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—merging/Emergent Property:
A property which a (complex) system has, but which the individual

Structure \Wot have.

Feedback loops .

Complexity ~The knowledge of the different types of emergence Is
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Resilience Is the capacity of a social-ecological
system to absorb or withstand perturbations anad
other stressors such that the system remains
within the same regime, essentially maintaining its
structure and functions. It describes the degree to
which the system Is capable of self-organization,
learning and adaptation.

(Holling 1973, Gunderson & Holling 2002, Walker et al. 2004).
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Taleb (2012): Antifragile: Things that gain from Disorder
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Stability of Systems

» State Shift —a severe disturbance in which the
system does not return to normal but instead results
In significant changes in some of its state variables
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Drivers of a potential planetary-scale
critical transition

brown color
indicates ~ 40% of
terrestrial ecosystems
that have now been
transformed to
agricultural
landscapes

A D. Barnosky et al. Nature 486, 52—58 (2012) doi:10.1038/nature11018



Quantifying land use as one method of
anticipating a planetary state shift

Percentage of lightly affected Percentage of Earth’s
ecosystems terrestrial ecosystems that
show state shifts
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(Generally increases with human population size)

A D. Barnosky et al. Nature 486, 52—58 (2012) doi:10.1038/nature11018



Threshold of 2°C might determine the new state of the
olanet

Glacial-interglacial
limit cycle
I\

=
;E ‘Stabilized E
v
Temperature
Cold ot

Fig. 2. Stability landscape showing the pathway of the Earth System
out of the Holocene and thus, out of the glacial-interglacial limit cycle
to its present position in the hotter Anthropocene. The fork in the

Steffen et al., 2018. PNAS, vol. 115, no. 33
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Threshold of 2°C might determine the new state of the

Tipping elements at risk: p | an et
o 1°C-3°C Extinction of
@ 3°C-5°C | J
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Steffen et al., 2018. PNAS, vol. 115, no. 33
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The Earth’s Life-support System

The importance of flows



The Earth’s Life-support System

—verything is about Flow - we have increased many flows
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The Earth’s Life-support System

—verything is about Flow - we have increased many flows
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The Earth’s Life-support System

—verything is about Flow - we have increased many flows
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—arth Is an “undiagnosed Patient P

Flows in the ELSS allow us to assess the “Health SYSTEM
of the Planet” and to diagnose the “patient”
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The Earth’s Life-support System

The importance of stocks and flows



The Earth’s Life-Support System
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The iImportance of regulating processes
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Radiation Transmitted by the Atmosphere

No

1

o1

10 70

Downgoing Solar Radiation
70-75% Transmitted

Spectral Intensity

Upgoing Thermal Radiation
15-30% Transmitted

Infrared

Percent

Major Components

.] . A Oxygen and Ozone
P . '\ Methane
R ___l i " Nitrous Oxide
Rayleigh Scattering
0.2 ‘ll --1.0 . — .70

Wavelenagth (um)

Atmospheric absorption and scattering at different
wavelengths of electromagnetic waves. The largest
absorption band of carbon dioxide is not far from the
maximum in the thermal emission from ground, and it
partly closes the window of transparency of water; hence
its major effect.


https://en.wikipedia.org/wiki/Wavelength
https://en.wikipedia.org/wiki/Electromagnetic_radiation
https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Infrared

The Earth’s Life-support System

Atmospheric lifetime and GWP relative to CO,, at different time horizon for various greenhouse gases

Gas name

Carbon dioxide

Methane

Nitrous oxide
CFC-12
HCFC-22

Tetrafluoromethane
Hexafluoroethane
Sulfur hexafluoride

Nitrogen trifluoride

Chemical
formula  (years)!??!

CO,
CH,
N,O

CCL,F,

CHCIF,,

CF,
CoFg
SFg
NF,

Lifetime

30-95
12

121
100

12

50 000
10 000
3 200
500

20-yr!22]

84
264

10 800
5280
4 880
8 210
17 500
12 800

100-yr!22

28
265

10 200
1760
6 630
11 100
23 500
16 100

Global warming potential (GWP) for given time horizon

500-yr-3°)

7.6
153
5200
549
11 200
18 200
32 600
20 700
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The importance of concepts and language
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- | Volumetric heat capacity of water compared to air:
About 3300 time higher




The Earth’s Life-support System

Amount of Water in Air at 100% Relative Humidity

Across a Range of Tem peratures
Calculated with tool at http: /Awvww. lennte ch.comicale ulatorsirelative-humidity. htm

100

o I A— =100% Relative Humidity (Dew Point)
gg 4 ——— = 50% Relative Humidity

Water in Air (grams H20 per kilogram of Air)

-20 -10 0 10 20 30 40 a0
Tem perature (degrees C)




The Earth’s Life-support System

Amount of Water in Air at 100% Relative Humidity Specific heat capacity:
Across a Range of Tem peratures \Water: 4200 Jkg‘1K‘1
Cakculated with tool at http: Avww. lennte ch.comicalc ulatorsirelative-humidity. htm :
Airr 993 Jkg K
100 | | | | | |
—ee— =100% Relative Humidity (Dew Point | | . |
90 | | T | | A ) Water has 4.23 times higher specific heat capacity.
g0 4 = 50% Relative Humidity

Water in Air (grams H20 per kilogram of Air)

-20 -10 0 10 20 30 40 o0

Tem perature (degrees C)




The Earth’s Life-support System

Amount of Water in Air at 100% Relative Humidity Specific heat capacity:
Across a Range of Tem peratures \Water: 4200 Jkg‘1K‘1
Cakculated with tool at http: Avww. lennte ch.comicalc ulatorsirelative-humidity. htm :
Air: 993 Jkg K-
100 | | | | | |
—ee— =100% Relative Humidity (Dew Point | | . |
90 | | ‘I) | | A ) Water has 4.23 times higher specific heat capacity.
g0 4 = 50% Relative Humidity
Density:
Water: 1000 kg/m?
Alr: 1.275 kg/m3

1+ | Water is about 7385 times denser than air.

Water in Air (grams H20 per kilogram of Air)

-20 -10 0 10 20 30 40 o0

Tem perature (degrees C)
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Amount of Water in Air at 100% Relative Humidity Specific heat capacity:
Across a Range of Tem peratures Water: 4200 Jkg‘1K‘1
Calculated with tool at http: Awvww.lennte ch.comicalc ulatorsirelative-humidity. htm Air: 993 Jkg_.l K_1
100 | | | | | |
=100% Relative Humidity (Dew Point . . - .
90 | | T | | A ) Water has 4.23 times higher specific heat capacity.
< ool = 50% Relative Humidity
) :
= Density:
& 70
> Water: 1000 kg/m?
= 60 Alr: 1.275 kg/m?
3
o 0 Water is about 785 times denser than ar.
¥
w 40
=
5 30
= Volumetric heat capacity:
'i 20 Water compared to air:
g ' About 3300 time higher volumetric heat capacity
1]
=
05 1 !
-20 -10 0 10 20 30 40 50

Tem perature (degrees C)
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The Earth’s Life-support System

What are the
Impacts of
Climate Change?
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The Earth’s Life-support System

What are the
- Changing Rain , . 35S

|mpaC’[S Of and Snow % > ¥ > ow and Ice

Climate Change” . S £

.. and there is more: Loy
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- health P Al | I®

