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Climate change is nothing new.
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All terrestrial ecosystems are young.

Subalpine Abies balsamea forest, N New York®

Pinus ponderosa forest, N Arizona?

------------------------------------------------- Pinus (palustris?) forest, NE South Caroling’

Pinus banksiana forest, NW Michigan*

Tsuga/Thuja/Pseudotsuga forest, NW Washington®

--------------------- Juniperus osteosperma woodland, SC Montana®
Quercus forest, SW Wisconson’
-------------------------- Chihuahuan desert scrub, SE New Mexico®

Quercus savanna, NE Towa®

QOak/beech/chestnut forest, S Connecticut®

Subalpine Picea/Abies forest, N New York!

Montane parkland/grassland, NW Wyoming*
Fagus/Acer/Betula/Tsuga/Pinus forest, NW Michigan*

Pinus strobus/northern hardwoods forest, SE Michigan*
Mesic deciduous forest, Central Minnesota™

Pinyon/ juniper woodland, NE Utah'®

Pinus ponderosa woodland, SE Colorado™®

Pinus ponderosa woodland, NC Nebraska'*

6000

Age (cal yrs BP)

L g

_f_’l;'"S.T J ackéon. 2012. in' J. Wiens et al. (eds.) Historical Environmental Variation
I . =%\ in'Conservation and Natural Resource Management.




There are winners and losers under
climate change.

Beetle-killed Pinus contorta forest, Shell Canyon, Bighorn Mts., Wyoming. June 2007.



_ Locally and regionally..
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..and globally
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Sometimes there are big losers...

ko

Acinonyx jubatu
S.J. O'Brien & W_E Johnson. 2005.
Ann. Rev. Genomics & Hum. Gen.

il

Picea critchfieldii
(extinct ca. 13,000 yrs ago)

7 ?&—“: p— .’“."%:’—'"T;f
egaloceros-giganteus

AD Bdr'nosky. 1986. Quat. Res.

-.‘ ,._,34: e T W
Pinus resinosa

J. Boys et al. 2005. Amer. J. Bot. K.J. Hundtermark et al. 2002.
S.T. Jackson & C. Weng, 1999. PNAS Mol. Phylogen. Evol.




Community composition isn't conserved.

Picea, Cyperaceae, Belula
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Tower Lake
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Example 1:
Mid-Holocene
Tsuga decline
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Hemlock Decline Sites

@ Tsuga Decline Present R.K. Booth et al. 2012.
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Example 2: The extinction of iCG 5ihfieldii
: G B %ﬁ 1 P. critchfieldii sites\:\‘\ﬁ"“ly,
e < (26-16 ka)

o ¥

> Picea critchfieldii

I, J: P. glauca
K, L: P. chihuahuana

M, N: P. breweriana
1 O, P: P. martinezii
N 0

‘IIHMI]‘HHE'M’
0 10

20mm

o

E, F, G: Picea critchfieldii.
S.T. Jackson & C. Weng, 1999. PNAS

1 mm







Late Holocene Fagus Decline in the Central Great Lakes
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45° 1

A) Fagus (beech) s
[ 4

Depth to water table (cm)

A) Minden Bog hydroclimate and vegetation
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R.K. Booth, S.T. Jackson, V.A. Sousa, M.E. Sullivan, T.A. Minckley & M. Clifford. 2012. Ecology.



From any point in time, the path to the future
has always been twisted and tortured.

Regional Tree-ring Index

(Jackson et al. 2009. PNAS (after Meko et al. 2007))

riginal

50 100 0
ears after pi t Years after presen

Corollary: The path from 2012 to 2025, 2050,
2100, etc. will NOT be a straight one.
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Disturbances will interact with climate
variation.

Photo courtesy of Sherrill Goodrich, USFS



Regeneration niches will interact with climate
variation...
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Response
Response

Environmental variable Environmental variable

Sustained
Sustained population , population
>

Environment
Environment

S.T. Jackson et al. 2009. PNAS.




