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љcƨůċŰШċĦƣŔƻŔƣŔĲƚЯШƓƖŔŰĦŔƓċũũǃШ
through emissions of 
greenhouse gases, have 
unequivocally  caused global 
warming, with global surface 
temperature reaching 1.1 °C 
above 1850т1900 in 2011т
ΞΜΞΜЮњШ
                  (IPCC, AR6, Headline Statement, A.1)

Intergovernmental Panel on 
Climate Change



Greenhouse gas emissions are increasing!
љGlobal greenhouse gas 
emissions have continued to 
increase , with unequal historical 
and ongoing contributions arising 
from unsustainable energy use, 
land use and land-use change, 
lifestyles and patterns of 
consumption and production 
across regions, between and 
within countries, and among 
individuals ( high confidenceьЮњШ

(IPCC, AR6, Headline Statement, A.1)



Extreme Weather - Impacts

We are already seeing widespread negative impacts of human-
caused climate change across the globe due to  weather and 
climate extremes. 



If only we can get to net zero CO2!

љÉŸůĲШŉƨƣƨƖĲШĦőċŰŊĲƚШċƖĲШunavoidable and/or irreversible but can  
be limited by deep, rapid and sustained global greenhouse gas 
emissions reduction.њ
љxŔůŔƣŔŰŊШőƨůċŰ-caused global warming requires net zero CO2 
emissionsЮњ
љÑőĲƖĲШŔƚШċШrapidly closing window of opportunity to secure a 
liveable and sustainable future for all (very high confidenceьЮњ

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

IPCC AR6 Synthesis Report

7ƨƣв



Political Will?

6 Feb 2024; By Eddy Wax

15 Jan 2021



Not likely

ÅUnfortunately, we cannot count on central governments 
to act rationally with respect to climate change (among 
ŸƣőĲƖШƣőŔŰŊƚьвШ
ÅSo, 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!

fƣќƚШƣŔůĲШƣŸШċĬŢƨƚƣШƣőĲШƚċŔũƚгШ

We need to live with or adapt to 
climate change.



Resilience and Adaptation!

ÅResilienceаШљthe capacity of social, economic and environmental 
systems to cope with a hazardous event or trend or disturbance, 
responding or re-organising in ways that maintain their essential 
function, identity and structure, while also maintaining the capacity 
for adaptation, learning and transformationњШ(IPCC A6 Anex II: Glossary)

ÅAdaptation : љŔŰШőƨůċŰШƚǃƚƣĲůƚ вШthe process of adjustment to 
actual or expected climate and its effects, in order to moderate harm 
or exploit beneficial opportunitiesњ(IPCC A6 Annex II: Glossary)



Adaptation!

Maybe not quite ready for this?



Climate Adaptation (not a new concept)
Humans have long migrated in response to climate 
related risks; e.g.,
Åseasonal migration patterns of pastoralists in the West 

African Sahel, where communities traditionally move their 
herds north and south depending on rainfall patterns and 
the availability of grazing land during different seasons
Ådust bowl migration from the US central plains to California 

in 1930s
ÅMarginalized communities are already being forced to 

relocate!

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

https:// news.sky.com/story/families -forced-to-evacuate-panama-island-due-to-rising-sea-levels-13146859



Adaptation Options

ÅResist
ÅAccommodate
ÅAvoid
ÅRetreat
ÅAdvance

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



Transformative Climate Adaptation

ÅTransformative climate 
adaptation is difficult!
ÅIt requires many components of 

a very complex system to 
change in a coherent way.
ÅIt requires participation of all 

the stakeholders in decision 
making, many of whom do not 
agree on the relevant 
information and have agendas 
or are under-represented! Who speaks for marginalized 

groups?



Adaptation and Decisions
ÅAdaptation is increasingly a љũŸĦċũњШĬĲĦŔƚŔŸŰШ
Åcities, communities to individuals (central governments are not 

going to get it done)

ÅIt requires understanding and modeling complex systems  
across diverse disciplines and in the presence of 
tremendous uncertainty to make informed decisions
ÅWhat does a statistician have to do with this?
ÅHelp make decisions in a formal decision theoretic framework in 

the presence of data and other information
ÅConsider probability distributions  across a wide range of 

processes and counterfactual scenarios
ÅQuantify uncertainty!! 