- supply chains S 3 and More‘Hea‘tWav
- mass extinction 3
- water security

- food security

- migration

- soclal unrest




The Earth’s Life-support System

EXTREME WEATHER AIR QUALITY IMPACTS VECTOR-BORNE DISEASES

RISING TEMPERATURES

1 u
I

I i1 i

r-
I

7

Increased
Duration of

/ / // / //./// Warm Season

Increased Flooding
& Storms

AR

Changes in

EVIRONMENTAL
EFFECTS

Increased :
More Frequent More Intense Pollution & Changes in Median
Heatwaves Wildfires GHG Emissions Precipitation Temperature

1 i
Property Loss 1 i
2 1 3
3 i
O Damage 1 i
5\)‘ 1 i Expanded Changes in
Water l I Geographical Vector
Contamination 0 Range Behaviors
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1
v

Increased Cases
of Vector-Borne

Diseases such as,

Lyme Disease,
Malaria, Zika
Virus, and West
Nile Virus

(I

HEALTH

Increased

Caordiovasculor Respiratory Water Borne Allergy-Related
linesses llinesses lliness llinesses

Aggravated Aggravated
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Accepting knowledge gaps
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Energy and Environment

Scientists may have just found an unexpected
new threat to the ozone layer i;

%
z
L

4'/7 +S‘:\

By Chelsea Harvey A

Doctoral Theses &
Publications

- PhD Studies
- Profile Areas

Astrophysics,
Cosmology and
Particle Physics

Atomic and Chemical
Physics

Biological Membranes

Catalysis in Organic
Chemistry

Lightning strikes in Denton, Tex., in May 2015. (Al Key/Denton Record-Chronicle via AP)

Children’s Rights &

Severe storms over the central United States may be posing bigger problems beyond bad weather. New ORndHtons

Climate, Seas and

research suggests that frequent summertime storms in the Great Plains region could be depleting the
Environment

Crime & Punishment

Cultural Heritage,
Historical Artefacts &
Processes

Economy &

s chsems s snes s e

Stockholm
University

Start Education Research

Listen | M= Pa svenska | Other languages | Press & Media

Collaboration Departments Library About Us

Sahara greening intensify tropical cyclone
activity worldwide

Future climate warming could lead to a re-greening of the southernmost
Sahara (Sahel), with decreased dust emissions and changes in land cover. In
a recent study, researchers at the Department of Meteorology have found
that tropical cyclone activity may have increased during past warm climates
in connection with a greening of the Sahara.

Wi |

:

W\

%

Cyclone Catarina seen from ISS. Photo: Earth Observations Laboratory, Johnson Space Center, via




The Earth’s Life-support System

Importance of Time Scales
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Even if carbon emissions are reduced, the ocean is
still set for centuries or more of warming, acidification,
deoxygenation, and sea level rise.
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T
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When It Comes to Climate Change, the Ocean
Never Forgets
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NUMBER OF TAXANOMIC FAMILIES
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The Earth’s Life-support System

The Ice Age The Present The Future?

During the Ice Age, many large mammals Since then, all the largest Surviving species will have to diversify for millions
roamed the earth, filling out deep species have been chopped off of years to restore this missing evolutionary
branches on the mammal Tree of Life the mammal Tree by extinctions history and regrow the Tree of Life
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Importance of Ethics, Morality
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"Yet 1n all societies, even
those that are most vicious,
the tendency to a virtuous
attachment 1s so strong that
there 1s a constant effort
towards an increase of
population” Malthus, 1798.

a
ot "%

Energy
Usage

*+, Population

— “That the increase of population 1s

necessarily limited by the means of
subsistence, That population does invariably
increase when the means of subsistence
increase, and, That the superior power of
population 1s repressed, and the actual
population kept equal to the means of
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31 October 2011: The day we “celebrated” the 7-billionth baby

| wrote a blog on “Crime against humanity”:
C(H) = (N(1) - Mto))*L

C: crime

t: time

fo: arbitrary time origin

N. number of people in the country under consideration
L: average use of resources per person in the country

Should be multiplied by the
resource usage per person

“That the increase of population 1s
necessarily limited by the means of
subsistence, That population does invariably
increase when the means of subsistence
increase, and, That the superior power of
population 1s repressed, and the actual
population kept equal to the means of

subsistence, by misery and vice.”
Malthus, 1798.
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Bulletin
of the
Atomic
Scientists

It is two and a half minutes to midnight

2017 Doomsday Clock Statement

Science and Security Board
Bulletin of the Atomic Scientists

Editor, John Mecklin

Reducing risk: Expert advice and
citizen action. Technology continues to
outpace humanity's capacity to control I,
even as many citizens lose faith in the
Institutions upon which they must rely to
make scientific innovation work for rather
than against them. Expert advice Is
crucial If governments are to eftectively
deal with complex global threats. The
Science and Security Board is extremely
concerned about the willingness of
governments around the world—
including the incoming US administration
—t0 Ignore or discount sound science

/, e and considered expertise during their
-
IT IS TWO AND A HALF MINUTES TO MIDNIGHT® '] ‘

decision-making processes.
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Bulletin Doomsday Clock Announcement, 2018
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Epistemology (part of philosophy):
- develops a theory of knowledge
— Separate from science

Knowledge:
- a “Justified true beliet” (Plato) - abbreviated as JTB
- Bertram Russel: [dentified problems with JTB and provided solutions
- Gettier (1963): “Is justified true belief knowledge”?” Showed counter examples

Knowledge as justitied true belief (JTB):

A subject S knows that a proposition P is true if and only If:
1 Pistrue, and

2 S believes that P is true, and

3 S is justified in believing that P is true
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Creation of Knowledge

Epistemology (part of philosophy):
- develops a theory of knowledge
— Separate from science

Knowledge:
- a “Justified true beliet” (Plato) - abbreviated as JTB
- Bertram Russel: [dentified problems with JTB and provided solutions
- Gettier (1963): “Is justified true belief knowledge”?” Showed counter examples

Knowledge as justitied true belief (JTB):

A subject S knows that a proposition P is true if and only If:
1 Pistrue, and

2 S believes that P is true, and

3 S is justified in believing that P is true

Many think today that JTP is a necessary but not sutficient condition
Need a fourth condition
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for “alternative facts”
®In a "post-truth™ world, there Is no knowledge ¥
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At all levels we always have the choice to:

- mitigate (prevent) or

- adapt (change, reorganize, manage),

with rather different social, economic, and environmental conseqguences.

Our language should be flexible enough to reflect these choices. For this class, we
therefore define three terms:

1. Mitigation of Change: actions that limit and reduce changes/degradations
N the Earth's life-support system.

2. Mitigation of Impacts: actions that aim to protect against certain levels of
impacts resulting from degradation of the Earth’s life-support system,
including climate change and/or SLR.

3. Adaptation: systemic transformations that increase our preparedness for a

wide range of plausible futures and allow us to cope with changes if and
when they happen.
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Hell and High Water: Practice-
Relevant Adaptation Science

R H.Moss. " G. A Meehl M. C. Lemos,J. B.Smith, L R Amold J. CAmott D. Behar, G P.
Brasseur S. B.Broomell, A J. Busalacchi, S. Dessal K. L Ebi, J A. Edmonds, J. Furlow L
Goddard, H C. Hartmann, J. W Hurrell J. W Katzenberger D. M Liverman, P.W. Mote, S. C.
Mosec A. Kumag R S. Pulwarty E A Seyllec B. L Turner IL W. M. Washington, T. J Wilbanks

nforming the extensive preparations

needed to manage climate risks, avoid

damages and realize emerging opportu-
nities s a grand challenge for climate change
science. US. President Obama underscored
the need for this research when he made cli-
mate preparedness a pillar of his climate pol
icy. Adsptation improves preparedness and is
one of two broad and increasingly important
strategies (along with mitigation) for climate
risk management. Adaptation is required
in virtually all sectors of the economy and
regions of the globe, for both built and natu-
ral systems (/).