..leading to
episodic
recruitment
and
colonization

S.T. Jackson et al.
2009. PNAS .
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Corollary: Ecological states, including species
distribution and abundance, are (and will be) laden with
historical contingency
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Episodic invasion of Juniperus osteosperma in Wyoming and Montana
M.E. Lyford, S.T. Jackson, J.L. Betancourt, S.T. Gray. 2003. Ecological Monographs
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Established populations will often
persist in adverse climates...

..and climate variability can allow
regeneration and colonization under
adverse “average” climate




Wamer

Colder

Temperature

Greenhouse

Eary Holocene
World ~_

Late Holocene

Growing- /
Season
Threshold

Winter Summer Winter

Early to Late Holocene

S.T. Jackson et al. 2009. PNAS.

Early to Late Holocene

Growing-
Season
Length
I : Summer

Temperature

Winter
Temperature

Late Holocene to Greenhouse
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Correlations among
climate variables may
be conserved along
spatial gradients, but
not through time.
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S.T. Jackson & J.T. Overpeck. 2000. Paleobiology (Suppl.).
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J.W. Williams & S.T. Jackson. 2007. Frontiers in Ecology and the Environment.

No-analog climates have prevailed in
the past, and will in the future.



Disappearing Climates
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J.W. Williams, S.T. Jackson & J.E. Kutzbach. 2007. PNAS.



- . Multiple futures
. All look bad
. Can't predict...



The Good News

"I'm right there in the room, and no one even acknowledges me.”
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Mdny (most? all?) species have capacn'y

for adap'rmg to cllmate
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Assess and Reduce Direct Vulnerabilities

Vulnerability
high

Preparedness Intensive
intervention

Low-intensity
intervention

High —t——— A daptive capacity | oy

Low High
Exposure to climate change and barriers to dispersal

T.P. Dawson, S.T. Jackson, J.I. House, I.C. Prentice & G.M; Mace. 2011. Science 332:53-58.



Reduce threats and stresses arising from
sources other than climate change
(Benefits: increases adaptive capacity, may
decrease sensitivity and exposure)




Seek ways of simultaneously achieving short-term
conservation goals with long-term vulnerability reduction







History no Ionger',
Historical st



Role of Science in a Weird New World?

Post-stationary world
-“stationarity is dead” (Milly et al. 2008. Science.)

Post-normal world

-high stakes, high uncertainty (Funtowicz & Ravetz 1993.
Futures.)

Post-predictive world

-indeterminacies and uncertainties; prediction elusive

Post-global world

-climate-change adaptation will necessarily play out at local to
regional scales

Post-natural world

-“"Garden management” (Marris; Kareiva & Marvier)



Kaplan's Law of the Instrument:

OBAMICON_ME

A. Kaplan. 1964. The Conduct of Inquiry.

"..a scientist formulates problems in a way
which requires for the solution just those
techniques in which he himself is particularly

skilled.”
%HA INEG
FOR THIS JOB




Problem: insufficient science is directed toward
critical needs of climate-change adaptation.

Research is inspired by

Quest for
fundamental
understanding?

No

Considerations of Use?

No Yos
Pure basic Use-inspired
Research basic research
(Bohr) (Pasteur)
Pure apphed
research
(Edison)

PASTEUR'S
QUADRANT
e

Innovation

Donald E. Stokes
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A missing third axis:
How do we ensure that scientifically justified
decisions are made where they're needed?




a) The Decisionist Model

Context

b) The Technocratic Model

¢) The Co-Production Model

Social, Political, Cultural

Cssenca iy 3
A

1 1

Context

Cocioms Db

-

Decisions>

Decisions>

Decisions>

Adapted from P. van Zwanenberg & E. Millstone. 2005. BSE: Risk, Science, and Governance.



Cultures and Subcultures

Academic

Disciplines & subdiscipline
Institutions

Civic
NGOs
Policymakers
Educators
User groups
Lay public (multiple...)

Cultures

Knowledge, ideas, beliefs

: Practices,
Dialogues rewards

Goals, purposes

Agencies
 Federal
e Tribal
e State
Economic
« Energy & mining
* 6razing
«  Tourism
« Timber
« Etc.

Adapted from S. Jasanoff & B. Wynne. 1998. Science
and decisionmaking. In Rayner & Malone (eds.), Human
Choice & Climate Change. Vol. I. The Societal Framework.
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