Data 
Science



Roadmap for the Remainder of This Talk

ÅOptimizing decisions
ÅBayesian Perspective
ÅHierarchical models (the power of 

conditioning)
ÅLimitations of current practice
ÅNew methods that are helping
ÅNeeds into the future

Å ũŸŰŊШƣőĲШƽċǃЯШfќũũШƓƖĲƚĲŰƣШƚŸůĲШĲǂċůƓũĲƚШŉƖŸůШ
my own work and that of others (some in this 
room)
ÅNo details in this talk



How to help make decisions for adaptation?
ÅUnderstand how what we care about is likely to 

change under different climate change scenarios
Åe.g., say I care about freshwater fish abundance in a 

river

Å§ĤƣċŔŰШċШШљĬŔƚƣƖŔĤƨƣŔŸŰњШċƚƚŸĦŔċƣĲĬШƽŔƣőШƣőĲƚĲШ
scenarios
ÅGiven these distributions, evaluate actions 

(decisions) that you might take and make the 
љĤĲƚƣњШĬĲĦŔƚŔŸŰШ
Åe.g., limit fishing in the spring; introduce new habitat 

structures, etc.

An effective strategy to make decisions in the presence of 
uncertainty uses the Bayesian 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 about W given 
the data using Bayes Rule: љŊŔƻĲŰњШŸƖШљĦŸŰĬŔƣŔŸŰĲĬШŸŰњ



Say we have a collection of actions 
(decisions) relative to the process (W)  that 
ĬĲƓĲŰĬШŸŰШŸƨƖШљĬċƣċњЯШD; call these actions: 
a(D) (they are part of some collection of 
possible actions, A={a1 ЯвЯШaq}).

We wish to consider the loss associated with 
taking this action relative to the truth:   

loss(a(D),W) 

Decision Making?

e.g., squared-error loss, (a(D) т W)2

a1a2?



The optimal Bayes action/decision is the one that minimizes 
the so-called Bayes risk. 

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

  Bayes risk = average(L(a(D),W)) 

where the average is with respect to the posterior 
distribution, p(w|D).

йШƖĲůĲůĤĲƖЯШƣőĲШƓŸƚƣĲƖŔŸƖШŔƚШůċĬĲШƨƓШŸŉШċШљdata given WњШ
distribution p(D|w) and the prior distribution on W, p(W)

Decision Making: Bayes Risk

This is where the 
uncertainty 
quantification comes in



Challenges

ÅDo we know the collection of possible actions?
ÅWhat loss function is important to us?
ÅDo we really know p(W|D) (or the components that we 

used to get it; particularly the prior, p(W))?

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



Complexity in our prior knowledge

ÅIn the real world, this is typically  very complicated. 
ÅE.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.

ÅHierarchical models can help! 
ÅA series of conditional models

Do we know p(W)?



Hierarchical Models
ÅA hierarchical model is based on the simple notion of the 

law of total probability: 
   p(A,B,C) = p(A|B,C)p(B|C)p(C)

ÅE.g., say W т fish weight, Tw т water temp, Ta- air temp

   p(W, Tw , Ta) = p(W| Tw , Ta)p(Tw | Ta)p(Ta)

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

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 a Monte Carlo 
integration procedure (e.g., integrate 
out the Ta , Tw random effects).

Sample from the distribution of Ta , plug 
those into the Tw distribution, and plug 
those samples into the W distribution. 

This Monte Carlo procedure could allow us 
to consider how uncertainty propagates into 
the distribution of W under various 
scenarios (models) for TaThis can be a useful way to account for the 

љĦċƚĦċĬĲШŸŉШƨŰĦĲƖƣċŔŰƣǃњШin the hierarchical 
model т consider an example.



Example: Climate Impacts on 
Missouri River Sturgeon

We were interested in the Missouri 
River pallid sturgeon population (an 
endangered species) given potential 
future climate scenarios. 

To get there, we did an approximate 
MC analysis on a hierarchical model 
from atmospheric/ocean general 
circulation models (AOGCMs) to 
individual pallid sturgeon stochastic 
bioenergetics model.
         
         



ÅThere is a large amount of 
uncertainty associated with 
climate models and the fish 
growth process
ÅYet, one can establish 

significant differences in fish 
growth distributions 
Åbetween models
Åbetween future and current 

climates for some models 
and locations
ÅUpper portion (where current is 

faster) shows less change in 
growth than lower section with 
slower current
ÅLower section: less growth in 

the future (all models)

Example (cont.): In Wildehaber et al. (2017) we show: 

Projected Fish Weight Distributions After 25 Years 

(Faster velocities)

(Slower velocities)

What about adaptation?


