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Burning for tropical deforestation and clearing peatl

generated carbon emissions of 1.8 + 0.3 billion tonsiperiyear 20002,

Zheng et al. 2021 Science Advances
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Temperature Difference from Pre-Industrial Period, 1850-1900 (°C)

Anthropogenic Climate Change Has Increased Global Temperature
to its Highest Level in 120 000 Years
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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
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Climate change has caused two species extinctions
including the golden toad from Monteverde cloud forest, Costa Rica, ca. 1989

Intergovernmental Panel on Climate Change 2022

Pounds et al. 2006 Nature
Pounds et al. 1999 Nature

Extinctions of amphirl_ﬁan species
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Golden toad, sapo dorado (Incilius periglenes)
photo U.S. Fish and Wildlife Service




Climate change has caused two species extinctions
including the Bramble Cay melomys from the Torres Strait, Australia, ca. 2009

Intergovernmental Panel on Climate Change 2022
Australia Threatened Species Scientific Committee 2019
Waller et al. 2017 Wildlife Research

Bramble Cay melomys (Melomys rubicola), Maizab Kaur (Bramble Cay), Australia
photos Queensland Environmental Protection Agency
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Climate change has caused a drought in the southwestern U.S. since 2000
th@t is the most severe c.‘lrought since the 1500s
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Climate change has intensified the heat that drives wildfire, lengthening fire
weather season on "4 of global vegetated area, up to 2 months, 1979-2013

Intergovernmental Panel on Climate Change 202
Zhuang et al. 2021 Proceedings of the National Academy of Sciences of the USA
Jolly et al. 2015 Nature Communications

Loyalton Fire tornado, August:15;2020
Tahoe National Forest, California, USA
photo KateLynn Hewlett




Climate change doubled the area burned by wildfire across the western U. S, *
over natural levels, 1984-2015

Abatzoglou and Williams 2016 Proceedings of the National Academy of Sciences of the USA
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Attribution of Increases in Wildfire Burned Area to Anthropogenic Climate Change

Assessment: Intergovernmental Panel on Climate Change 2022, Map: Kelly et al. 2020 Science, Graphic: P. Gonzalez
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California ecosystems are a net carbon emitter,
with two-thirds of emissions from wildfire, 2001-2010

Gonzalez et al. 2015 Forest Ecology and Management
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Climate change and deforestation for timber and agriculture
have caused the Amazon to become a net emitter of carbon, 2010-2019

Intergovernmental Panel on Climate Change 2022
Qin et al.202| Nature Climate Change
Hubau et al. 2020 Nature

I/
¢ Fire in Amazon rainforest, August 24, 2019
Candeias do Jamari, Rond6nia, Brazil

photo Victor Moriyama




Tree Mortalit)"v‘Rate :

-
California’”,

Northwest

Interior 7 ; : | = : Y CEL L & 5 e - AR - : . _Bead'lodgepole pA:é‘s {Pinus contorta)

: . F & = (R : e - ; » ‘RockyMountain National PaggiColorado, USA;

1955 « : ’ ; L ; 27 KPRE o er T i i B ““photo P. Gonzalez
= a - -~ . . 3 - L o ) \ A 3 .




0

)
[~
5]
wI
=
o
g
©
B
b
c
@
w
8
5]
no )
pad

N
=
o
N
=
o
QO
o
Q
4
<]
=
a

Tree species richness
Trees/hectara
TreesMectare
Njdabéen Mbalan:
Precipitation




~ ‘\L

J’?

r ic; r‘;r_';" L.Q,.— pine Rese:

Temperature
1.1 £ 0.3°C per century

Yosemite National Park, California, USA
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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
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Climate change has caused >400 species extirpations
(local disappearances) globally, 1849-2012
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Climate change reduced bird species richness 407% in Mojave Desert national parks,
throughiincreased aridity and physiological heat stress, 1908-2016

Iknayan and Beissinger 2018 Proceedings of the National Academy of Sciences of the USA
Riddellet:al:2019 Proceedings of the National Academy of Sciences of the USA
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Climate change reduced butterfly species

richness up to half in the southwestern U.S,,
1993-2018

Crossley et al. 2021 Global Change Biology

Coronis fritillary (Speyeria coronis)
photo Ron Wolf
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Climate change reduced bumble bee species richness and abundance
up to one-third in North America and Europe, 1901-2014

