www.ipcc.ch/pdf/assessment-report/ar4/wg1/ar4-wg1-
spm.pdf.

12. USGCRP, Climate Change Impacts (see note 3), pp. 16,
19, 20; IPCC, “Technical Summary”, in IPCC, The Physical
Science Basis (see note 11), p. 60.

13. USGCRP, Climate Change Impacts (see note 3), p. 22.
14. USGCRP, Climate Change Impacts (see note 3), p. 22.

15. Projected temperature changes by 2070-2099 are from
bias-corrected and spatially downscaled climate projections
derived from Coupled Model Intercomparison Project
(CMIP3) data, available at http://gdo-
dcp.uclinl.org/downscaled_cmip3_projections/. For an
explanation, see E. P. Maurer and others, “Fine-resolution
climate projections enhance regional climate change impact
studies,” Eos, Transactions, American Geophysical Union,
88 (2007), no. 47, 504. The areas used for each projection
is a single-cell grid, 1/8 of a degree of longitude by 1/8 of a
degree of latitude, in the national park; coordinates are
available in a technical fact sheet at
http://www.rockymountainclimate.org/programs_11.htm. .
Emission scenarios used are scenarios B1 (“lower-
emissions”) and A2 (“higher-emissions”). Projected changes
in the middle columns are averages of the differences of
each model for 2070-2099 compared to its modeled results
for 1961-1990. The comparisons in the right-hand column
are between (1) mean annual temperatures for 1961-1990
(except as noted) of a weather station in or near each
national park plus the average projected increase for that
park by 2070-2099 using the A2 scenario and (2) mean
annual temperatures for 1961-1990 (except as noted) of a
weather station in the indicated location. Mean annual
temperatures obtained from the Western Regional Climate
Center, http://www.wrcc.dri.edu/Climsum.html. Weather
stations used are: for Golden Gate, Richmond and Santa
Monica Pier; Joshua Tree, Twentynine Palms and Death



Valley (1962-1990); Mojave, Baker (1972-1989) and Death
Valley; Muir Woods, Kentfield and San Diego Airport; Point
Reyes, Fort Ross and Santa Barbara Airport; Redwood,
Klamath and Santa Barbara Airport; Sequoia/Kings Canyon,
Grant Grove and Fort Ross; and Yosemite, Yosemite Park
Headquarters and Sacramento Airport. and The identity of
the models and runs used, the grid locations for the
projections, and weather stations are available in a technical
fact sheet posted at

16. D. Cayan and others, “Climate change scenarios and
sea level rise estimates for the California 2009 climate
change scenarios assessment,” Public Interest Energy
Research Program, California Energy Commission, 2009,
pp. 6-12.

17. USGCRP, Climate Change Impacts (see note 3), p. 23.

18. USGCRP, Climate Change Impacts (see note 3), pp. 22-
23.

19. USGCRP, Climate Change Impacts (see note 3), p. 23.
20. USGCRP, Climate Change Impacts (see note 3), p. 23.

21. Cayan, “Scenarios and sea level rise” (see note 16), pp.
13-30.

22. J. S. Baron and others, “National Parks,” in U. S.
Climate Change Science Program [USCCSP], Preliminary
review of adaptation options for climate sensitive
ecosystems and resources, S. H. Julius and J. M. West,
eds., U. S. Environmental Protection Agency, Washington,
DC, 2008, p. 4-4,
http://downloads.climatescience.gov/sap/sap4-4/sap4-4-
final-report-all.pdf.

23. Cayan, “Scenarios and sea level rise” (see note 16).

24. Figure obtained from IPCC, “Figures and tables,” figure
3-1, http://www.ipcc.ch/publications_and_data/
publications_and_data_figures_and_tables_IPCC_AR4_syn
thesis_report_SYR.htm.

