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Goals of National Park Resource Management

Leopold Report (1963)

“...biotic associations be maintained, or where necessary recreated, as
nearly as possible to the condition that prevailed when the area was first
visited . ..A national park should represent a vignette of primitive America.”
Revisiting Leopold (2012)

“to steward NPS resources for continuous change that is not yet fully
understood, in order to preserve ecological integrity and cultural and
historical authenticity, provide visitors with transformative experiences,
and form the core of a national conservation land- and seascape.”
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NH temperature anomaly (°C from 1881-1980)
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Human activities cause climate change
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Anthropogenic Climate Chan 4, Area of 417 US national parks
. Trend statistically significant p <0.0001
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Annual Average Temperature Increase,1895-2016
Joshua Tree National Park

Gonzalez et al. 2018 Environmental Research Letters
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Detection of Changes and Attribution of Causes

Detection
Finding of statistically significant changes from natural variability

Attribution
Determination of relative importance of different factors;

generally for at least 30 years data

Intergovernmental Panel on Climate Change. Climate Change 2014: Impacts, Adaptation, Vulnerability. Cambridge University Press, Cambridge, UK.
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Muir Glacier

X
2004 Glacier Bay National Park,/Alaska, USA

photo by Bruce F. Molhia




ted glaciers, causing two-thirds of ice melt

World Glacier Monitoring Service 2012
ernmental Panel on Clima Change 2013
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Climate change, habitat loss, and fungal disease caused extinctions
of over 70 amphibian species in Costa Rica, 1971-1998

Pounds et al. 2006 Nature
Intergovernmental Panel on Climate Change 2014
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Golden toad, sapo dorado (Incilius periglenes)
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Climate change doubled wildfire area across the western US 1984-2015

Abatzoglou and Williams 2016 Proceedings of the National Academy of Sciences of the USA
Lictell et al. 2009 Ecological Applications
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Colorado River drought caused by record heat of anthropogenic climate change
-and extremely low precipitation, 2000-present

Udall and Overpeck 2017 Water Resources Research
Xiao et al. 2018 Water Resources Research
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Yosemite National Park, California, USA
PIIE] data NOAA, analysis P. Gonzalez i photo P. Gonzalez




‘Climate change has shifted boreal forest onto tundra
in Noatak National Prgggrve IBOO-I”Q e

Suarez et al. 1999 Ecoscience
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Noatak National Preserve, Alaska USA
photo © D. Betchkal




Climate change has shifted temperate broadleaf forest upslope
into sub-alpine shrubland in New Zealand

Wardle and Coleman 1992 New Zealand Journal of Botany

Fjordland National Park, New Zealand
photo P. Gonzalez







Clark et al. 2003. Proceedings of the National Academy of Sciences of the USA
Clark et al. 2010. Global Change Biology

Estacién Biolégica La Selva, Costa Rica
photo P. Gonzalez




Climate change shifted quiver trees (Aloe dichotoma) southward in the Namib
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Climate change reduced forest insect abundance 75- 98% in Puerté eg, I976:20I2

Lister and Garcra 2018 Proceedings of the Natjonal Academy of Sccences of thé USA
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Climate change reduced bird species richness 40% in Mojave Desert national parks
and protected areas, I908 20I6
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54 national parks 1975-2004
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@[T EY WG ER LRGNl small mammal ranges upslope in Yosemite National Park

1920-2006

Moritz et al. 2008 Science
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Climate change has raised sea level 22 cm
in Golden Gate National Recreation Area, 1854-2018

Sea Level

1850 1930 010

Tidal gauge, San Francisco San Francisco and Golden Gate National Recreation Area
National Oceanic and Atmospheric Administration California, USA, photo P. Gonzalez




Bulletin of the Amel
‘Rayner et al 2003 Journal of Geophysical Research
Intergovernmental anel on Elimate Change 2013

Observations

Point Bonita, Golden Gate National Recreatioh Area

alifornia Current historical and projected - - 7 vl 2
change from 1976-2005 average : —— S AL California USA
< Z 3 - 2 photo P. Gonzalez

Ocean temperature relative to 1976-2005




Climate change has bleached coral reefs in globally since 1980

Intergovernmental Panel on Climate Change 2014 =
Hughes et al. 2018 Science
Gleckler et al. 2012 Nature Climate Change
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Projected Temperature Change 2005-2100 +I to 3.7°C per century

Emissions Reductions Scenario (RCP2.6) Highest Emissions Scenario (RCP8.5)

Intergovernmental Panel on Climate Change. 2013. Climate Change 2013: The Physical Science Basis. Cambridge University Press, New York, NY.