Soroye et al. 2020 Science

Change in detection=corrected richness (%)

i
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Rusty Patched Bumble Bee (Bombus dffinis)
feeding on wild bergamot (Monarda fistulosa)
photo Kim Mitchell, U.S. Fish and Wildlife Service




Cohen et al. 2016 Proceedings of the National Academy of Sciences™of'the
Tierney.et al. 2010 Nature Geoscience

Verburg et al. 2003 Science

O'Reilly et al. 2003 Nature

Water temperature
Tierney et al, 2010
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Global average sea surface temperature departure from 1961-1990 *\Y
Kennedy et al. 2049 W)‘M

Anacapa Island, Pacific Ocean
Channel Islands National Park, California, USA
photo P. Gonzalez




bleached coral reefs, causing coral
he Great Bamer Reef, through warmer waters

Great Barrier Reef, Australia
photo Christophe Bailhache, XL Catlin Seaview Survey




Climate change has acidified Pacific Ocean waters +40% (-0.15 pH), 1750-2014

Carter et al. 2017 Global Biogeochemical Cycles
Intergovernmental Panel on Climate Change 202|

pH Change
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Papahanaumokudkea Marine National Monument, Hawai'i, USA
photo James YVatt, National Oceanic and Atmospheric Administration




Ocean acidification has corroded or dissolved corals and shells of marine
around the world

Kroeker et al. 2013 Global Change Biology
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GSAT increase above pre-industrial (°C)







Climate change at 4.3°C could reduce the emperor penguin population 90%
by melting sea ice
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Climate Si§#@nge heat stress and hunting
endanger the radiated tortoise in Madagascar

Rasoma et al. 2013 Chelonian Conservation and Biology
Jenkins et al. 2014 PloS One
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Ocean aC|d|f|cat|on under the hlghest human carbon dioxide em|55|ons scenario

Eyre etal. 20 -
Langdon et al. 2018 Lim dogy angd

Coral reef, St. Croix, Virgin Islands, USA
photo Natlonal Oceanic and Atmospheric Administration




Climate change at 4°C could raise global sea level 0.6—1.0 m from 2014 to 2100,
inundating all or parts of many small islandinations

Intergovernmental Panel on Climate Change 202 |
Sabunas et a.2021"Erontiers in Built Environment

Andrew et al. 2019 PLoS One

Kiribati
photo Herve Damlamian




Py

Potential Vegetation 1990
MC| Dynamic Global Vegetation Model

Gonzalez, P, R.P. Neilson, .M. Lenihan, and R.J. Drapek. 2010. Global Ecology and Biogeography.
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Climate change increases risk of the loss of Joshua trees
from Joshua Tree National Park =

Sweet et al. 2019 Ecography.

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

Dole et al. 2003 Global and Planetary Change




Climate change at 4°C could increase burned area 50-707% globally
and increase fire frequencues across one to two-thirds of global land*

Intergovernmental Panel on Climate €hange 2022
Senande-Rivera et al. 2022 Nature Commumcatlons
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Lake Conjola, New South Wales, Australia, December 31, 2019
photo Matthew Abbott, New York Times




Difference in fire probability
between 2017-2100 and 2003-2015
Fonseca et al. 2019
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Intergovernmental Panel on Climate Change 2022
Intergovernmental Panel on Climate Change 2021
Miner et al. 2022 Nature Reviews Earth and Environment ”
Fewster et al. 2022 Nature Climate Change

Turetsky et al. 2020 Nature Geoscience

Yokohata et al. 2020 Progress in Earth and Planetary Science
Schneider von Deimling et al. 2015 Biogeosciences

Tundra fire
Noatak National Preserve, Alaska, USA
photo U.S. National Park Service
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Conseryving climate change

Sweet et al. 2019 Ecosphere
Barrows et al. 2014 Biodiversity and Conservation
Intergovernmental Panel on Climate Change 2022
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Upgrading U.S. policies from suppressic&of all fire to restoration of natural fire

 could reduce catastrophic wildfire und clim“ate change, carbon loss, and costs
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Natural regeneration R
of African Sahel native tree species’ s
resilient to aridity under climate chai

Gonzalez 2001 Climate Research
Gonzalez et al. 2012 Journal of Arid Environments
Reij and Garrity 2016 Biotropica
Lohbeck et al. 2020 Scientific Reports
Rickenback et al. 2022 Biotropica
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Protected Lands/ Upgrading conservation

