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« What is resilience

 Why it Is important

« Research & applications

« Opportunities to operationalize resilience
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The ability of a system to absorb or
withstand perturbations and other stressors
such that the system remains within the
same regime, essentially maintaining its

structure and functions.
-- Holling

1973
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STATE OF SYSTEM

Same “regime”
System functioning
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REGIMES SHIFTS
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Folke et al. 2004



Lots of Research on REGIMES SHIFTS

REGIME SHIFTS IN
SOCIAL-ECOLOGICAL SYSTEMS

ww.regimeshifts.org/iter
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Large persistent changes in ecosystem services ' ﬂ -
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Regime Shift
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Proc Natl Acad Sci U S A. 2016 Dec 20;113(51):14560-14567. doi: 10.1073/pnas.1604978113. Epub 2016 Nov 4.

Early warning signals of regime shifts in coupled human-environment systems.

Bauch CT’1: Sigdel RZ, Pharaon J3, Anand M*,
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Abstract

In complex systems, a critical transition is a shift in a system's dynamical regime from its current state to a strongly contr
external conditions move beyond a tipping point. These transitions are often preceded by characteristic early warning sig
increased system variability. However, early warning signals in complex, coupled human-environment systems (HESs) rg
Here, we compare critical transitions and their early warning signals in a coupled HES model to an equivalent environmg
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Focmg the Great Acceleration
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NOW FACE MASSIVE GLOBAL CHALLENGES

BY 2050 ...

GDP

Population will grow as  Need to grow more Need to bring modern
much as 30%, with food than we have in energy services to 1-2
triple GDP. past 10,000. billion more people

ALL WITH LESS RELIABLE WATER,
DECREASINGLY AVAILABLE LAND,

PRESERVING BIODIVERSITY,
W/ NET-ZERO CAROBN EMISSION BY 2050

14



Resilience and Sustainabllity

High
' sustainability

Y
LOW RESILIENCE
CAN DISRUPT
RESILIENCE ' TO MORE
\ SUSTAINABLE PATH

e

Low
sustainability

Elmquist et al. Nature Sustainability 2019




Nations Unies

Sendai Framework for Disaster Risk Reduction

2015-2030
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RESEARCH TO DATE
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Adaptive

Regenerative Capacity

Sensing Emerging Risks

Maintain |
Diversity Experimentation
Learning |
Manage Slow A
changing Variable Polycentric
Governance
Manage Feedbacks E

Connectivity |
|



HOW RESILIENCE RESEARCH IS USED...

[nternational Institute
for Environment
and Development

I r Rl silicnt food systems
:

B capacity of local organisations and institutions

(thiih food systems and sustaining local food system:s.

Resmence

Integrating Climate and Disaster
Risk into Development

The World Bank Group
Experience
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Answers essential

to implement policies & unleash investments

“You can’t manage what you can’t measure”
-- Peter Drucker
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Article 7 of the Paris Agreement

Global Goal “of enhancing adaptive capacity,

strengthening resilience and reducing vulnerability
to climate change.”

* What defines a resilient, vulnerable,
and adaptive capacity of a place?

 How do we, can we measure progress
toward achieving this goal?

futurerth

ustainability.



Related Concept: Vulnerabillity
Exposure Sensitivity

Potential Adaptive
impact capacity

Vulnerability

COMMONLY USED CONCEPTS IN THE IPCC



INTER-RELATED CONCEPTS
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“Avoid dangerous anthropogenic interference with the
climate system”. -UNFCCC 1992

What is dangerous?
And how do we track progress to this goal?

Carbon Budget

Amount
Remaining:

The

threshold
of danger

futiuréth
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System
Governance

Global Carbon Budget 2017

CO. emisslons from als f

u of last year was not peak emissions after all...