25. USGCRP, Climate Change Impacts (see note 3), pp. 22-
23.

26. S. Moser and others, “The future is now: An update on
climate change science impacts and response options for
California,” Public Interest Energy Research Program,
California Energy Commission, 2009, p. 40,
http://www.energy.ca.gov/2008publications/CEC-500-2008-
071/CEC-500-2008-071.PDF; R. Moss and others, Towards
New Scenarios for Analysis of Emissions, Climate Change,
Impacts, and Response Strategies. IPCC, Geneva,
Switzerland, 2009, http://www.ipcc.ch/pdf/supporting-
material/expert-meeting-report-scenarios.pdf.

27. USGCRP, Climate Change Impacts (see note 3), p. 28.
28. See note 15.

29. J. Lundquist and J. Roche, “Climate change and water
supply in western national parks,” Park Science 26:1, 2009,
pp. 31-34, http://www.nature.nps.gov/ParkScience/
archive/PDF/ParkScience26(1)Spring2009.pdf.

30. Lundquist, “Climate change and water supply” (see note

25

29).

31. Sequioa/Kings Canyon NPs, NPS, “Water resources
overview,” http://www.nps.gov/seki/naturescience/water.htm.

32. Lundquist, “Climate change and water supply” (see note
29).

33. Lundquist, “Climate change and water supply” (see note
29).

34. H. Basagic, “Quantifying twentieth century glacier
change in the Sierra Nevada, California,” M. S. thesis,
Portland State University, 2008,
http://www.glaciers.pdx.edu/Thesis/Basagic/basagic_thesis_
2008.pdf; Office of Environmental Health Hazard
Assessment, California Environmental Protection Agency, L.
Mazur and C. Milanes, eds., Indicators of Climate Change in
California, 2009, pp. 86-90,
http://oehha.ca.gov/multimedia/epic/pdf/ClimateChangelndic
atorsApril2009.pdf.

35. P. van Mantgem and N. Stephenson, “Apparent
climatically induced increase of tree mortality rates in a
temperate forest,” Ecology Letters 10, 2007, pp. 909-916;
Office of Environmental Health, Indicators (see note 34), pp.
127-130.

36. Moser, The Future Is Now (see note 26), pp. 19-20;
USGCRP, Climate Change Impacts (see note 3), p. 81.

37. J. Lenihan and others, “The response of vegetation
distribution, ecosystem productivity, and fire in California to
future climate scenarios simulated by the MC1 dynamic
vegetation model,” Public Interest Energy Research
Program, California Energy Commission, 2006, pp. 6-7,
http://www.energy.ca.gov/2005publications/CEC-500-2005-
191/CEC-500-2005-191-SF.PDF.

38. J. H. Thorne and others, “The development of 70-year
old Wieslander Vegetation Type Maps and an assessment
of landscape change in the central Sierra Nevada,”
California Energy Commission, Public Interest Energy
Research Program, Sacramento, CA, 2006; Office of
Environmental Health, Indicators (see note 34), pp. 137-
142.

39. C. Sydoriak, chief, Division of Resources Management
and Science, Sequoia and Kings Canyon National Parks,
personal communications (emails to S. Saunders, Apr. 22,
2009, and to S. Saunders and T. Easley, Oct. 15, 2010); N.
L. Stephenson, research ecologist, Western Ecological
Research Center, U.S. Geological Survey (email to S.
Saunders and T. Easley, Oct. 15, 2010).

40. D. Parsons, Sequoia and Kings Canyon National Parks,
symposium presentation, reprinted in Sequoia and Kings
Canyon national parks, NPS, “Objects or ecosystems?
Giant sequoia management in national parks,”
http://www.nps.gov/seki/naturescience/fic_obj_eco.htm.

41. A. Westerling and B. Bryant, “Climate change and
wildfire in and around California: fire modeling and loss
modeling,” Public Interest Energy Research Program,
California Energy Commission, 2006; Lenihan, “Vegetation,
ecosystem, and fire” (see note 37).

