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Case study of a simple physical system:
The Colorado River

+ Highest vulnerability to
warming-related discharge
reduction in western North
America

 Runoff low relative to
precipitation (evaporative
loss)

Temperature increase —> ET increase —> reduced runoff —> reduced discharge



How will global climate change affect the Colorado River?
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¢ ' Water level on 5 April 2017 was 6 feet higher...
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Mid-21st Century Flow Projections from GCMs

* At least 12 major studies as of 2014 (more since...)
 Divergent results:
-6% (-40% to +18%)

-10% to -20%

-16 % (-8% to -25%)
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-45%




Stakeholder Confusion
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UNDERSTANDING UNCERTAINTIES
IN FUTURE COLORADO RIVER
STREAMFLOW

er Juue A. Vano, Brapter Upale, Danier R. Caran, Jonathan T. Overeeck, Levi D. Brexxe,
TarasH Das, Howwr C. Hartmann, Huso G. Hioawco, Martiv Hoerung, Grecory . McCage,
Kivom Morino, Rosert S. Weea, Kevin Weaner, ano Dennvis P. LETTenMAiER
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THE UNCERTAIN
COLORADO IN A
CHANGING CLIMATE
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Post-Normal
Science

Decision

Stakes Professional
Consultancy

Applied

Science
/.
Low  Systems Uncertainty




Post-Normal Conservation:
Ecosystems under change




communities on late-glacial landscapes
in the central USA

Cupola Pond, Ozark Mts., Missouri
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R.A.Jones, J.W. Williams, S.T. Jackson (Quaternary Science Reviews, accepted)



Looking forward from the past,
nearly everything is novel




Environmental and Ecological Turnover:
Hemlock/beech/sugar maple/yellow birch forest

Tower Lake, Upper Michigan

Picea Abies Pinus subg. Pinus  Pinus strobus Betula Quercus Acer saccharum Tsuga Fagus grandifolia
Macrofossil  needles needles needles budscales fruits and bracts budscales budscales needles budscales
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S.T. Jackson, R.K. Booth, .J. Andersen, K. Reeves, T.A. Minckley & R.A. Jones. 2014. Quaternary Science Reviews
(see discussion in S.T. Jackson & J.L. Blois. 2015. PNAS).




Human influences...

First migration of Modern bumans Migrations of fully Great European
fully modemn arrive in modern humans from Beginning civilisations:
humans out of Africa Australia South Asia to Europe of agriculture Greek, Roman
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J.J. Gowlett. 2016. PRSB. Measures of the Anthropocene:

Sources: New Scientist (October 2008);

Global Change and the Earth System (2004),
“l“l" , International Geosphere-Biosphere Programme
production

in Germy . . .
. www . humanorigins..si.edu
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prevent change, failure is inevitable



What Can We Say About The Future?

"He who predicts the future lies, even if he tells the truth.”
-Arabic proverb



Novel climates
will arise;
some existing
climates will
vanish

Novel

ecosystems

= amsee  will arise;

o ete | some existing
ecosystems
will vanish

J.W. Williams, S.T. Jackson & J.E. Kutzbach. 2007. APNAS.



The path to the future:
Interaction between natural variability and
anthropogenic forcings
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Past 1200 years: Upper Colorado River Basin (after Meko et al. 2007)




Contingent (pa’rh-dependenf) outcomes:
Climate variability, disturbance, ecology

2002 Mustang Ridge Fire, Daggett Co., Utah (800-yr old-growth pinyon-pine woodland).
Photo courtesy of Sherrill Goodrich, USFS



Historically contingent ecological outcomes
(legacies and anachronisms)
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= We must Iear'n how to
S Iever'age These effectively



Species adapt to changing environments.
Shouldn’t conservation adapt too?







Scientific knowledge and understanding change...
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Conservation
knowledge, values,
and practice change...




Today's conservation derives from mid-20t
Century science and values...
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Value-laden controversies underway
in conservation science

A critique of the ‘novel ecosystem’
concept

Carolina Murcia'*’, James Aronson™*’, Gustavo H. Kattan®, David Moreno-Mateos”,
Kingsley Dixon®’, and Daniel Simberloff®

Novel ecosystems: concept or inconvenient reality?
A response to Murcia et al.

Richard J. Hobbs', Eric S. Higgs®, and James A. Harris’

The evidence and values underlying ‘new .
conservation’ Non-natives: 141

scientists object

Michelle Marvier' and Peter Kareiva®

Have Ecosystem Services llAssisted colonization is not a viable
Been Oversold? conservation strategy

Jonathan Silvertown'*

Anthony Ricciardi’ and Daniel Simberloff

‘New conservation’ or surrender to development?
B. Miller', M. E. Soulé? & J. Terborgh?







Progress is subsumptive. We still use:

17th Century physics

Velume

Fressure

18th Century political systems LLU

20™h Century conservation policy
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Broaden and diversify management targets
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John James Audubon
Red-cockaded woodpecker

J.K. Hiers, S.T. Jackson, R.J. Hobbs, E.S. Bernhardt, L. Valentine. 2016.

Trends in Ecology and Evolution.



frequency
doubles

Patches and Fragments Novel Ecosystems
Recurring fires produce a Frequent droughts, large fires
complex mosaic dominated by and exotic species combine
vegetation in various early seral to produce large swaths of new
stages; managing the products ecosystem-types unlike anything
of succession and exotic species ever seen in this region

are paramount
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similar to large fires

Burned Area Extent become
new norm

mid-1900s

Business as Usual?
Moderate climate-change

Inevitable Surprises
Extended periods of status
impacts lead to complacency; quo are punctuated with rapid,
capacity for responding to whole-scale landscape tumn-
ecosystem change stagnates over in response to massive
or declines; managers and fires; amplifies potential for
policy makers caught off guard exotic species invasion and
when change does occur spread

similar to
historical

Aouanbaiy

S.T. Jackson, S.T. Gray, B. Shuman. 2009. Conservation Paleobiology.



Look beyond traditional scientific ‘outreach’...
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..o develop effective translational sciences
for conservation

Collaboration
Co-developed

Decision-framing knowledge
Context Engagement

Decision-relevant Diverse relationships
outcomes and partnerships

PRINCIPLES
AND GOALS OF
TRANSLATIONAL
ECOLOGY

Process
Buy-in,
co-ownership

Commitment
Long-term trust

NCEAS Translational Ecology Working Group,
November 2015

C. Enquist et al. 2017.
Frontiers in Ecology and the Environment (in press).