However, without the appropriate sci-
ence delivered in a decision-relevant con-
text, it will become increasingly difficult—if
not impossible—o prepare adequately (2).
We suggest a number of measures to has-
ten the development of science to comrect
maladaptations © current climate variabil-
ity and support society s increasing need to
adapt to achanging climate drawing on les-
sons from experience, insights from related
endeavors such as sustainability science (3),
and input from scientific and stakeholder
communities.

Adaptation Planning, Information Gaps,
and the Need for Adaptation Sdence
Initial adaptation planning is occurring in
some sectors, such as watker resource man-
agement, forestry, insurance, and coastal
zone management. A limited but growing
number of states and cities are develop-
ing adaptation plans. US. federal agencies
have implemented sustainability plans that
include mitigation and adaptation (4).
There are serious science gaps, how-
ever (5, 6). In many communities, decision-
makers lack climate information or the
means to apply it. In others, knowledge of
current or polential future impactsexists, but
not in a form or context that dec sion-makers
can assimilate or act on in advance. In stll

*full afflanons for all auhors am prowvsded = Hhe
spplementary maternls. Tlormspanding Juthar. Emak
*m@erelgy

Adaptation requires science that ana lyzes
decisions, identifies vulne rabi lities,
improves foresight, and dewelops options.

The entrance © aﬁfh Lower Manhattan on 31 Octobes, 2012,
& New York City began dean-up after Hurricane Sandy.

others, engineering innovations are needed,
as well associal science knowledge, to guide
technology deployment and adjustments
to management, investments, and public
palicy.

A key characteristic of emerging adapta-
tion science is that it & both basic—in that
it contributes to understanding fundamen-
tal physical, environmental and socioeco-
nomic research questions—and applied,
because itis problem focused. Scientists and
practitioners “coproduce™ relevant research
by jointly defining questions and maintain-
ing frequent interactions (7). Coproduction
is challenging to implement and sustain
because participants often have different
roles, vocabularies interests methods, and
incentives. The effectiveness of communica-
tions and deliberative processes among sci-
entists and practitioners requires empirical
evaluation (§).

To support the wide range of necessary
adjustments, we outline a comprehensive,
integrated approach to research in social,
physical, environmental, engineering,
and other sciences. We describe adapta-
tion science research needed to under-

stand decision processes and informa-
tion requirements, identify vulnerabilities
improve foresight about climate risks and
other stressors, and understand barriers and
options for adaptation.

Understand Dedsion Processes

and Knowledge Requirements

Adaptation science research must clar-
ify what types of scientific mformation are
required for improved decision-making.
Decision-makers are concerned with cost
feasibility, social acceptance, tradition, and
other factors. To close a “usability gap.” sci-
entific information must fit into existing con-
texts (9). Organzational cognitive, political
ethnographic, and dec sion sciences research
is needed to clarify the problem, the values
of participants, and the context in which the
information will be applied. Understand-
ing perception and apprehension of climate
change risks is also a priority.

Identify Vulnerabilities

Research to characterize vulnerability and
adaptive capacity focuses on pinpoint-
ing infrastructure, economic sectors, geo-

CREDAT SN HONDANPNGETTY NAGESNEWSCON

Moss et al., 2013
Published on November 8, 2013 in Science
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technology deployment and adjustments
to management, investments, and public
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A key characteristic of emerging adapta-
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it contributes to understanding fundamen-
tal physical, environmental and socioeco-
nomic research questions—and applied,
because itis problem focused. Scientists and
practitioners “coproduce™ relevant research
by jointly defining questions and maintain-
ing frequent interactions (7). Coproduction
is challenging to implement and sustain
because participants often have different
roles, vocabularies interests methods, and
incentives. The effectiveness of communica-
tions and deliberative processes among sci-
entists and practitioners requires empirical
evaluation (§).

To support the wide range of necessary
adjustments, we outline a comprehensive,
integrated approach to research in social,
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tion requirements, identify vulnerabilities
improve foresight about climate risks and
other stressors, and understand barriers and
options for adaptation.
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ify what types of scientific mformation are
required for improved decision-making.
Decision-makers are concerned with cost
feasibility, social acceptance, tradition, and
other factors. To close a “usability gap.” sci-
entific information must fit into existing con-
texts (9). Organzational cognitive, political
ethnographic, and dec sion sciences research
is needed to clarify the problem, the values
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ity and support society s increasing need to
adapt to achanging climate drawing on les-
sons from experience, insights from related
endeavors such as sustainability science (3),
and input from scientific and stakeholder
communities.

Adaptation Planning, Information Gaps,
and the Need for Adaptation Sdence
Initial adaptation planning is occurring in
some sectors, such as watker resource man-
agement, forestry, insurance, and coastal
zone management. A limited but growing
number of states and cities are develop-
ing adaptation plans. US. federal agencies
have implemented sustainability plans that
include mitigation and adaptation (4).
There are serious science gaps, how-
ever (5, 6). In many communities, decision-
makers lack climate information or the
means to apply it. In others, knowledge of
current or polential future impactsexists, but
not in a form or context that dec sion-makers
can assimilate or act on in advance. In stll
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others, engineering innovations are needed,
as well associal science knowledge, to guide
technology deployment and adjustments
to management, investments, and public
palicy.

A key characteristic of emerging adapta-
tion science is that it 5 both basic—in that
it contributes to understanding fundamen-
tal physical, environmental and socioeco-
nomic research questions—and applied,
because itis problem focused. Scientists and
practitioners “coproduce™ relevant research
by jointly defining questions and maintain-
ing frequent interactions (7). Coproduction
is challenging to implement and sustain
because participants often have different
roles, vocabularies interests methods, and
incentives. The effectiveness of communica-
tions and deliberative processes among sci-
entists and practitioners requires empirical
evaluation (§).

To support the wide range of necessary
adjustments, we outline a comprehensive,
inegrated approach to research in social,
physical, environmental, engineering,
and other sciences. We describe adapta-
tion science research needed to under-

stand decision processes and informa-
tion requirements, identify vulnerabilities
improve foresight about climate risks and
other stressors, and understand barriers and
options for adaptation.

Understand Dedsion Processes

and Knowledge Requirements

Adaptation science research must clar-
ify what types of scientific mformation are
required for improved decision-making.
Decision-makers are concerned with cost
feasibility, social acceptance, tradition, and
other factors. To close a “usability gap.” sci-
entific information must fit into existing con-
texts (9). Organzational cognitive, political
ethnographic, and dec sion sciences research
is needed to clarify the problem, the values
of participants, and the context in which the
information will be applied. Understand-
ing perception and apprehension of climate
change risksis also a priority.

Identify Vulne rabil ities

Research to characterize vulnerability and
adaptive capacity focuses on pinpoint-
ing infrastructure, economic sectors, geo-
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nforming the extensive preparations

needed to manage climate risks, avoid

damages and realize emerging opportu-
nities s a grand challenge for climate change
science. US. President Obama underscored
the need for this research when he made cli-
mate preparedness a pillar of his climate pol-
icy. Adsptation improves preparedness and is
one of two broad and increasingly important
strategies (along with mitigation) for climate
risk management. Adaptation is required
in virtually all sectors of the economy and
regions of the globe, for both built and natu-
ral systems (/).

