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through emissions of
greenhouse gases, have
unequivocally caused global
warming, with global surface
temperature reaching 1.1 °C
above 185011900 in 2011
=M= MO LWL

(IPCC, ARG, Headline Statement, A.1)
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Greenhouse gas emissions are increasing!

néslobal greenhouse gas

D Tl T emissions have continued to.

N - Increase ,_Wlth une_qua_ll hlstor_lc_al
% emissions and ongoing contributions arising
o e from unsustainable energy use,
£ ﬂﬁ%d land use and land-use change,
5 . lifestyles and patterns of
5" sl consumption and production

0 . , - across regions, between and

= = = = within countries, and among

individuals ( high confidence b O LL

(IPCC, ARG, Headline Statement, A.1)



Extreme Weatherimpacts

caused climate change across the globe due to weather and
climate extremes.

@CBS NEWS Extreme weather is making parts of

Rare deluge floods parts of the Sahara Australia uninhabitable
desert for the first time in decades Some towns and suburbs will have to move to higher ground

Dec 20th 2022 | LISMORE

A2 NBC NEWS
Hurricane Helene was wetter and windier due
to climate change, report finds — with same

= |@W Climate Solutions leather

expected of Milton

The high sea surface temperatures that have helped both storms intensify were 200 to 500 times The system that moves V_Vater around th_e Earth is
off balance for the first time in human history

more likely because of climate change, the researchers found.

Oct. 8, 2024, 11:00 PM CDT By Laura Paddison, CNN
® 4 minute read - Published 6:00 PM EDT, Wed October 16, 2024
By Evan Bush



If only we can get to net zero CO2!

IPCC ARG Synthesis Report P
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be limited by deep, rapid and sustained global greenhouse gas
emissions reductiont

X RU R q R tbaulHed glabal Warmingrequires net zero CO2
emissions O

BN 6 131 rEpiHR Eldsieglivindowof opportunity to secure a
liveable and sustainable future for all very high confidences O

So,the IPCC authors think the ship is still at port!
(l.e., we can still mitigate the effects of greenhouse gases if
we act NOW and GLOBALLY in concert.)
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Political Will?

POLITICO

This time, the far-right threat
Is real

The next European Parliament looks more pro-Russian and less green than
the current one. Could a far-right EU really happen?

6 Feb 2024; By Eddy Wax

Ehe New Hork Times

OPINION
DAVID BROOKS

Globalization Is Over. The Global

Culture Wars Have Begun.

April 8, 2022

FP ARGUMENT An expert's point of view on a current ev

Far-Right Extremlsm Is a Global
Problem

And it is time to treat it like one.

15 Jan 2021

By Heather Ashby

The Washington Post

"Trump Has Vowed To Gut Climate Rules. Oil
Lobbyists Have A Plan Ready."

Evan Halper and Josh Dawsey report for the Washington Post October 18, 2024.

The — -, .
Economist = Menu  Weekly edition = The world in brief Q. Search ~

Current edition

Browse all editions

TITK; right goes gaga: Meet the
Global Anti-Globalist Alliance



Not likely

AUnfortunately, we cannot count on central governments
to act rationally with respect to climate change (among
Yaqé Il WagéRUNt b8

ASo, for all practical purposes,the ship has sailed L ; we
are not going to get to net zero emissions in time (ever)




Chris you are such a pessimist!

“The pessimist complains about the wind; the optimist expects it to
change, the realist adjusts the sails.”

— William Arthur Ward

f gkt WqRAOWDWagYWET Tet qllqgd

We need to live with or adapt to
climate change.



Resilience and Adaptation!

AResilience a thigisapacity of social, economic and environmental
systemsto cope with a hazardous event or trend or disturbance,
responding or reorganisingin ways thatmaintain their essential
function, identity and structure, while also maintaining thecapacity
for adaptation, learning and transformatiorgkbc asanexii: Glossary)

AAdaptation : /bR U UG 2 G ¢ UsLile Iprocgdd afddjustment to
actual or expected climate and its effects, in order tonoderate harm
or exploit beneficial opportunitieSH (Pcc Agannex Ii: Glossary)

Snews The Washington Post
Biden to announce over $600M in Florida resiliency . .
projects following hurricanes ‘ After a summer of weather horrors, adapting to
climate change is an imperative

he president will be touring areas damaged by Helene and Milton on Sunday.
Perspective by Richard B. Rood and Elizabeth Gibbons
September 11, 2021 at 9:00 a.m. EDT




Adaptation!

Mach et al., Science 372, 1294-1299 (2021) 18 June 2021

Maybe not quite ready for this?



Climate Adaptation (not a new concept)

Humans have long migratedn responseto climate
related risks; e.g.,

Aseasonal migration patterns of pastoralists in the West

African Sahe| where communities traditionally move their guff?;’;“i'g‘ﬁs‘iZiir‘;”?fé?nimp
. . ounty, Oklahoma, April 1936.

herds north and south depending on rainfall patterns and e

the availablility of grazing land during different seasons

https:// en.wikipedia.org/wiki/ Dust_Bowl

Adust bowl migration from the US central plains to California
In 1930s

AMarginalized communities are already being forced to
relocate!

