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Lecture Objectives

§ Planning under uncertainty

§ The limits of predictions

§ Strategic foresight and scenario planning

§ Case study: Snohomish basins 2060

§ Lessons learned



Planning for What Future(s)



Key Questions
1. What are major trajectories and key uncertainties that will

affect the urban resilience over the next 50 years?

2. What impacts, feedbacks, thresholds and critical transitions
may emerge from their interactions?

3. How might alternative future scenarios affect social well-
being, economic assets, and ecosystem services?

4. How can we identify robust strategies to reduce
vulnerabilities and increase resilience to maintain these
conditions, assets and services in the long term?



Change emerges from complex 
interactions among multiple 

uncertain drivers



Uncertain Trajectories: Climate Change

Today



Uncertain Trajectories: Transportation

Today



Trajectories are interconnected



change



Change Type of Change Example
gradual or 
incremental

predictable gradual responses to
trends in ecological and
human drivers.

random events unpredictable increasing variability of
climate or technological
innovations. 

regime shifts change to a different set 
of dominant feedbacks

critical points in land
use change for maintaining 
ecosystem function.

transformations change to a
fundamentally new
system and rule sets

new management 
institution or regulation

Types of Change



Alternative Future Approaches

how do they differ?

Predictive modeling

Scenario planning

Visioning



Alternative Future Approaches

probable

Predictive modeling



Alternative Future Approaches

desirable

probable

Predictive modeling

Visioning



Alternative Future Approaches

desirable

probable

Predictive modeling

Scenario planning

Visioning

plausible



Futures Approaches

Bishop (2004) modified
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Imagine Seattle 50 years from now…



Uncertainty and Surprise



The Great Acceleration
Steffen et al. 2004
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How the past can bias our view of the future



Predictability and Uncertainty

Models and 
Observations What we know

Based on Carpenter, Bennett 
& Peterson, 2006.
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Predictability and Uncertainty

Recognized 
uncertainties

Models and 
Observations What we know

What we do not know

Based on Carpenter, Bennett 
& Peterson, 2006.
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Predictability and Uncertainty

Unasked questions

Recognized 
uncertainties

Models and 
Observations What we know

What we do not know
we do not know

What we do not know

Based on Carpenter, Bennett 
& Peterson, 2006.
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What we know: Observations

§ Human actions since the industrial age 
have contributed significant 
atmospheric emissions leading to 
changes in the global climate pattern.

§ Instrumental observations over the 
past 157 years show that temperatures 
at the surface have risen globally, with 
important regional variations.

§ The scientific community agrees that 
climatic variations will increase in 
magnitude and fluctuation over the 
next century.

IPCC, 2007



What we predict: Models

IPCC 2007



What we do not know:
Accounted uncertainty

§ What factors control 
the risks associated 
with climate change?

§ What are the 
computable 
uncertainties?
“…we do not know, over the 
longer term, how the oceanic 
biological system in the 
southwest Pacific will be 
influenced by the interaction of 
ENSO events with the overall 
warming trend…”

IPCC, 2007

Viner and Sayer, 2004



What we do not know, we do not know: 
Unasked questions

§ What lies beyond our predictions and 
models?

§ What synergistic outcomes have we 
not anticipated?

§ Which critical thresholds have we 
ignored?

§ How can the future surprise us?



What we can imagine based on 
our best available information

Unasked questions

Recognized 
uncertainties

Models and 
Observations

Imaginable Outcomes

Based on Carpenter, Bennett 
& Peterson, 2006.

Where 
scenarios can 
help us the 
most



How Scenarios Work
§ Multiple Drivers: Scenarios explore the 

interaction between significant uncertain 
drivers



Scenarios

§ Scenarios are hypotheses of alternative futures that 
highlight the risks and opportunities.

§ Scenarios focus on interactions among uncertain 
drivers and expand the assumptions of predictive 
models.

§ Scenarios direct our attention towards the most 
relevant uncertainty dimensions.

§ Scenarios ask: How robust are alternative strategies 
under plausible future conditions



Why Scenarios
§ Complexity of coupled human-natural systems 

(heterogeneity, non-linearity and emergent properties) 
make them highly unpredictable. 

§ Limited knowledge many of the processes underlying 
climate change  are still poorly understood, further 
limiting the predictability of system response 

§ Reflexivity we must incorporate an understanding of 
reflexive human decision-making and behavior into the 
evaluation of the strategies. 

§ Uncertainty increases the further out we look 



How can we minimize uncertainty 
about future changes to select the 
most optimal strategies?