However, without the appropriate sci-
ence delivered in a decision-relevant con-
text, it will become increasingly difficult—if
not impossible—0 prepare adequately (2).
We suggest a number of measures to has-
ten the development of science to correct
maladaptations © current climate variabil-
ity and support society s increasing need to
adapt to achanging climate, drawing on les-
sons from experience, nsights from related
endeavors such as sustainability science (3),
and input from scientific and stakeholder
communities.

Adaptation Planning, Information Gaps,
and the Need for Adaptation Sdence
Initial adaptation planning is occurring |
some sectors, such as watker resource m
agement, forestry, insurance, and coas
zone management. A limited but gro
number of states and cities are devel
ing adaptation plans. US. federal agen
have implemented sustainability plans ¢
include mitigation and adaptation ().
There are serious science gaps, how
ever (5, 6). In many communities, decision-
makers lack climate information or the
means to apply it. In others, knowledge of
current or potential future impactsexists, but
not in a form or context that dec sion-makers
can assimilate or act on in advance. In stll
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others, engineering innovations are needed,
as well associal science knowledge, to guide
technology deployment and adjustments
10 manag " and public
palic
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it contributes to understanding fundam
tal physical, environmental and socioeco-
nomic research questions—and applied,
because itis problem focused. Scientists and
practitioners “coproduce™ relevant research
by jointly defining questions and maintain-
ing frequent interactions (7). Coproduction
is challenging to implement and sustain
because participants often have different
roles, vocabularies interests methods, an
mncentives. The effectiveness of communic
ns and deliberative processes among

i and practitioners requires

.

To suppomnt s fge of necessary
adjustments, we outline a comprehensive,
inegrated approach to research in social,
physical, environmental, engineering,
and other sciences. We describe adapta-
tion science research needed to under-

stand decision processes and informa-
tion requirements, identify vulnerabilities
improve foresight about climate risks and
other stressors, and understand barriers and
options for adaptation.

Understand Dedsion Processe
and Knowledge Requig
Adaptation sc4
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esearch must clar-
Po1 scientific nformation are
g tor improved decision-making.
Pecision-makers are concerned with cost,
ibility, social acceptance, tradition, and
ther factors. To close a “usability gap” sci-
ntific information must fit into existing con-
texts (9). Organzational cognitive, political
ethnographic, and decsion sciences research
is needed to clarify the problem, the values
of participants, and the context in which the
information will be applied. Understand-
ing perception and apprehension of climate
change risksis also a priority.

Identify Vulne rabil ities

Research to characterize vulnerability and
adaptive capacity focuses on pinpoint-
ing infrastructure, economic sectors, geo-
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nforming the extensive preparations

needed to manage climate risks, avoid

damages and realize emerging opportu-
nities s a grand challenge for climate change
science. US. President Obama underscored
the need for this research when he made cli-
mate preparedness a pillar of his climate pol
icy. Adsptation improves preparedness and is
one of two broad and increasingly important
strategies (along with mitigation) for climate
risk management. Adaptation is required
in virtually all sectors of the economy and
regions of the globe, for both built and natu-
ral systems (/).

However, without the appropriate sci-
ence delivered in a decision-relevant con-
text, it will become increasingly difficult—if
not impossible—o prepare adequately (2).
We suggest a number of measures to has-
ten the development of science to comrect
maladaptations © current climate variabil-
ity and support society s increasing need to
adapt to achanging climate drawing on les-
sons from experience, insights from related
endeavors such as sustainability science (3),
and input from scientific and stakeholder
communities.

Adaptation Planning, Information Gaps,
and the Need for Adaptation Sdence
Initial adaptation planning is occurring in
some sectors, such as watker resource man-
agement, forestry, insurance, and coastal
zone management. A limited but growing
number of states and cities are develop-
ing adaptation plans. US. federal agencies
have implemented sustainability plans that
include mitigation and adaptation (4).
There are serious science gaps, how-
ever (5, 6). In many communities, decision-
makers lack climate information or the
means to apply it. In others, knowledge of
current or polential future impactsexists, but
not in a form or context that dec sion-makers
can assimilate or act on in advance. In stll
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others, engineering innovations are needed,
as well associal science knowledge, to guide
technology deployment and adjustments
to management, investments, and public
palicy.

A key characteristic of emerging adapta-
tion science is that it & both basic—in that
it contributes to understanding fundamen-
tal physical, environmental and socioeco-
nomic research questions—and applied,
because itis problem focused. Scientists and
practitioners “coproduce™ relevant research
by jointly defining questions and maintain-
ing frequent interactions (7). Coproduction
is challenging to implement and sustain
because participants often have different
roles, vocabularies interests methods, and
incentives. The effectiveness of communica-
tions and deliberative processes among sci-
entists and practitioners requires empirical
evaluation (§).

To support the wide range of necessary
adjustments, we outline a comprehensive,
integrated approach to research in social,
physical, environmental, engineering,
and other sciences. We describe adapta-
tion science research needed to under-

stand decision processes and informa-
tion requirements, identify vulnerabilities
improve foresight about climate risks and
other stressors, and understand barriers and
options for adaptation.

Understand Dedsion Processes

and Knowledge Requirements

Adaptation science research must clar-
ify what types of scientific mformation are
required for improved decision-making.
Decision-makers are concerned with cost
feasibility, social acceptance, tradition, and
other factors. To close a “usability gap.” sci-
entific information must fit into existing con-
texts (9). Organzational cognitive, political
ethnographic, and dec sion sciences research
is needed to clarify the problem, the values
of participants, and the context in which the
information will be applied. Understand-
ing perception and apprehension of climate
change risks is also a priority.

Identify Vulnerabilities

Research to characterize vulnerability and
adaptive capacity focuses on pinpoint-
ing infrastructure, economic sectors, geo-
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nforming the extensive preparations

needed to manage climate risks, avoid

damages and realize emerging opportu-
nities s a grand challenge for climate change
science. US. President Obama underscored
the need for this research when he made cli-
mate preparedness a pillar of his climate pol
icy. Adsptation improves preparedness and is
one of two broad and increasingly important
strategies (along with mitigation) for climate
risk management. Adaptation is required
in virtually all sectors of the economy and
regions of the globe, for both built and natu-
ral systems (/).

However, without the appropriate sci-
ence delivered in a decision-relevant con-
text, it will become increasingly difficult—if
not impossible—0 prepare adequately (2).
We suggest a number of measures to has-
ten the development of science to comrect
maladaptations © current climate variabil-
ity and support society s increasing need to
adapt to achanging climate, drawing on les-
sons from experience, msights from related
endeavors such as sustainability science (3),
and input from scientific and stakeholder
communities.

Adaptation Planning, Information Gaps,
and the Need for Adaptation Sdence
Initial adaptation planning is occurring in
some sectors, such as watker resource man-
agement, forestry, insurance, and coastal
zone management. A limited but growing
number of states and cities are develop-
ing adaptation plans. US. federal agencies
have implemented sustainability plans that
include mitigation and adaptation (4).
There are serious science gaps, how-
ever (5, 6). In many communities, decision-
makers lack climate information or the
means 1o apply it. In others, knowledge of
current or polential future impactsexists, but
not in a form or context that dec sion-makers
can assimilate or act on in advance. In stll
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others, engineering innovations are needed,
as well associal science knowledge, to guide
technology deployment and adjustments
to management, investments, and public
policy.

