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Human Decision MakingHuman Decision Making

Daniel Kahneman
2002 Nobel Prize in Economics

For work he did in partnership with 
Amos Tversky on how people make 
decisions

Cognitive BiasesCognitive Biases

Now, there’s a large 
body of work on 
cognitive biases

Two stand out:
1. We tend to jump 

right to alternatives, 
without thinking 
about objectives

2. We tend to anchor 
on an alternative, 
and only make small 
adjustments

But earlier…But earlier…

 The tenets of decision theory were established 
before there was a Nobel prize in economics:
• Frank Ramsey (1931)

• John von Neumann (1944)

• Leonard J Savage (1954)

 Explore how people should 
make decisions, if they’re 
acting rationally in their own best interests

5

Structured Decision MakingStructured Decision Making

 The use of a broad set of tools to aid decision makers
• Drawing from the fields of decision analysis, operations 

research, economics, human dimensions, management 
science, behavioral psychology, expert judgment

 A key benefit is to help structure conversations about 
complex decisions
• Problem decomposition
• Values-focused thinking
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Decision ContextDecision Context

 Who is the decision maker?

 What is their authority to act?
• How does their authority guide their long-

term aims?

 What decisions do they face?

 What is the timeframe and spatial scope 
of the decision?

 What is the trigger for the decision?
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 The fundamental objectives are the 
desired future conditions that the 
decision maker is seeking to achieve

 The objectives may be multi-faceted, 
conflicting, and contentious

 The objectives guide the rest of the 
planning
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AlternativesAlternatives

 A decision is a choice among 
alternatives
• But we often fail to consider the range 

of alternatives that are possible

 There is value in creative 
development of alternatives
• Often, we reject creative ideas before 

we’ve analyzed them
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Permissions: “Humpback chub”, George Andrejko, public domain; “Glen Canyon Dam”, Bureau of Reclamation, public domain; “Fly fishing rods”, troutster.com, 
CC BY 3.0; “Dark Sky”, Bob Wick, BLM, CC BY 2.0; “Grand Canyon Rafting”, M.J. Thomas, CC0; “Grand Canyon 10”, Antoine Taveneaux, CC BY-SA 3.0.

Non-native Fish Control
below Glen Canyon Dam
Non-native Fish Control
below Glen Canyon Dam

1A 1B 1C 1D 2A 2B1 2B2 2C1 2C2 2D1 2D2 3A1 3A2 3B 3C 3D 4A 4B 4C 4D 4E 4F 5A 5B 5C 5D
Life Taken Respect Life Cult. App. Sanctity HBC Inv imp. Inv exp. Dis. Imp. Dis exp. NNF NF Catch rate > 20" Wild. Dist. Wild. Boat NRA Boat EV Fish EV Wild Cost Dam Ops Power Water Del ESA Scope HFE Trust Resp

p(N>6k) Risk Risk Risk Risk RBT@LCR f(N>10k) fish/hr f(>20") User-days Days/yr Days/yr M$/yr M$/yr M$/5-yr Impact? M$/yr Impact? Within? Support? Met?
Max Max Max Max Max Min Min Min Min Min Max Max Max Min Max Max Max Max Min Min Max Min Max Max Max Max

A No action 0 / 1 / 0 7 / 10 / 1 1 / 1 / 0 1 / 1 / 0 0.232 None None None None 6486 0.19 0.76 0.05 0 365 365 7.67 nc 0.00 No 0.00 0.00 0.00 1.00 0.00

C2 LCR removal (3b) 0 / 0 / 0 5 / 9 / 5 0 / 0.4 / 0 0 / 0.3 / 0 0.341 Low Low Low Low 4673 0.26 0.76 0.05 5003 365 365 7.67 nc 3.17 No 0.00 0.00 2.00 1.00 1.00

C3 LCR removal (3abe) 0 / 0 / 0 5 / 9 / 5 0 / 0.4 / 0 0 / 0.2 / 0 0.341 Low High Low Med. 4673 0.26 0.76 0.05 5037 365 365 7.67 nc 3.53 No 0.00 0.00 2.00 1.00 1.00

C4 LCR removal (3e, boat) 0 / 1 / 0 9 / 10 / 10 1 / 0.5 / 0 0 / 0.4 / 1 0.341 Low High Low Med. 4673 0.26 0.76 0.05 5003 365 365 7.67 nc 3.38 No 0.00 0.00 2.00 1.00 1.00