\ Families forced to evacuate Panama

Island due to rising sea levels

Residents of Gardj Sugdub are the first of 63 communities living along Panama's Caribbean
and Pacific coasts to be relocated due to their island sinking beneath sea levels.

https:// news.sky.com/story/families -forced-to—evacuatea——d—isa—levels—13146859



Adaptation Options

AResist
AAccommodate
AAvoid
ARetreat
AAdvance

Most reasonable choices are
combinations of these. There
are many decisions to make!

GOALS
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Reframing strategic, managed retreat for
transformative climate adaptation

Katharine J. Mach™?* and A. R. Siders®*

Walled ~ Elevated

Economic
security

Disaster risk
reduction

Social cohesion

=
(justice, culture) T
Environment
(livelihoods, nature) a
) Resist

Inform % Accommodate

.
TOOLS — Avoid S l—

Present

Advance
.

Floating Consolidated

Mach et al., Science 372, 1294-1299 (2021) 18 June 2021



Transformative Climate Adaptation

URBAN MANA GEMENT

A Tra n Sfo r m at | Ve C I | m ate Transformative climate adaptation in the

United States: Trends and prospects

adaptation is difficult!
A I t re q U I reS m any CO m p O n e ntS Of Transformatiogi:xschoi:(ijri\ti;I;eofosr;z:;i:gsct:::gl-;old Systems in Place

12 — Constants, parameters, numbers % §
a‘ Ve ry CO m p I eX Syste m to Structural/ 11 — Buffer sizes ;g

O
o=

10 — Structure of stocks and flows

Material

9 — Delays relative to change rates

orIBIU|

W

C h an g e I n aCO h e re nt Way' Procedural <°/O > 5 8 — Strength of balancing feedback loops ;i 3
At requires participation of all s % I ot oo |E1
the stakeholders in decision

Design

3

5 — System rules (incentives, constraints) 2e
4 — Power to add, change, self-organize system structure %_7 2
£.2 38

2353

3 — Goals of a system

. ’ = E_‘ @,

maki ng, many of whom do not 2~ Paradignimindee out of hichsystoms afee £ £ %
. T =

) Transformational/ 1 — Power to transcend paradigms 7 g—g

Intent 239

agree on the relevant
|nf0rmat|0n and have agendas Shi et al., Science 372, eabc8054 (2021) 25 June 2021
or are underrepresented! Who speaks for marginalized

groups?



Adaptation and Decisions

AAdaptation isincreasingly arbt Y H¢ 0 wlWI JHRT RY U LW
Acities, communities to individuals (central governments are not
going to get it done)
Alt requires understanding andmodeling complex systems

across diverse disciplinesand in the presence of
tremendous uncertainty to make informed decisions

AWhat does a statistician have to do with this?

AHelp make decisions in aormal decision theoretic frameworkin
the presence of data and other information -
ala

A Consider probability distributions across a wide range of — Coonce
processes and counterfactual scenarios /\

AQuantify uncertainty!!

np ——==_1



Roadmap for the Remainder of This Talk

AOptimizing decisions s/
ABayesian Perspective By
/== . 2
AHierarchical models (the power of
conditioning) A
ALimitations of current practice f,‘{:\
ANew methods that are helping :.l;

ANeeds into the future

A dYURWq6WWs ¢! AWf ka6 WG 3t JUaq Wt Yal
my own work and that of others (some In this
room)

ANo details in this talk



How to help make decisions for adaptation?

AUnderstand how what we care about is likely to
change under different climate change scenarios

Ae.g., say | care about freshwater fish abundance in a
river

As Hae RULE Wbl Rt ql RAz qRY U el g
scenarios w» A

AGiven these distributions, evaluate actions
(decisions) that you might take and make the
wH 1 ql wW JHRt RY U LW

Ae.g., limit fishing in the spring; introduce new habitat
structures, etc.

An effective strategy to make decisions in the presence of
uncertainty uses theBayesian inferential paradigm



Bayes Rule

Say we are interested
In doing inference on
fish weight (a measure
of growth), W.

We collect data about
fish weight, D.

We also have some
prior information about
fish weight that we
represent in the
distribution, p(W).

We update our information aboutW given

the data using Bayes Rule: BNR2WVUmWYI| WHHY
oIy
P
p(W|D) =
()

posterior distribution o< “likelihood” X
p(weight|data) o< p(data|weight)

Posterior

0.2 ke [
> Obs. Likelihood
= 0.15 :
-g .
o 0.1 :
o

0.05




Decision Making?