A key characteristic of emerging adapta-
tion science is that it 5 both basic—in that
it contributes to understanding fundamen-
tal physical, environmental and socioeco-
nomic research questions—and applied,
because itis problem focused. Scientists and
practitioners “coproduce™ relevant research
by jointly defining questions and maintain-
ing frequent interactions (7). Coproduction
is challenging to implement and sustain
because participants often have different
roles, vocabularies interests methods, and
incentives. The effectiveness of communica-
tions and deliberative processes among sci-
entists and practitioners requires empirical
evaluation (§).

To support the wide range of necessary
adjustments, we outline a comprehensive,
integrated approach to research in social,
physical, environmental, engineering,
and other sciences. We describe adapta-
tion science research needed to under-

stand decision processes and informa-
tion requirements, identify vulnerabilities
improve foresight about climate risks and
other stressors, and understand barriers and
options for adaptation.

Understand Dedsion Processes

and Knowledge Requirements

Adaptation science research must clar-
ify what types of scientific mformation are
required for improved decision-making.
Decision-makers are concerned with cost
feasibility, social acceptance, tradition, and
other factors. To close a “usability gap.” sci-
entific information must fit into existing con-
texts (9). Organzational cognitive, political
ethnographic, and decsion sciences research
is needed to clarify the problem, the values
of participants, and the context in which the
information will be applied. Understand-
ing perception and apprehension of climate
change risksis also a priority.

Identify Vulne rabil ities

Research to characterize vulnerability and
adaptive capacity focuses on pinpoint-
ing infrastructure, economic sectors, geo-
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needed to manage climate risks, avoid

damages and realize emerging opportu-
nities s a grand challenge for climate change
science. US. President Obama underscored
the need for this research when he made cli-
mate preparedness a pillar of his climate pol
icy. Adsptation improves preparedness and is
one of two broad and increasingly important
strategies (along with mitigation) for climate
risk management. Adaptation is required
in virtually all sectors of the economy and
regions of the globe, for both built and natu-
ral systems (/).

However, without the appropriate sci-
ence delivered in a decision-relevant con-
text, it will become increasingly difficult—if
not impossible—0 prepare adequately (2).
We suggest a number of measures to has-
ten the development of science to comrect
maladaptations © current climate variabil-
ity and support society s increasing need to
adapt to achanging climate drawing on les-
sons from experience, msights from related
endeavors such as sustainability science (3),
and input from scientific and stakeholder
communities.

Infonning the extensive preparations

Adaptation Planning, Information Gaps
and the Need for Adaptation Sdence
Initial adaptation planning is occurring in
some sectors, such as watker resource man-
agement, forestry, insurance, and coastal
zone management. A limited but growing
number of states and cities are develop-
ing adaptation plans. US. federal agencies
have implemented sustainability plans that
include mitigation and adaptation ().
There are serious science gaps, how-
ever (5, 6). In many communities, decision-
makers lack climate information or the
means 1o apply it. In others, knowledge of
current or polential future impactsexists, but
not in a form or context that dec sion-makers
can assimilate or act on in advance. In stll
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Adaptation requires science that ana lyzes
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others, engineering innovations are needed,
as well associal science knowledge, to guide
technology deployment and adjustments
to management, investments, and public
palicy.

A key characteristic of emerging

. . " — na
it contributes to understanding fundamen-
tal physical, environmental and socioeco-
nomic research questions—and applied,
because itis problem focused. Scientists and
practitioners “coproduce™ relevant research
by jointly defining questions and maintain-
ing frequent interactions (7). Coproduction
is challenging to implement and sustain
because participants often have different
roles, vocabularies interests methods, and
incentives. The effectiveness of communica-
tions and deliberative processes among sci-
entists and practitioners requires empirical
evaluation (§).

To support the wide range of necessary
adjustments, we outline a comprehensive,
integrated approach to research in social,
physical, environmental, engineering,
and other sciences. We describe adapta-
tion science research needed to under-

stand decision processes and informa-
tion requirements, identify vulnerabilities
improve foresight about climate risks and
other stressors, and understand barriers and
options for adaptation.

Unoerstand Deasion Processes

and Knowledge Requirements

Adaptation science research must clar-
ify what types of scientific mformation are
required for improved decision-making.
Decision-makers are concerned with cost
feasibility, social acceptance, tradition, and
other factors. To close a “usability gap.” sci-
entific information must fit into existing con-
texts (9). Organzational cognitive, political
ethnographic, and decsion sciences research
is needed to clarify the problem, the values
of participants, and the context in which the
information will be applied. Understand-
ing perception and apprehension of climate
change risksis also a priority.

Identify Vulne rabil ities

Research to characterize vulnerability and
adaptive capacity focuses on pinpoint-
ing infrastructure, economic sectors, geo-
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nforming the extensive preparations

needed to manage climate risks, avoid

damages and realize emerging opportu-
nities s a grand challenge for climate change
science. US. President Obama underscored
the need for this research when he made cli-
mate preparedness a pillar of his climate pol
icy. Adaptation improves preparedness and is
one of two broad and increasingly important
strategies (along with mitigation) for climate
risk management. Adaptation is required
in virtually all sectors of the economy and
regions of the globe, for both built and natu-
ral systems (/).

However, without the appropriate sci-
ence delivered in a decision-relevant con-
text, it will become increasingly difficult—if
not impossible—0 prepare adequately (2).
We suggest a number of measures to has-
ten the development of science to comrect
maladaptations © current climate variabil-
ity and support society s increasing need to
adapt to achanging climate drawing on les-
sons from experience, insights from related
endeavors such as sustainability science (3),
and input from scientific and stakeholder
communities.

Adaptation Planning, Information Gaps,
and the Need for Adaptation Sdence
Initial adaptation planning is occurring in
some sectors, such as watker resource man-
agement, forestry, insurance, and coastal
zone management. A limited but growing
number of states and cities are develop-
ing adaptation plans. US. federal agencies
have implemented sustainability plans that
include mitigation and adaptation (4).
There are serious science gaps, how-
ever (5, 6). In many communities, decision-
makers lack climate information or the
means to apply it. In others, knowledge of
current or polential future impactsexists, but
not in a form or context that dec sion-makers
can assimilate or act on in advance. In stll
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others, engineering innovations are needed,
as well associal science knowledge, to guide
technology deployment and adjustments
to management, investments, and public
palicy.

A key characteristic of emerging adapta-
tion science is that it 5 both basic—in that
it contributes to understanding fundamen-
tal physical, environmental and socioeco-
nomic research questions—and applied,
because itis problem focused. Scientists and
practitioners “coproduce™ relevant research
by jointly defining questions and maintain-
ing frequent interactions (7). Coproduction
is challenging to implement and sustain
because participants often have different
roles, vocabularies interests methods, and
incentives. The effectiveness of communica-
tions and deliberative processes among sci-
entists and practitioners requires empirical
evaluation (§).

To support the wide range of necessary
adjustments, we outline a comprehensive,
inegrated approach to research in social,
physical, environmental, engineering,
and other sciences. We describe adapta-
tion science research needed to under-

stand decision processes and informa-
tion requirements, identify vulnerabilities
improve foresight about climate risks and
other stressors, and understand barriers and
options for adaptation.

Understand Dedsion Processes
and Knowledge Requirements
Adaptation science research must clar-
ify what types of scientific mformation are
required for improved decision-making.
Decision-makers are concerned with cost
feasibility, social acceptance, tradition, and
other factors. To close a “usability gap.” sci-
entific information must fit into existing con-
texts (9). Organzational cognitive, political
ethnographic, and dec sion sciences research
is needed to clarify the problem, the values
of participants, and the context in which the
information will be applied. Understas
ing perception and apprehensiog
change risks is alko a pgose?