Anthropogenic Climate Change 10, Highest emissions (RCP8.5)
Projected Temperature Increase G 91 High emissions (RCP6.0)
Highest Emissions, 2000-210 o ~8
‘ N o ~|lg & 7/ Reduced emissions (RCP2.6)
Gonzalez et al. 2018 T S |2 e Historical
Environmental Research Le S | S 3 6 L
e ®5
e, | |
EE
23
& I A f US national
e e A 1 rea of 417 national parks
USA +5.3 +1.2°C century™

2000 2050 2100

R
“ #

NPS +5.9 +1.3°C century”'

A

+3 - QY0

3 ¢ iy z - \
; P N
:—\ = DAL S |
mean annual temperature increase (°C century™") " f (o ey O p R




©
o
=

[+4]
s
(=
o
£
o
()
—
©
E
©
z
o
-
-
=
<
o
-
<
-—
=
e
=
=z
«
“
>
o
9
«
z

Ay
@) &
wMOo UNEP

Projected Precipitation Change 2005-2100 +0.5 to | 1% per century

Highest Emissions Scenario (RCP8.5)

v N
I /)]
i Y \
M \\\»

N

\\

i / \ES\ )
. \\\\\\“\“\ , “
\ Y U
\\\x

Emissions Reductions Scenario (RCP2.6)

-40 -30

50

Intergovernmental Panel on Climate Change. 2013. Climate Change 2013: The Physical Science Basis. Cambridge University Press, New York, NY.



’ ‘('Highest emissigris (FTCPS 5)

H|gh emissions (RCP6 0)

Reduced emlss

ns (RCP2. 6)
Historical I I

Area of 417 US national parks

2000 2050 2100

Anthropogenic Climate Change ~1500
Projected Precipitation Change ik 2‘1 400
Highest Emissions, 2000-210 o E
% > < P E4 300
Gonzalez etal. 2018 -, Ty, < |6
Environmental Research Le N :¢§1 200
121100
@
21000
é 900
mean + SD decrease © 800
USA +11 £22% century’ 0.16
NPS +21 +14% century' 0.05

0

annual precipitation change (% century™)




Climate Change Projections
Muir Woods National Monument, California, USA
Difference between 1971-2000 and 2071-2100 averages
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Climate change could increase fire frequency 300-1000% by 2100
in Yellowstone National Park

Westerling et al. 201 | Proceedings of the National Academy of Sciences of the USA

High Emissions Scenario A2

A
Norris Geyser Basi:,‘gugust 20, 1988
Yellowstone National Park, Wyoming, USA
photo Jeff Henry




Clir ‘al:e change increases risks of.tree mortahty of uprto a half

in conlfer for’elsts of the Soua)west
¢ S

McDowell et al 20|6 Nature Climate Change e )
Buotte et al:2019 Global Change B;ology. :
Goulden and Bales 201 9 Nar.ure Geoscience

Yosemite National Park, California USA
photo P..Gonzalez




Indonesian rainforest is vulnerable to dieback at temperature increases above 4°C

Zelazowski et al. 2010 Proceedings of the Royal Society A

Taman Nasional Gunung Leuser (National Park)
Sumatra, Indonesia
photo P. Gonzalez




#es widBspread risks of invasive speties
Early et al. 2016 Nature CO%’ﬁ’i, : o | = 3 : g : : >
Baxendale and Tessier 2015, Plant:S
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Volunteers pullir;g Japanese knotweed (Fallopia-japonicg)
Rock Creek Park, Washington, DC, USA
-~ photo C. Férranto




Climate change increases risk of mortality of Joshua trees
in Joshua Tree National Park :

Sweet et al. 2019 Ecography

Barrows and Murphy-Mariscal 2012 Biological Conseryation
Cole et al. 201 ] Ecological Applications

Dole et al. 2003 Global and Planetary Change




Island ecosystems particularly vulnerable to invasive species under climate change
due to small populations and evolutionary isolation

Intergovernmental Panel on Climate Change 2014
Russell et al. 2017 Environmental Conservation
Harter et al. 2015 Perspectives in Plant Ecology, Evolution, and Systematics

Low thmkets of Chinese guava (Ps:dlum cattlei nunfn
= Black River Garges National Park,’MaunJ f §




Climate change increases risk to the Monarch butterfly of an upslope shift and loss
of oyamel pine (Abies religiosa) habitat in Mexico