42.T. J. Perfors, J. Harte, and S. Alter. “Enhanced growth



of sagebrush (Artemisia tridentate) in response to
manipulated ecosystem warming,” Global Change Biology
9:5, 2003, pp. 736-742. See also F. Saavedra, and others,
“Changes in flowering and abundance of Delphinium
nuttalianum (Ranunculaceae) in response to a subalpine
climate warming experiment,” Global Change Biology 9:6,
2003, pp. 885-894.

43. D. W. Inouye, “Effects of climate change on phenology,
frost damage, and floral abundance of montane
wildflowers,” Ecology 89:2, 2008, pp. 353-362.

44. IPCC, “Ecosystems, their properties, goods, and
services,” A. Fischlin and others, authors, in IPCC, Climate
Change 2007: Impacts, Adaptation and Vulnerability, M. L.
Parry and others, eds., Cambridge University

Press, Cambridge, UK, 2007, p. 213.

45. USGCRP, Climate Change Impacts (see note 3), p. 82.

46. USGCRP, Climate Change Impacts, (see note 3), pp.
80-81.

47. See, for example, C.E. Burns, K.M. Johnson, and O.J.
Schmitz, “Global change and mammalian species diversity
in U.S. national parks,” Proceedings of the National
Academy of Sciences 100:20, 2006, pp. 11474-11477.

48. D. F. DeSante, P. Pyle, and D. R. Kaschube, “The
monitoring avian productivity and survivorship (maps)
program in Sequoia and Kings Canyon and Yosemite
national parks and Devil's Postpile national monument: A
comparison between time periods and locations, 2005,
http://science.nature.nps.gov/im/units/sien/monitoring/Repor
ts/SIEN_%20MAPSReport_desante_20050112.pdf.

49. C. Moritz, Final Report: A Re-survey of the Historic
Grinnell-Storer Vertebrate Transect in Yosemite National
Park, California, Museum of Vertebrate Zoology, 2007,
http://mvz.berkeley.edu/Grinnell/pdf/2007_Yosemite_report.
pdf; C. Moritz and others, “Impact of a century of climate
change on small-mammal communities in Yosemite National
Park, USA,” Science 322, 2008, pp. 261-264; Office of
Environmental Health, Indicators (see note 34), pp. 155-
160.

50. Burns, “Global change and mammalian species” (see
note 47), pp. 11474-11477.

51. K. R. Matthews and H. K. Preisler, “Site fidelity of the
declining amphibian Rana Sierrae (Sierra Nevada yellow-
legged Frog),” Canadian Journal of Fisheries and Aquatic
Sciences 67, 2010, pp. 243-255; I. Lacan, K. Matthews,
and K. Feldman, “Interaction of an introduced predator with
future effects of climate change in the recruitment dynamics
of the imperiled sierra Nevada yellow-legged frog (rana
sierrae),” Herpetological Conservation and Biology 3:2,
2008, pp. 211-223, http://www.Treesearch.Fs.Fed.Us/
Pubs/33938.

52. Air Resources Division, NPS, “Annual data summary
2007,” Denver, Colorado, 2008, http://www.nature.nps.gov/
air/Pubs/pdf/ads/2007/GPMP-XX.pdf.

53. USGCRP, Climate Change Impacts (see note 3), p. 108.

54. See note 15.

26

55. Cayan, “Climate change scenarios” (see note 16).

56. Point Reyes NS, NPS, “Rising sea levels endanger
Point Reyes beaches,”
http://www.nps.gov/pore/naturescience/climatechange_risin
gsealevels.htm.

57. E. A. Pendleton, E. R. Thieler, and S.J. Williams,
“Coastal vulnerability assessment of Point Reyes National
Seashore (PORE) to sea-level rise,” Woods Hole Science
Center, U. S. Geological Survey, 2006,
http://pubs.usgs.gov/of/2005/1059/index.html.

58. Point Reyes NS, NPS, “Rising sea levels endanger
Point Reyes beaches,” http://www.nps.gov/pore/
naturescience/climatechange_risingsealevels.htm.

59. Point Reyes NS, NPS, “Climate change threatens
cultural resources,” http://www.nps.gov/pore/
naturescience/climatechange_culturalresources.htm.