Identify Valne rabil ities

Research to characterize vulnerability and
adaptive capacity focuses on pinpoint-
ing infrastructure, economic sectors, geo-
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needed to manage climate risks, avoid

damages and realize emerging opportu-
nities s a grand challenge for climate change
science. US. President Obama underscored
the need for this research when he made cli-
mate preparedness a pillar of his climate pol
icy. Adsptation improves preparedness and is
one of two broad and increasingly important
strategies (along with mitigation) for climate
risk management. Adaptation is required
in virtually all sectors of the economy and
regions of the globe, for both built and natu-
ral systems (/).

However, without the appropriate sci-
ence delivered in a decision-relevant con-
text, it will become increasingly difficult—if
not impossible—0 prepare adequately (2).
We suggest a number of measures to has-
ten the development of science to comrect
maladaptations © current climate variabil-
ity and support society s increasing need to
adapt to achanging climate drawing on les-
sons from experience, msights from related
endeavors such as sustainability science (3),
and input from scientific and stakeholder
communities.

Infonniug the extensive preparations

Adaptation Planning, Information Gaps,
and the Need for Adaptation Sdence
Initial adaptation planning is occurring in
some sectors, such as watker resource man-
agement, forestry, insurance, and coastal
zone management. A limited but growing
number of states and cities are develop-
ing adaptation plans. US. federal agencies
have implemented sustainability plans that
include mitigation and adaptation (4).
There are serious science gaps, how-
ever (5, 6). In many communities, decision-
makers lack climate information or the
means 1o apply it. In others, knowledge of
current or polential future impactsexists, but
not in a form or context that dec sion-makers
can assimilate or act on in advance. In stll
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others, engineering innovations are needed,
as well associal science knowledge, to guide
technology deployment and adjustments
to management, investments, and public
policy.

A key characteristic of emerging adapta-
tion science is that it 5 both basic—in that
it contributes to understanding fundamen-
tal physical, environmental and socioeco-
nomic research questions—and applied,
because itis problem focused. Scientists and
practitioners “coproduce™ relevant research
by jointly defining questions and maintain-
ing frequent interactions (7). Coproduction
is challenging to implement and sustain
because participants often have different
roles, vocabularies interests methods, and
incentives. The effectiveness of communica-
tions and deliberative processes among sci-
entists and practitioners requires empirical
evaluation (§).

To support the wide range of necessary
adjustments, we outline a comprehensive,
inegrated approach to research in social,
physical, environmental, engineering,
and other sciences. We describe adapta-
tion science research needed to under-

stand decision processes and informa-
tion requirements, identify vulnerabilities
improve foresight about climate risks and
other stressors, and understand barriers and
options for adaptation.

Understand Dedsion Processes
and Knowledge Requiremen
Adaptation science research must clar-
ify what types of scientific mformation are
required for improved decision-making.
Decision-makers are concerned with cost
feasibility, social acceptance, tradition, and
other factors. To close a “usability gap.” sci-
entific information must fit into existing con-
texts (9). Organzational cognitive, political
ethnographic, and decsion sciences research
is needed to clarify the problem, the values
of participants, and the context in which the
information will be applied. Understand-
ing perception and apprehension of climate
change risksis also a priority.

Identify Vulne rabil ities

Research to characterize vulnerability and
adaptive capacity focuses on pinpoint-
ing infrastructure, economic sectors, geo-
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graphic areas, population groups, and eco-
systems at greatest risk of harm (/0). Two
challenges are to:

Improve data, methods, and scenar-
ios for research on vulnerabdity and resl-
ience of human and natural sysems. A geo-
referenced data system for factors such as
population, economic status, preparedness,
natural capital, and location of sensitive
infrastructure needs © be established and
maintained to identify vulnerable human
communities and environments. Effective
response will be aided by understanding the
extent to which vulnerability arises from
poverty, under-investment, environmental
factors, and their interactions with climate
variability and change.

Identify cimate hresholds in vulnerable
systems. Knowledge of climate and related
thresholds, points at which fundamental
transformations occur in natural or human
systems as climate changes, will improve
resource management and inform debates
about future atmospheric greenhouse gas
stabilization. Coupled with ime-dependent
climate scenarios, improved knowledge of
climate thresholds may help in estimating
when effects could occur and thus facilitate

setting adaptation priorities

Improve Foresight About Climate Hazards
and Other Stressors
Physical and biological scientists must
study climate processes and develop mod-
els to deliver insights about climatke fea-
tures, including temperature and precipita-
tion extremes, and related processes such as
evolution of ecosystems, sea level rise, and
other first-order effects. Social sciences can
characterize human contributions to climate
change through emissions and land use and
inform mechanisms for improving interac-
tions between climate scientists and poten-
tialusers( //). Research challenges include:
Understand recent and potential future
change s inextreme climag events. Extremes
occur on many spatial and time scales.
They include heat waves, droughts floods,
storms, and other events that have major
effects on humanand natural systems. There
is evidence that many of these extremes
are intensifying (/, 12). A concerted focus
on detectmg changes in extremes and

improving predictive products can provide
mponm( inputs to adaptation planning and

Imp‘ove integration of weather and cli-
mage information Common elements of ini-
tializing predictions with observations and
providing probabilistic weather and climate
information across time scales can consti-
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tute a unified approach for weather forecasts
and climate predictions (13, 14). Decadal
climate predictions with next-generation,
high-resolution global climate models [eg.,
(15)] have the potential to produce proba-
bilistic nearterm climate information over
the next decade and improve insight into
future conditions to which human societies
will have to adapt (/6). Research is needed
© formulate methods for presenting global
climate model information in probabilistic
form and applying that information © risk
assessment and management (/7).

Tailor climate information to facilitate
ity application in decision-making. Sus-
tained interactions among researchers and
decision-makers are needed not only to
understand how climate affects assets or
resources but also to identify how climate
mformation can be used in decisions (/5).
In addition © glohal climate models, other
tools can produce relevant information,
such as less computationally intensive inter-
mediate-complexity modek [eg., © assess
uncerntainty (19)], qualitative scenaro plan-
ning approaches (20), and decision-analytic
approaches to use climate model informa-
tion in ways that supplement conventional
scenario-led studies [e.g., (/7)]. Climate
and decision scientists can tailor informa-
tion for application through downscaling of
climate model data [eg., (21)] or running
fully dynamical nested numerical models

at regional or finer grid spacings [e.g., the
North American Regional Climate Change
Assessment Program (22)).

Eswublish climate information services
at the national and international level to
trunslate and communicate adaptation si-
ence to public and private sector decision
makers. The Global Framework for Climate
Services (23) provides a foundation for cli-
mate services being developed in many
countries. Development of climate services
should engage decision-makers, research-
ers, and others to ensure that products are
relevant, uncertainties are explicit, and a
portfolio of products that combine monitor-
ing and projections are useable to decsion
makers. The U.S. National Academy of Sci-
ences has emphasized the need for climake
services (24), and the U.S. Global Change
Research Program (USGCRP) has made
climate adaptation science that would use cli-
mate information a focus of its 10-year plan

25). Current funding levels are inadequate

and declining, and incentives and means
to engage with stakeholders are lacking,
inhibiting service development and delivery
(3, 26)

Identify Barriers, Broaden the Range of
Adaptation Options, and Promote Learning
Options need to be studied to guide adjust-
ments in technology, management practices,
public policy, standards, institutions, gover-
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graphic areas, population groups, and eco-
systems at greatest risk of harm (/0). Two
challenges are to:

Improve data, methods, and scenar-
ios for research on vulnerabdity and resl-
ience of human and natural sysems A geo-
referenced data system for factors such as
population, economic status, preparedness,
natural capital, and location of sensitive
infrastructure needs © be established and
maintained to identify vulnerable human
communities and environments. Effective
response will be aided by understanding the
extent to which vulnerability arises from
poverty, under-investment, environmental
factors, and their interactions with climate
variability and change.