CLOBAL CARBO

Future Earth Global

GLOBAL EMISSIONS GROWTH
UNCERTAINITY 0.8 - 3 %
PROJECTION FOR 2017

MORE VIDEOS
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http://www.google.co.jp/imgres?imgurl=http://www.globalcarbonproject.org/global/images/theme/gcp75.gif&imgrefurl=http://www.globalcarbonproject.org/carbonneutral/ZeroNet.htm&h=75&w=183&tbnid=UzsG9Vrge5p1tM:&zoom=1&docid=lJxPhEejxBpZoM&ei=zTGTVZ7mEdbj8AXHu734Dg&tbm=isch&ved=0CCEQMygBMAE&biw=1346&bih=599
http://www.google.co.jp/imgres?imgurl=http://www.globalcarbonproject.org/global/images/theme/gcp75.gif&imgrefurl=http://www.globalcarbonproject.org/carbonneutral/ZeroNet.htm&h=75&w=183&tbnid=UzsG9Vrge5p1tM:&zoom=1&docid=lJxPhEejxBpZoM&ei=zTGTVZ7mEdbj8AXHu734Dg&tbm=isch&ved=0CCEQMygBMAE&biw=1346&bih=599
http://www.google.co.jp/imgres?imgurl=http://www.igacproject.org/sites/all/themes/bluemasters/images/LogoFiles/IGACLogo/IGAC_300dpi_white.png&imgrefurl=http://www.igacproject.org/Logos&h=1101&w=1093&tbnid=jQT1mHEZhKuMLM:&zoom=1&docid=Sdoyf4W-FofpnM&ei=IjSTVYPSDJLM8gW0toHABQ&tbm=isch&ved=0CCAQMygAMAA
http://www.google.co.jp/imgres?imgurl=http://www.igacproject.org/sites/all/themes/bluemasters/images/LogoFiles/IGACLogo/IGAC_300dpi_white.png&imgrefurl=http://www.igacproject.org/Logos&h=1101&w=1093&tbnid=jQT1mHEZhKuMLM:&zoom=1&docid=Sdoyf4W-FofpnM&ei=IjSTVYPSDJLM8gW0toHABQ&tbm=isch&ved=0CCAQMygAMAA
http://www.earthsystemgovernance.org/
http://www.earthsystemgovernance.org/
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http://www.imber.info/
http://www.imber.info/
http://www.google.co.jp/imgres?imgurl=https://ugec.org/files/2015/06/AIMES-300x236.jpg&imgrefurl=https://ugec.org/&h=236&w=300&tbnid=jakdYOZuxOOzRM:&zoom=1&docid=phGUOxNL1VP1MM&ei=LDCTVZC4ONXh8AXpgo3IAg&tbm=isch&ved=0CCAQMygAMAA
http://www.google.co.jp/imgres?imgurl=https://ugec.org/files/2015/06/AIMES-300x236.jpg&imgrefurl=https://ugec.org/&h=236&w=300&tbnid=jakdYOZuxOOzRM:&zoom=1&docid=phGUOxNL1VP1MM&ei=LDCTVZC4ONXh8AXpgo3IAg&tbm=isch&ved=0CCAQMygAMAA
http://www.earthsystemgovernance.org/
http://www.earthsystemgovernance.org/
http://www.google.co.jp/imgres?imgurl=http://www.globalcarbonproject.org/global/images/theme/gcp75.gif&imgrefurl=http://www.globalcarbonproject.org/carbonneutral/ZeroNet.htm&h=75&w=183&tbnid=UzsG9Vrge5p1tM:&zoom=1&docid=lJxPhEejxBpZoM&ei=zTGTVZ7mEdbj8AXHu734Dg&tbm=isch&ved=0CCEQMygBMAE&biw=1346&bih=599
http://www.google.co.jp/imgres?imgurl=http://www.globalcarbonproject.org/global/images/theme/gcp75.gif&imgrefurl=http://www.globalcarbonproject.org/carbonneutral/ZeroNet.htm&h=75&w=183&tbnid=UzsG9Vrge5p1tM:&zoom=1&docid=lJxPhEejxBpZoM&ei=zTGTVZ7mEdbj8AXHu734Dg&tbm=isch&ved=0CCEQMygBMAE&biw=1346&bih=599
http://www.google.co.jp/imgres?imgurl=http://www.igacproject.org/sites/all/themes/bluemasters/images/LogoFiles/IGACLogo/IGAC_300dpi_white.png&imgrefurl=http://www.igacproject.org/Logos&h=1101&w=1093&tbnid=jQT1mHEZhKuMLM:&zoom=1&docid=Sdoyf4W-FofpnM&ei=IjSTVYPSDJLM8gW0toHABQ&tbm=isch&ved=0CCAQMygAMAA
http://www.google.co.jp/imgres?imgurl=http://www.igacproject.org/sites/all/themes/bluemasters/images/LogoFiles/IGACLogo/IGAC_300dpi_white.png&imgrefurl=http://www.igacproject.org/Logos&h=1101&w=1093&tbnid=jQT1mHEZhKuMLM:&zoom=1&docid=Sdoyf4W-FofpnM&ei=IjSTVYPSDJLM8gW0toHABQ&tbm=isch&ved=0CCAQMygAMAA
http://ihopenet.org/
http://ihopenet.org/
http://irg.bnu.edu.cn/index.asp
http://irg.bnu.edu.cn/index.asp
http://www.pages-igbp.org/
http://www.pages-igbp.org/
http://www.pecs-science.org/2.1a508a66139b5dba5cb1fc.html
http://www.pecs-science.org/2.1a508a66139b5dba5cb1fc.html
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Nations Unies