Saenz-Romero et al. 2012 Forest Ecology and Management
Brower et al. 2009 Insect Conservation and Diversity
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Mariposa monarca (Danaus plexippus)
photo Comisién Nacional para el Conocimiento y Uso de la Biodiversidad, México
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Gonzalez, P, R.P. Neilson, J.M. Lenihan, and R.J. Drapek. 20 10. Global Ecology and Biogeography.
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|cial;wqodlands are highly vulnerable
Ae 5 sdue to climate change
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Kanha National-Park, India®




Climate change increases the risk of loss of pika
from some mountain areas, including
Lassen Volcanic National Park

Stewart et al. 2015 Journal of Biogeography
Beever et al. 2016 Journal of Mammalogy

Ensemble, RCP 8.5
75 % extirpation

Sacramento




Radiatec Birtoise (Geochelone radiata) is vulnerable to heat stré
change-and to hunting

4 e ‘Q:.

Irwin et al. 2010 Biological Conservation

0 Twmpetsotsa, Madagascar
L photo P. Gonzalez




Climate change in€reases risk of,genetic isolation of desert bighorn sheep

in southern, California duesto upslope shifts of suitable climate

Epps et al. 2004 Conservation Biology ® % - -

Epps et al. 2006 Molecular Ecology

Desert bighorn sheep (Ovis canadensis nelsoni)
Joshua Tree National Park, California, USA
photo G. Puig-Santana




Climate change increases risks of more decade-long droughts in the Southwest
and more reductnons of Colorado R’aWer flow

5.1 i R T ST Nl
.ca“ék' -al, 2015 Sciénce 4 ; '
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Grand Canyon National Park, Anzona, USA
o photo P, Gonzalez >
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Clinate change may reduce suitable stream habitat by up to half Rz
for salamanders in three mid-Atlantic natlonal parks

Grant etal. 2014 Jou al of: Herpetology
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Climate change increases risk of lethal water temperatures for salmon spawnlng
in Cook Inlet and Lake Clark National Park streams

Mauger et al. 2017-Canadian Journal of Fisheries-andiAquatic Sciences

Maximum Weekly Maximum Tomperature (*C)
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Sockeye salmon (Ogcorhynchus nerka)
Lake Clark National Park, Alaska, USA
photo US National Park Service




‘Ocean acidification can.:dlsgsolve coralsgn the Carlbbean

lncludlngln‘ﬁQnag.pnsﬁ:arks % :
Langdon et al. 2018 Umnolomwhy

Intergovernmental Panel on Climate Giiifige 2014
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Nerthesn elephantiseals (Mirounga angustirgsteis)
Reyes National Seashore; California, USA
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Conserving climate change refugia in Joshua Tree Nagional®Rae ==

Sweet et al. 2019 Ecosphere
Barrows et al. 2014 Biodiversity and Conservation

Pa o

A Macroplots
[) 9TNP Park Boundary ) S
I 20702099 Modeled Suitable Habitat, s : . sy : Sk 3 P L a ... 17| Nichelas Graver copducts plant inventory near a refugium
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brook trout (Salvelinus fontinalis) Whiteoak Canyon
Shenandoah National Park, Virginia, USA Shenandoah National Park, Virginia, USA
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Prescribediburnin

North et al. 2015 Science
Stephens et ali 2013 Science
Van Mantgem et al. 2016 Fire Ecology
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Adaptation options
Crissy Field, Golden Gate National Recreation Area

ADAPT HISTORIC COAST GUARD STATION, RAISE FINISH FLOOR
ELEVATION TO 13.5
ADD DUCKBILL FLAPS AND PUMP STATIONS

REMOVE FORMER COMMISSARY AND EXPAND MARSH

RIPRAP AND SEAWALL TO PROTECT EAST
BEACH

o

&}{; = WETLAND
i

CMG 2016



Conservation corridors for habitat
connectivity under climate change

Barnosky et al. 2017 Science

Canada
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Nurseries to raise local corals resistant to bleaching in Biscayne National Park

-~
Lirman et al. 2010 Coral Reefs
Schopmeyeret al. 2017 Coral Reefs

-

Biscayne Natignal Park, Flo
bhoto




Anthropogenic Climate Change
in Ecosystems and Protected Areas

. Human cause of climate change
. Historical impacts

. Future risks

. Adaptation

. Carbon solutions

Berkeley

UNIVERSITY OF CALIFORNIA




Coast redwood attains the highest
carbon density in the world
2600 tons per hectare