C5 LCR removal (3e, heli) 0 / 1 / 0 9 / 10 / 10 1 / 0.5 / 0 0 / 0.1 / 1 0.341 Low High Low Med. 4673 0.26 0.76 0.05 5154 365 365 7.67 nc 4.65 No 0.00 0.00 2.00 1.00 1.00

D1 Removal curtain (3b, 5e) 0 / 0 / 0 5 / 9 / 10 0 / 0.3 / 0 0 / 0.4 / 1 0.532 Low Low Low Low 827 0.39 0.76 0.05 6824 365 365 7.67 nc 3.47 No 0.00 0.00 2.00 1.00 1.00

D2 Removal curtain (3b, 5h) 0 / 0 / 0 5 / 9 / 5 0 / 0.3 / 0 0 / 0.4 / 1 0.532 Low High Low Med. 827 0.39 0.76 0.05 6824 365 365 7.67 nc 3.98 No 0.00 0.00 2.00 1.00 1.00

D3 Removal curtain (3e, 5h) 0 / 1 / 0 9 / 10 / 10 1 / 0.4 / 0 0 / 0.3 / 1 0.532 Low High Low Med. 827 0.39 0.76 0.05 6867 365 365 7.67 nc 4.36 No 0.00 0.00 2.00 1.00 1.00

J1 Kitchen sink (3b, 5e) 0 / 0 / 0 0 / 0 / 5 0 / 0.2 / 1 0 / 0.2 / 1 0.555 Low Low Low Low 677 0.41 0.29 2.50 6753 359 354 2.93 nc 3.43 No 2.00 1.00 1.00 0.00 0.00

J1' Kitchen sink (3b, 5e) + triploid 0 / 0 / 0 0 / 0 / 5 0 / 0.1 / 1 0 / 0.5 / 1 0.536 Medium Low Med. Low 697 0.41 0.76 1.00 6777 359 354 7.67 nc 3.62 No 2.00 1.00 1.00 0.00 0.00

J2 Kitchen sink (3e, 5h) 0 / 0 / 0 0 / 0 / 5 0 / 0.2 / 1 0 / 0.4 / 1 0.555 Low High Low Med. 677 0.41 0.29 2.50 6793 359 354 2.93 nc 4.08 No 2.00 1.00 1.00 0.00 0.00

J2' Kitchen sink (3e, 5h) + triploid 0 / 0 / 0 0 / 0 / 5 0 / 0.2 / 1 0 / 0.4 / 1 0.536 Medium High Med. Med. 697 0.41 0.76 1.00 6818 359 354 7.67 nc 4.32 No 2.00 1.00 1.00 0.00 0.00

K Zuni-Hopi-NPS 0 / 0 / 0 7 / 10 / 10 1 / 0.3 / 1 0 / 0.9 / 1 0.291 Low High Low Med. 1410 0.22 0.46 1.00 5400 364 354 4.60 nc 3.03 No 1.00 1.00 1.00 0.00 0.00

(Kurt / Mike / James)

Runge et al. 2011a

Pr

O

A

C

T

Multiple Objectives

A
lte

rn
at

iv
e

 S
tr

at
eg

ie
s

The challenge with multiple-objective problems is how to trade-off 
gains in one objective for gains in another. What balance do we 
prefer?

7 8

9 10

11 12



Structured Decision Making Habitat GIT Meeting, 4 May 2022

Michael C. Runge, USGS EESC at Patuxent 3

Competing ObjectivesCompeting Objectives

 How do these arise?
• Resource constraints (space, money…)

• Inherent antagonism

• Complicated negative feedbacks in the system

 What can we do?
• Change the decision frame

• Develop new alternatives

• Balance objectives
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Objective A (oysters)
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trade-offs

Creative 
alternatives?

Change decision 
frame (regional)?
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Science questions:
• Can we estimate these 

Pareto curves?
• Can we design new 

alternatives?

Policy questions:
• How do we balance the 

trade-offs?

Shallow-water HabitatsShallow-water Habitats

 Are there difficult decisions about resource allocation 
in tidal or non-tidal habits that involve competing 
objectives?
• Would any benefit from a formal SDM process?

 Where are there apparent competing objectives?
• How well do we understand the trade-offs?

• Is there uncertainty about whether we can find solutions that 
remove the trade-offs?

• Are there some places where we just need to grapple with the 
trade-offs and balance objectives?
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Questions?
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