Identify cimate thresholds in vulnerable
systems. Knowledge of climate and related
thresholds, points at which fundamental
transformations occur in natural or human
systems as climate changes, will improve
resource management and inform debates
about future atmospheric greenhouse gas
stabilization. Coupled with ime-dependent
climate scenarios, mproved knowledge of
climate thresholds may help in estimating
when effects could oocur and thus facilitate
setting adaptation priorities

Improve Foresight Abeut Climate Hazards
and Other Stressors
Physical and biological scientists must
study climate processes and develop mod-
els to deliver insights about climate fea-
tures, including temperature and precipita-
tion extremes, and related processes such as
evolution of ecosystems, sea level rise, and
other first-order effects. Social sciences can
characterize human contributions to climate
change through emissions and land use and
inform mechanisms for improving interac-
tions between climate scientists and poten-
tialusers( / /). Research challenges include:

Understand recent and potential future
changes inextreme climage events. Extremes
occur on many spatial and time scales.
They include heat waves, droughts floods,
storms, and other events that have major
effects on humanand natural systems. There
is evidence that many of these extremes
are intensifying (/, 12). A concerted focus
on detecting changes in extremes and
improving predictive products can provide
important inputs to adaptation planning and
preparedness

Improve integration of weather and dli-
mag information Common elements of ini-
tializing predictions with observations and
providing probabilistic weather and climate
information across time scales can consti-
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od approach for weather forecasts
and climate predictions (13, 14). Decadal
climate predictions with next-generation,
high-resolution global climate models [eg.,
(15)] have the potential to produce proba-
bilistic nearterm climate information over
the next decade and improve insight into
future conditions to which human societies
will have to adapt (/6). Research is needed
© formulate methods for presenting global
climate model information in probabilistic
form and applying that information © risk
assessment and management (/7).

Tailor climate information to facilitate
ity application in decision-making. Sus-
tained interactions among researchers and
decision-makers are needed not only to
understand how climate affects assets or
resources but also to identify how climate
mformation can be used in decisions (/5).
In addition © glohal climate models, other
tools can produce relevant information,
such as less computationally intensive inter-
mediae-complexity modek [e g, © assess
uncertainty (19)], qualitative scenarnio plan-
ning approaches (20), and decision-analytic
approaches to use climate model informa-
tion in ways that supplement conventional
scenario-led studies [e.g., (/7). Climate
and decision scientists can tailor informa-
tion for application through downscaling of
climate model data [eg., (2])] or running
fully dynamical nested numerical models

at regional or finer grid spacings [e.g., the
North American Regional Climate Change
Assessment Program (22)).

Esublish climate information services
at the national and international level to
trunslate and communicate adaptation i
ence to public and private sector decision
makers. The Global Framework for Climate
Services (23) provides a foundation for cli-
mate services being developed in many
countries. Development of climate services
should engage decision-makers, research-
ers, and others to ensure that products are
relevant, uncertainties are explicit, and a
portfolio of products that combine monitor-
ing and projections are useable to decision
makers. The U.S. National Academy of Sci-
ences has emphasized the need for climate
services (24), and the U.S. Global Change
Research Program (USGCRP) has made
climate adaptation science that would use cli-
mate information a focus of its 10-year plan
(25). Current funding levekls are inadequate
and declining, and incentives and means
to engage with stakeholders are lacking,
inhibiting service development and delivery
(3, 26).

Identify Barriers, Broaden the Range of
Adaptation Options, and Promote Learning
Options need to be studied to guide adjust-
ments in echnology, management practices
public policy, standards, institutions, gover-

Improve Forsight About Climate

Hazards and Other Stressors
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graphic areas, population groups, and eco-
systems at greatest risk of harm (/0). Two
challenges are to:

Improve data, methods, and scenar-
ios for research on vulnerabdity and resl-
ience of human and natural sysems A geo-
referenced data system for factors such as
popuation, economic status, preparedness,
natural capital, and location of sensitive
infrastructure needs © be established and
maintained to identify vulnerable human
communities and environments. Effective
response will be aided by understanding the
extent to which vulnerability arises from
poverty, under-investment, environmental
factors, and their interactions with climate
variability and change.

Identify cimate tresholds in vulnerable
systems. Knowledge of climate and related
thresholds, points at which fundamental
transformations occur in natural or human
systems as climate changes, will improve
resource management and inform debates
about future atmospheric greenhouse gas
stabilization. Coupled with ime-dependent
climate scenarios, improved knowledge of
climate thresholds may help in estimating
when effects could occur and thus facilitate
setting adaptation priorities

Improve Foresight About Climate Hazards
and Other Stressors
Physical and biological scientists must
study climate processes and develop mod-
els to deliver insights about climate fea-
tures, including temperature and precipita-
tion extremes, and related processes such as
evolution of ecosystems, sea level rise, and
other first-order effects. Social sciences can
characterize human contributions to climate
change through emissions and land use and
inform mechanisms for improving interac-
tions between climate scientists and poten-
tialusers( / /). Research challenges include:

Understand recent and potential future
changes inextreme climage events. Extremes
occur on many spatial and time scales.
They include heat waves, droughts floods,
storms, and other events that have major
effects on humanand natural systems. There
is evidence that many of these extremes
are intensifying (1, 12). A concerted focus
on detecting changes in extremes and
improving predictive products can provide
important inputs to adaptation planning and
preparedness

Improve integration of weather and dli-
mag information Common elements of ini-
tialzing predictions with observations and
providing probabilistic weather and climate
information across time scales can consti-
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wte a unified approach for weather forecasts
and climate predictions (/3, 14). Decadal
climate predictions with next-generation,
high-resolution global climate models [eg.,
(15)] have the potential to produce proba-
bilistic nearterm climate information over
the next decade and improve insight into
future conditions to which human societies
will have to adapt (/6). Research is needed
© formulate methods for presenting global
climate model information in probabilistic
form and applying that information © risk
assessment and management (/7).

Tailor climate information to facilitate
ity application in decision-making. Sus-
tained interactions among researchers and
decision-makers are needed not only to
understand how climate affects assets or
resources but also to identify how climate
mformation can be used in decisions (/5).
In addition © glohal climate models, other
tools can produce relevant information,
such as less computationally intensive inter-
mediate-complexity modek [eg., © assess
uncertainty (/9)], qualitative scenarnio plan-
ning approaches ( X0), and decision-analytic
approaches to use climate model informa-
tion in ways that supplement conventional
scenario-led studies [e.g., (/7). Climate
and decision scientists can tailor informa-
tion for application through downscaling of
climate model data [e g., (2/)] or running
fully dynamical nested numerical models

at regional or finer grid spacings [e.g., the
North American Regional Climate Change
Assessment Program (22)).

Esublish climate information services
at the national and international level to
trunslate and communicate adaptation i
ence to public and private sector decision
makers. The Global Framework for Climate
Services (23) provides a foundation for cli
mate services being developed in many
countries. Development of climate services
should engage decision-makers, research-
ers, and others to ensure that products are
relevant, uncertainties are explicit, and a
portfolio of products that combine monitor-
ing and projections are useable to decision
makers. The U.S. National Academy of Sci-
ences has emphasized the need for climate
services (24), and the U.S. Global Change
Research Program (USGCRP) has made
¢limate adaptation science that would use cli
mate information a focus of its 10-year plan
(25). Current funding levels are inadequate
and declining, and incentives and means
to engage with stakeholders are lacking,
inhibiting service development and delivery
(3, 26).