60. E. A. Pendleton, E. R. Thieler, and S. J. Williams,
“Coastal vulnerability assessment of Golden Gate
NationalRecreation Area to aea-level rise,” \Woods Hole
Science Center, U.S. Geological Survey, 2005,
http://pubs.usgs.gov/of/2005/1058/.

61. Point Reyes NS, NPS, “Climate Change Threatens
Cultural Resources,” http://www.nps.gov/pore/
naturescience/climatechange_culturalresources.htm;
Golden Gate NRA, NPS, “Global warming and Golden
Gate”,
http://www.nps.gov/goga/naturescience/loader.cfm?csModul
e=security/getfile&pageid=210582.

62. Golden Gate NRA, NPS, “Sea level is rising now!”,
public display, reprinted at http://www.nps.gov/goga/
naturescience/loader.cfm?csModule=security/getfile&Pagel
D=280518.

63. Golden Gate NRA, NPS, “Global warming and Golden
Gate”, http://www.nps.gov/goga/naturescience/
loader.cfm?csModule=security/getfile&pageid=210582.

64. K. Bensen, fish and wildlife biologist, Redwood National
andState Parks, NPS, personal communications (email to
and telephone conversation with S. Saunders), Oct. 20,
2010.

65. Point Reyes NS, NPS, “Harbor seal monitoring at Point
Reyes National Seashore and Golden Gate National
Recreation Area,” http://www.nps.gov/pore/parkmgmt/
upload/rps_harbor_seal_monitoring_070529.pdf.

66. Point Reyes NS, NPS, “Drakes Estero, a superlative
estuary in Point Reyes National Seashore,”
http://www.nps.gov/pore/parkmgmt/upload/planning_drakes
estero_superlatives 060302.pdf.

67. K. Bensen, fish and wildlife biologist, Redwood National
and State Parks, NPS, personal communications (email to
and telephone conversation with S. Saunders), Oct. 20,
2010.

68. D. P . MacMynowski and T. L. Root, “Climate change
and the timing of Songbird migration in California: Focus on
coastal central and northern regions,” Public Interest Energy
Research Program, California Energy Commission, 2007,



http://www.energy.ca.gov/2007publications/CEC-500-2007-
010/CEC-500-2007-010.PDF; North American Bird
Conservation Initiative, U.S. Committee, The State of the
Birds 2010 Report on Climate Change, U.S. Department of
the Interior, Washington, DC., 2010.

69. See for example J. Price, “Global Warming & Songbirds:
California,” American Bird Conservancy and National
Wildlife Federation, supplement to J. Price and P. Glick, The
Birdwatcher's Guide to Global Warming, report of American
Bird Conservancy and National Wildlife Federation, 2004,
http://www.abcbirds.org/newsandreports/special_reports/glo
balwarming/California.pdf.

70. D. Stralberg and others, “Re-shuffling of species with
climate disruption: A no-analog future for California birds?,”
PLoS ONE 4:9, e6825, http://www.plosone.org/article/
info%3Adoi%2F10.1371%2Fjournal.pone.0006825.

71. Redwood National and State Parks, NPS, “About the
trees,” http://www.nps.gov/redw/naturescience/about-the-
trees.htm.

72.J. A. Johnstone and T. E. Dawson, “Climatic context and
ecological implications of summer fog decline in the coast
redwood region,” PNAS online Early Edition, 2010, pp. 1-5,
www.pnas.org/cgi/doi/10.1073/pnas.0915062107.

73. K. Bensen, fish and wildlife biologist, Redwood National
and State Parks, NPS, personal communications (email to
and telephone conversation with S. Saunders), Oct. 20,
2010.

74. Golden Gate NRA, NPS, ““Global warming and Golden
Gate”, http://www.nps.gov/goga/naturescience/
loader.cfm?csModule=security/getfile&pageid=210582.