Say we have a collection of actions
(deC|S|ons) relative to the processW) that
JGIJUIT WY U UDY call thesel actions: 1A g8
a(D) (they are part of some collection of
possible actions, A={a A Bag}).L

We wish to consider the loss associated with
taking this action relative to the truth:
loss(a(D),W)

e.g., squarederror loss, (a(D)T WY



Decision Making: Bayes Risk

The optimal Bayes action/decision is the one thaiinimizes
the so-called Bayes risk

Informally, we could write this as the actioma(D)that
minimizes the expected loss:

Bayes risk =average(L(a(D),W)) {aw) = arg min / L(a(D),w)p}wD)dw}
/

where the average is with respect to theosterior o
_ _ _ This is where the
distribution, p(w|D). “— uncertainty

guantification comes in

n Wl AP aGHD! 96 JWGY tdatdodivenYs IR+ WA ¢
distribution p(D|w) and the prior distribution onW, p(W)



Challenges

ADo we know the collection of possible actions?

AWhat loss function is important to us?

ADo we really knowp(W|D)(or the components that we
used to get it; particularly the priorp(\W))?

\

All are important, but we focus here on
the last point.



Complexity in our prior knowledge

Do we knowp(W)?

Aln the real world, this is typically very complicated.

AE.g.,fish weight depends on water temperature, but water
temperature depends on air temperature and runoff, which
depend on local atmospheric conditions, which depend on
climate-scale processes, which depend on climate scenarios,
etc.

AHierarchical models can help!
AA series of conditional models




Hierarchical Models

AA hierarchical model is based on the simple notion of the
law of total probabillity:

p(A,B,C) = p(A|B,C)p(B|C)p(C)

AE.g., sayW T fish weight, T, T water temp, L- air temp
pPW, T, &) = p(WI [, B)p(T, | T)p(TL)

These make sense mechanistically, and we have models for
them (the models depend on parameter9!

In principle, easy to extend to a Bayesian hierarchical model: p(A,B,C | data)



Monte Carlo (MC) For complex processes, we might
obtain p(W)by aMonte Carlo

iIntegration procedure (e.g., integrate
out the T, , T, random effects).

“Historical” “Climate Change”
. i p(Ta)

(5000 samples)

p(W) = /T /T p(W|T)p(Tu|Ta)p(Ts)dT,dT,

0 a an £l
M Tomparnse G
s Hisogpars (Ranon Pasnetes)

20) 1
20) 1
150)
140
]
o
] E]
Puartn]
0|
00)
)
)
)
)
100)
o

oT. | T., 8 | Sample from the distribution of T, , plug
parma ) those into the T, distribution, and plug
l e those samples into theW distribution.

_ PW | T, By,g) f .
| (perameters are random) This Monte Carlo procedure couldhllow us

A thse disutionsdfrenc to consider how uncertainty propagates into
: the distribution of W under various

This can be a useful way to account for the scenarios (models) forT,
mHEE He T 1JWY ninlthéhetadchical R U q ! 1 LU
model T consider an example.



Hierarchical stochastic modelling of large river ecosystems

. and fish growth across spatio-temporal scales and climate
Xal I l p e I I I I ate I I l p a‘ tS O I l models: the Missouri River endangered pallid sturgeon example
)

MARK L. WILDHABER'#, CHRISTOPHER K. WIKLE?, EDWARD H. MORAN!,
CHRISTOPHER J. ANDERSON?, KRISTIE J. FRANZ* & RIMA DEY?

] u n
Missouri River Sturgeon
4200 New Haven Road, Columbia, MO 65201-8709, USA

Department of Statistics, University of Missouri, 146 Middlebush Hall,
Columbia, MO 65211-6100, USA

3Climate Science Initiative, Iowa State University, 2021 Agronomy Hall, Ames, IA 50011, USA

4Gem‘c;b‘grica.! and Atmospheric Sciences, lowa State University,
3023 Agronomy Hall, Ames, IA 50011, USA

*Correspondence: mwildhaber@usgs.gov

We were interested in the Missouri

o= Riverpallid sturgeon population (an
/Y S el endangered species) given potential

sgasoriionl . LS future climate scenarios.

Bioenergetics/Population Model

Cllgezll Airg), Clez GOV SASINEydrelogyAViode]l
Madlorrzl Glier, WMo, »
7 - . T 2 - 4 )

c

To get there, we did an approximate
MC analysis on ahierarchical model
from atmospheric/ocean general
circulation models (AOGCMS) to
iIndividual pallid sturgeon stochastic

From: RipDICK, A. T., KESSLER, H. & GILES, J. R. A. (eds) 2017. Integrated Environmental Modelling to Solve Real . l
World Problems: Methods, Vision and Challenges. Geological Society, London, Special Publications, 408, 119-145. b I O e n e rg etl CS m O d e I
First published online October 12, 2015, https://doi.org/10.1144/SP408.11




Exam ple (CO nt.): In Wildehaberet al. (2017) we show:

AThere is alarge amount of
uncertainty associated with
climate models and the fish
growth process

AYet,one can establish
significant differences in fish
growth distributions

Abetween models

Abetween future and current
climates for some models
and locations

A Upper portion (where current is
faster) shows less change in
growth than lower section with
slower current

A Lower section: less growth in
the future (all models)

Projected Fish Weight Distributions After 25 Years

What about adaptation?

(Faster velocities)

(Slower velocities)