Identify Barriers, Broaden the Range of
Adaptation Options, and Promote Learning

Options need to be studied to guide adjust-
ments in echnology, management practices
public policy, standards, institutions, gover-

|dentify Barriers, Broaden the Range o
Adaptation Options, and Promote
Learning
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graphic areas, population groups, and eco-
sysiems at greatest risk of harm (/0). Two
challenges are to:

Improve data, methods, and scenar-
ios for research on vulnerabdity and resl-
ience of human and natural sysems A geo-
referenced data system for factors such as
population, economic status, preparedness,
natural capital, and location of sensitive
infrastructure needs © be established and
maintained to identify vulnerable human
communities and environments. Effective
response will be aided by understanding the
extent to which vulnerability arises from
poverty, under-investment, environmental
factors, and their interactions with climate
variability and change.

Identify cimate tresholds in vulnerable
systems. Knowledge of climate and related
thresholds, points at which fundamental
transformations occur in natural or human
systems as climate changes, will improve
resource management and inform debates
about future atmospheric greenhouse gas
stabilization. Coupled with ime-dependent
climate scenarios, improved knowledge of
climate thresholds may help in estimating
when effects could oocur and thus facilitate
setting adaptation priorities

Improve Foresight About Climate Hazards
and Other Stressors
Physical and biological scientists must
study climate processes and develop mod-
els to deliver insights about climatke fea-
tures, including temperature and precipita-
tion extremes, and related processes such as
evolution of ecosystems, sea level rise, and
other first-order effects. Social sciences can
characterize human contributions to climate
change through emissions and land use and
inform mechanisms for improving interac-
tions between climate scientists and poten-
tialusers( / /). Research challenges include:

Understand recent and potential future
change s inextreme climage events. Extremes
occur on many spatial and time scales.
They include heat waves, droughts floods,
storms, and other events that have major
effects on humanand natural systems. There
is evidence that many of these extremes
are intensifying (/, 12). A concerted focus
on detecting changes in extremes and
improving predictive products can provide
important inputs to adaptation planning and
preparedness

Improve integration of weather and dli-
mag information Common elements of ini-
tializing predictions with observations and
providing probabilistic weather and climate
information across time scales can consti-
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wte a unified approach for weather forecasts
and climate predictions (13, 14). Decadal
climate predictions with next-generation,
high-resolution global climate models [eg.,
(15)] have the potential to produce proba-
bilistic nearterm climate information over
the next decade and improve insight into
future conditions to which human societies
will have to adapt (/6). Research is needed
© formulate methods for presenting global
climate model information in probabilistic
form and applying that information © risk
assessment and management (/7).

Tailor climate information to facilitate
ity application in decision-making. Sus-
tained interactions among researchers and
decision-makers are needed not only to
understand how climate affects assets or
resources but also to identify how climate
mformation can be used in decisions (/5).
In addition © glohal climate models, other
tools can produce relevant information,
such as less computationally intensive inter-
mediate-complexity modek [e g, © assess
uncertainty (19)], qualitative scenarnio plan-
ning approaches (20), and decision-analytic
approaches to use climate model informa-
tion in ways that supplement conventional
scenario-led studies [e.g., (/7). Climate
and decision scientists can tailor informa-
tion for application through downscaling of
climate model data [eg., (2])] or running
fully dynamical nested numerical models

at regional or finer grid spacings [e.g., the
North American Regional Climate Change
Assessment Program (22)).

Esublish climate information services
at the national and international level to
trunslate and communicate adaptation i
ence to public and private sector decision
makers. The Global Framework for Climate
Services (23) provides a foundation for cli-
mate services being developed in many
countries. Development of climate services
should engage decision-makers, research-
ers, and others to ensure that products are
relevant, uncertainties are explicit, and a
portfolio of products that combine monitor-
ing and projections are useable to decision
makers. The U.S. Natiomal Academy of Sci
ences has emphasized the need for climate
services (24), and the U.S. Global Change
Research Program (USGCRP) has made
climate adaptation science that would use cli-
mate information a focus of its 10-year plan
(25). Current funding levekls are inadequate
and declining, and incentives and means
to engage with stakeholders are lacking,
inhibiting service development and delivery
(3, 26).

Identify Barriers, Broaden the Range of
Adaptation Options, and Promote Learning
Options need to be studied to guide adjust-
ments in echnology, management practices
public policy, standards, institutions, gover-

Five Fields:
- Assessing the hazards
- Knowing the vulnerabillities
- Having foresight
- Understanding decision making
- Developing options

Moss et al., 2013
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Five Fields of
Adaptation Science:
- Hazards
- Vulnerabilities
- Foresight
- Decision making
- Options

Important:

|[dentify the system
and the challenge/
wicked problem
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Five Fields of Questions to asked:
Adaptation Science: - What system (ecosystem, species, community) are we

_ Hazards \ookiﬂg at? Why is there a need for the system to adapt?

_ Vulnerabilities What is the (wicked) problem?

. - What conceptual model represents the stocks, flows, and

B FOre,S',ght | feedback loops of the system?

- Decision making  _ \what are the hazards the system is exposed t0?

- Options - What are the (intrinsic) vulnerabilities of the system?
mportant - Foresight and Goals: \What are possible futures of the

, system” What are the desired futures?
|[dentify the system

- How are decisions made that impact the system and who
and the challenge/ 's making/can make these decisions” Who is impacted by
wicked problem the decisions?

- What options are there for interventions and how do these

interventions impact the system’s future”?
- Recommendations for actions
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System Science - Hazards |
What are the external threats? |
What are the internal threats?
What are the probabilities of these
hazards?

Decision Making
— Who is impacted by the
problem? \,
= Who can implement li}
w interventions? 1}
- What is the decision framework? |

Introduction
- The challenge
— Why is it important?
- What is causing the problem?
— Who is trying to solve it?

~ System Science - Vulnerabilities
. What vulnerabilities does the system
have?

Transformation Knowledge
- What options are there for
effective interventions?
- Which interventions can point the
system towards the desired
future?

What are the systems’s thresholds
and tipping points?

Conceptual Model
- The wicked problem
- The underlying system
- Stocks, flows, & feedbacks
— The decision space Goal Knowledge - Desirable futures
- Foresight and the system’s spectrum ‘
of possible futures? P
- What are the desirable futures and

why are they desirable? Recommendations
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Case Study

Process:

~epruary 8, 2019: Selection of case study

~ebruary 20, 2019: Class is reserved for work on case study

March 1, 2019: Draft outline and bibliography of the case study paper is due.
March 29, 2019: Draft case study paper is due

April 12: -Inal case study paper is due

April 12, 15, 19, 23, 2019:  Presentations are due
April 15, 17, 22, 24, 2019: Case study presentations (12+3 minutes)
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~epruary 8, 2019: Selection of case study

~ebruary 20, 2019: Class is reserved for work on case study

March 1, 2019: Draft outline and bibliography of the case study paper is due.
March 29, 2019: Draft case study paper is due

April 12: -Inal case study paper is due

April 12, 15, 19, 23, 2019:  Presentations are due
April 15, 17, 22, 24, 2019: Case study presentations (12+3 minutes)

Do not hesitate to ask if you are uncertain about
* the process,
® the wicked problem you are addressing in your case study,
e the research you need to do,
® or the paper you are writing.