75. See note 15.

76. Data available at NPS, “NPS stats,”
http://www.nature.nps.gov/stats/.

77.F. G. Sussman and others, “Effects of Global Change
on Human Welfare,” in CCSP, Analyses of the effects of
global change on human health and welfare and human
systems, J. L. Gamble, ed., U. S. Environmental Protection
Agency, Washington, DC, 2008, pp. 111-168, 142,
http://www.globalchange.gov/publications/reports/scientific-
assessments/saps/308.

78. K. Cole and others, “Past and ongoing shifts in Joshua
tree support future modeled range contraction,” Ecological
Society of America, in press, pp. 1-4, 24. The emissions
scenario used in this study is scenario A1B, with emissions
higher than the “lower-emissions” scenario (B1) for most of
the century, but declining beginning in mid-century to about
the same level at century's end as B1 assumes.

79. USGCRP, Climate Change Impacts (see note 3), p. 90.

80. Joshua Tree NP, NPS, “Joshua Trees,”
http://www.nps.gov/jotr/naturescience/jtrees.htm.

27

81. L. A. DeFalco and others, “Desert wildfire and severe
drought diminish survivorship of the long-lived Joshua tree,”
American Journal of Botany 97, 2010, pp. 243-250.

85. USGCRP, Climate Change Impacts (see note 3), p. 83.

82. USGCRP, Climate Change Impacts, (see note 3), p. 83.

83. T. C. Esque and others, “Buffelgrass fuel loads in
Saguaro National Park, Arizona, increase fire danger and
threaten native species,” Park Science 24:2, 2007,
http://www.nature.nps.gov/ParkScience/print.cfm?PrintForm
at=pdf.

84. M. Murphy, “Freeze-free desert,” Southwest Climate
Change Network, 2008,
http://www.southwestclimatechange.org/feature-
articles/freeze-free-desert.

85. Joshua Tree NP, NPS, Joshua Tree National Park Fire
Management Plan Environmental Assessment, 2005, p. 1-3,
http://www.nps.gov/jotr/parkmgmt/upload/fire.pdf.

86. Defenders of Wildlife, “Desert tortoise,”
http://www.defenders.org/wildlife_and_habitat/wildlife/
desert_tortoise.php#.

87. C. W. Epps and others, “Effects of climate change on
population persistence of desert-dwelling mountain sheep in
California,” Conservation Biology 18:1, 2004, pp. 102-113.

88. C. L. Douglas, “Weather, disease, and bighorn lamb
survival during 32 years in Canyonlands National Park,”
Wildlife Society Bulletin 29:1, 2001, pp. 297-305; L.C.
Bender and M.E. Weisenberger, “Precipitation, density, and
population dynamics of desert bighorn sheep on San Andres
National Wildlife Refuge, New Mexico,” Wildlife Society
Bulletin 33:3, 2005, pp. 956-962.

89. Air Resources Division, NPS, “Annual data summary
2007,” Denver, Colorado, 2008, http://www.nature.nps.gov/
air/Pubs/pdf/ads/2007/GPMP-XX.pdf.

90. USGCRP, Climate Change Impacts (see note 3), p. 108.

91. S. Saunders and T. Easley, principal authors, National
Parks in Peril: The Threats of Climate Disruption, report of
the Rocky Mountain Climate Organization and Natural
Resources Defense Council, Denver, CO, 2009,
http://www.rockymountainclimate.org/programs_6.htm.

92. NPS, Climate Change Response Strategy, 2010,
http://www.nature.nps.gov/climatechange/docs/NPS_CCRS.
pdf.

93. J. Jarvis, director, NPS, testimony, Subcommittee on
National Parks, Committee on Energy and Natural
Resources, U.S. Senate, Oct. 28, 2009,
http://energy.senate.gov/public/index.cfm?FuseAction=Heari
ngs.Testimony&Hearing_ID=5a2ad7e2-0fd3-4ea2-1028-
d22bfb502e87&Witness_ID=1a7d865e-8bf0-4dae-abe2-
4a4023c2383f.