Global Goal “of enhancing
adaptive capacity,
strengthening resilience and
reducing vulnerability

to climate change.”

We need METRICS to track progress that are:
* Place based
 Generalizable

* Globally trackable
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Existing Metric are all theory based not data
based, and thus not effectively generalizable

Proxy Indicators
determinants of Resilience

Classification Hierarchy for Variables in Composite Indicator Methodologies

T t Categor: Indicators Sub-Indicators Variables

The City
Resilience
Index

Place-based

One-size fits all



Related Issue Social Vulnerabillity

Variables Used in SoVI® C E N S
Variab Description
QHISP % Hispanic population

MDGR Median gross rent for for QMO % Population living
ENT renter-occupiedhousing HO in mobile homes

units
MEDA Median age QNAT % Native American
GE AM population
MHSE Median dollar value of

VAL owner-occupied housing

QNOA % Housing units with no car
UTO available

units QNRR % Population living in
PERCAPer capitaincome ES nursing facilities
P QPOV % Persons living in poverty
PPUNI Average number of people TY
T per household QREN % Renter-occupied housing
QAGE % Population under 5 years Lo s
DEP orage 65 and over QRICH % Families earning more
QASIA % Asian population 200K than $200,000 per year
N QSER % Employmentin service
QBLA % African American (Black) V occupations
CK population QSSBE % Households receiving
QCVL % Civilian labor force N Social Security benefits
UN unemployed QUNO % Unoccupied housing
QED1 % Population over 25 with CCHU units
2LES lessthan 12 years of QNOH % population without
education LTH health insurance (COUNTY
QESL 9% Population speaking SoVI® ONLY)
Cutter, S. L., Boruff, B. J., & Shirley, English as & secord HOSP Community hospitals per

language with limited TPC capita (COUNTY SoVI®
English proficiency ONLY)

A

vulnerability to environmental hazards.




People & Pixels to scale from bottom up

High
Vulnerability

Low
Vulnerability

V' = Expected Value
(sensitivity/state relative to a threshold),

V :/<|anpf/—/s/):|>deX,
Generalizable
Place-based
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REVIEWS

Early-warning signals for critical transitions

Marten Scheffer', Jordi Bascompte”, William A. Brock’, Victor Brovkin, Stephen R. Carpenter”, Vasilis Dakos',

Hermann Held®, Egbert H. van Nes', Max Rietkerk” & George Sugihara®

Complex dynamical systems, ranging from ecosystems to financial markets and the climate, can have tipping points at which
a sudden shift to a contrasting dynamical regime may occur. Although predicting such critical points before they are reached
is extremely d""'B"" winvl in diffavant criantific finlde ie naur enggasting the existence of generic early-warning signals that

environmental stress gradlent) high
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NEW DATA & ANALYSTICS —

Open Up NEW APPROACHES TO RESILIENCE METRICS
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What We B

& vizonom

Our vision is for planetary-si y

everyone lives in a safe, eq ——r
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Place based
Generalizable
Globally frackable
Which requires a data analytics approach

futur@r?h
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ADATA-BASED,:TRANSD‘IS-CIPL‘INARYAPPRO CH

The data and the theory are now there to scale
we Just need to work tqgether
' to make lt happen

)



Sustainability
inthe Digital Age

Opportunities for
transformations to
global sustainability

'\ 1)
\l‘,.‘\

Re-envisioning the world
Changing Earth and
social systems

Seek to understand Earth
and social systems in
a changing world

Research. Innovation. Sustainability.



Thank youl!