Redefining the Question



How can we minimize uncertainty 
about future changes to select the 
most optimal strategies?
How can we characterize uncertainty 
about future changes to inform the 
choice of the most robust strategies?

Redefining the Question



Observations & Forecasts



Land Cover Change Model



Integrated Geo-Spatial Models

Alberti and Waddell 2001. 



Effects of mid-twenty-first century climate 
and land cover change on the hydrology of 

the Puget Sound basin, Washington

Land Cover maps for 2002, projected land cover in 2027, and 
constructed 2050 land cover.

Cuo, L., Lettenmaier, D.P., Alberti, M., Richey, J.E. 2011.



Land cover change Impacts dominate 
in urbanizing lowlands 

Cuo, L., Lettenmaier, D.P., Alberti, M., Richey, J.E. 2011.



Predictive Models under Uncertainty



Predictive Models under Uncertainty





scenarios

J. Battin et al. Climate Impacts 
on Salmon Recovery in the 

Snohomish River Basin

Incubation Peak Flows
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Linking Observations, Models 
and Scenarios



Linking Observations, Models 
and Scenarios



Linking Observations, Models 
and Scenarios



Linking Observations, Models 
and Scenarios



How do scenarios work?



Key elements of scenario planning 



Key elements of scenario planning 

1. Define focal issue
• Data and observations
• Historical documents
• Expert knowledge
• Conceptual models



Key elements of scenario planning 
2. Identify and rank 

driving forces
• Identify key driving 

force
• Rank their importance
• Rank their uncertainty
• Select most important 

& uncertain



Key elements of scenario planning 
3.  Develop scenario 

logics and narratives
• Selected driving forces 

create the frames for 
scenario logics

• Participants develop 
the story lines and 
narratives



Key elements of scenario planning 

4.   Assess Impacts
• Identify indicators
• Apply predictive 

models
• Assess impact of future 

conditions



Key elements of scenario planning 
5. Evaluate alternative 

strategies

• Use indicators to 
evaluate alternative 
strategies (their 
efficacy and 
robustness) under 
alternative scenarios.



Snohomish Basin Scenarios
support critical decisions that aim to maintain 

ecosystem service provision in the Snohomish Basin 
out to 2060 despite irreducible future uncertainty
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Natural growth (from births and death) hasremained fairly constant over the
last 50 years while in/out migration has led to major fluctuations in growth.

trends value strategies

How might we change 
our strategies if 

critical uncertainties 
shift trends and 

values?



conceptual models driving forces predictive models

Scenario Development



Cultural values

CLIMATE CHANGE
minor

major



SOCIAL VALUES

mastery harmony



our ingenuity and 
ambition supports 
unprecedented prosperity 
at a great price to our 
environment.

a local environmental 
ethic adapts to a long-
term economic recession. 

extreme climate 
challenges are countered 
by powerful human 
actions. 

we embrace change 
through experimentation 
and upfront investments. 

ACCELERATE SMALL

RESISTANCE METAMORPHOSIS

major

minor

harmonymastery



ACCELERATE
• Accelerated economic 

growth & wealth 
accretion

• Accelerated 
technological innovation 
& implementation

• Accelerated 
development  with 
limited regulation

• Minor climate impacts
• Accelerated resource 

depletion and control



SMALL
• Long term economic 

recession
• Minor climate change
• Shift in power to many 

small entities
• Environmental / land 

focus
• Few investment 

opportunities



RESISTANCE
• Strong and rapid 

climate impacts 
• Risk averting 

engineering responses
• Heavy government 

control
• Distributional inequities
• System failures 



METAMORPHOSIS
• Significant climate 

impacts
• Prioritization of 

equitable, flexible and 
natural capital 
investments

• High initial investments 
and initial error rate

• Networked & 
coordinated governance 
structure 

• Diverse and stable 
growth





Lessons Learned



Yahara 2070 

https://wsc.limnology.wisc.edu/yahara2070


MEA Scenarios 

§ Four scenarios 
based on Socio-
political and 
Economic Drivers.
§ [TL] Order from 

Strength
§ [TR] Global 

Orchestration
§ [BL] Adapting Mosaic
§ [BR] Techno Garden



Take Home Messages
§ Complexity and uncertainty make long term predictions of 

social and ecological impacts highly unpredictable
§ Observations from the past are not sufficient to make 

reliable predictions about the future
§ Unpredictable transitions associated with environmental 

change are expected to become more common in shaping 
the future 

§ Scenario planning provides a systematic framework to 
explore plausible futures and assess potential risks 

§ SUMMARY: By using scenarios, we will be able to 
develop more robust adaptation strategies for reducing 
vulnerability and increasing resilience in the face of 
irreducible uncertainties.