/
Federal Lands |
23% of California state aregi

56% of California state area

X e e j '.* ,j-, | ::wj:‘;‘fgj;ggme"‘ Pgamme | management of U.S. federal
S 5 lands could double protection
& ; /— national parks protected areas, July 24, 2021 Without pu rchasi ng new |al1d

national forests | other areas
national wildlife refuges
Bureau of Land Management

Department of Defense

USA California
Federal land 28% 56%
Protected 2022 13% 24%
Target 2030 30% 30%
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Analyses
Patrick Gonzalez, University of California, Berkeley

Policies — 30 x 30 Goal

U.N. Convention on Biological Diversity, 2021

U.S. Executive Order 14008, January 27, 2021
California Executive Order N-82-20, October 7, 2020




Human-Caused Climate Change Impacts on Biodiversity
and Solutions for the Future

Human cause of climate change
Observed changes

l.

2.

3. Future risks
4. Adaptation
D,

Carbon solutions

Berkeley

UNIVERSITY OF CALIFORNIA




IpCC

. w;
INTERGOVERNMENTAL PANEL oN Clim3Te chanee wHMO UNEP

Global temperature increase may exceed 1.5° by 2032-2034 at 2010-2019 emissions

Intergovernmental Panel on Climate Change. 2021. Climate Change 2021: The Physical Science
Intergovernmental Intergovernmental Panel on Climate Change. 2018. Global Warming of 1.5°C
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Limiting climate change to |1.8°C attainable with complete implementation
of all Paris Agreement national greenhouse gas cuts and net-zero emissions targets
but current policies lead to 2.8°C increase " o

/ £ 2010 policies scenario ;u"":\?h o‘v‘l‘;.l":w
U.N. Framework Convention on Climate Change, Long-Term Low-Emissions report, October 26,2022
U.N. Environment Programme, Emissions Gap Report, October 27,2022

Meinshausen et al,, Nature, April 14,2022
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emlsélons*IO% and reduce cllmate change

Friedlingstein et al. 2022 Earth'System Science Data
U.N. Framework Convention on Climate Change, Reducing Emissions from Deforestation and
Degradation and through improved forest management (REDD+) 2013
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National parks and other protected aréas effectlvely reduced deforestation
in those areas 72%, saving 86 000 km? of forest, 2000- 20I2

Shah et al. 2021 Environmental Research Letters
Goncalves-Souza et al. 202 | Science Adyvances
Graham et al. 2021 Scientific Reports

Pauly et al. 2022 Scientific Reports

Gonzalez et al. 2014 Forest Ecology and Management
Adeney etal. 2009 PLoS One
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Amazon ramforest‘

Parque Na‘ional Yana,chaga Chemillén, Peru.
; photo P. Gonzalez




Reduced deforestation (1200-1500 km?) and carbon emissions'(18-24 million t)”
gm lndoneSIajramforests through a moratorlum on concession licenses
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Palm o;l phntatlons burning, and rainforest, July 19, 2011
, Kalimantan, Indonesia
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Walking, biking, and publRygransit can cut \
personahtransportation carb@pg,pollution up to 99%
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Global adoption of a_plant-rich, mé:
emissiohs 40%

Eisen and Brown 2022 PLoS Climate c
Intergovernmental Panel on Climate Change 2022 Mitigation
Castaldi et al. 2022 Scientific Reports

Costa’et al"2022 Scientific Reports

Clark et al. 2020 Science Advances

Springmann et al. 2018 Ne? L

Beef cattle feedlot
photo Texas A'& M University.
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U.S. Renewable Energy Sources Have Exceeded Coal Since 2019

U.S. Department of Energy. Monthly Energy Review. August 25,2022

U.S. Coal and Renewable Energy Use 1776-2021
Billion Watts (GW)
U.S. Department of Energy. Monthly Energy Review. August 25, 2022
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Renewable energy capacity increased 400% globally | B _=zEl
2000-2021, equivalent to 6500 coal-fired plants - “““IIIII
i g

International Renewable Energy Agency 2022 Renewable Capacity Statistics

Wind turbine array, Kebenhavn, Danmark
photo T. Moran
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Limiting temperature increase to 1.5° to 2°C attainable with concerted action by
governments, companies, individuals, using existing technologies and behaviors

Intergovernmental Panel on Climate Change. 2022. Climate Change 2022: Mitigation
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