Van Pelt et al. 2016 Forest Ecology and Management
Busing and Fujimori 2005 Plant Ecology 4

al Monument, Cahforﬁl 1 USA

photo P (Fonzalezt'_




Amazon rainforest
90-320 tons/ha

Baker et al. 2004 Philosophical Transactions Royal Society B
Gonzalez et al. 2014 Forest Ecology and Management

b Parque_'h:laciona'l fMgd-Chemillén, Pert,
R A photo P. Gonzalez




IMangroye soils and peat
300-1000 tons/ha

Amazonian mangrove forest
Parque Nacional de Anavilhanas, Brasil
photo P. Gonzalez




Protected areas ~15% of global land Vegetation Carbon

Mavimum Density
2700t Carbon ha™!
Aboaeground Biomas
Coasst Rechwond Forest
California. USA

{ P .
- P A Vegetation Carbon
> 3 Above- and Belowground Biomass 1993
D 1 g Data Loveland, TR B.C. Reod, M Brdan, D.O. Oblen, Z. Zhe, L2 nd LW, Merchant. 2000, Iivnvu;- M Jowmal of Rernote Sensing.
Yeirestrial Protected Areas T e A N e 00Ok e el iy 0 Do
Buning, R.T e 1. Fugmeorni. 2005. Plant Ecology.
Ocrober 2014 Analysis Matthews, €, R, Fayne, M, Robweder, a0 5, Murray, 2000, Workd Resources s
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Plant Species Richness

10 Kreft and Jez 2007
Pr dings National Academy of Sci USA




Ecosystem Carbon

U.S. National Parks in California
store 42 + 15 million tons of carbon

Equivalent to 1 year of carbon emissions
from 7.4 = 2.6 million Americans

Population of the cities of:
Boston

Charlotte

Dallas

Kansas City

Los Angeles

Miami

Gonzalez et al. 2015 Forest Ecology and Management

US \\\\\J‘\_‘\‘
National Parks
California
Aboveground
Carbon

2010

(Gonzalez et al. 2015
Forest Ecology
and Management)
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U.S. Climate Alliance cut greenhouse gas emissions 147 from 2005 to 2016

California, Colorado, Connecticut, Delaware, Hawaii, lllinois, Maine, Maryland, Massachusetts, Michigan, Minnesota, Montana, Nevada, New Jersey, New Mexico, New York, North Carolina, Oregon,
Pennsylvania, Puerto Rico, Rhode Island,Yermont,Virginia, VWashington, YVisconsin

USS. Climate Alliance 2018 Annual Report

Parin Agreemant target. 20 3% e 2000

o San Gorgonio Pass
Adjacent to JoshuaTree National Park, California, USA
. photo P. Gonzailez




from 2010 to 2015

National Park Service 2016 Golden Gate NRA Climate Change Action Plan
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IDCC @@

INTERGOVERNMENTAL PANEL oN ClimaTe chanee whMo UNEP

Limiting global temperature increase to <2°C is possible with global action

Global temperature increase (°C), relative to 1850-1900

2.0 -
s con Possible tempe
4 Historical temperature Wi iscions reductions
1.5 J : i =
Observed monthly global | / ‘/"
| mean surface temperature | S
Estimated anthropogenic |
104 Wwarming todate and P
likely range | :' . 0 A
| }‘]',7 i ! ‘ Likely range of modeled responses to stylized pathways 1

| R 1 Ui & [[]Global CO2 emissions reach net zero in 2055 while net
‘ [N L t ‘ - non-CO2 radiative forcing is reduced after 2030 (grey in b, c & d)
0.5 - | 1)
il il ( |

LR 2017 l—) [[]1Faster CO2 reductions (blue in b & ¢) result in a higher
probability of limiting warming to 1.5°C

e b | [[INo reduction of net non-CO: radiative forcing (purple in d)
TRk R [ﬂ( , results in a lower probability of limiting warming to 1.5°C

T T T T T 1
1960 1980 2000 2020 2040 2060 2080 2100

Intergovernmental Panel on Climate Change (IPCC). 2018. Special Report on Global Warming of 1.5°C. IPCC, Geneva, Switzerland.



i , b i Pubﬁ;transng{oYosemlte Natlonal Park.

Yose:mite Area Regiona! Transit System (Y. ABTs). ' p
Public transit to Yosemite National Park, California, USA :‘ ‘_ - r:ed u C r;een ho u Se gas em Iss l o n s
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