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A general introduction to risk 
assessment, decision tree analysis 
and our perspective interspersed 
with photos.
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How accountable should restoration projects be?
To their own goals?
To stakeholders of community resources?

Is there reason to be considered about risk?

What about passive restoration (no action alternative)?
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Rule #1
Understand fluvial processes to 
assess how your restoration 
project will perform.
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March, 2005
Canyon Creek, WA

Proposal to put in step structures to improve fish passage

nothing was done …
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November 8, 2006
Canyon Creek

How well would your project have performed?

You could say you spent the money.
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•There are no risk free projects.  

•The greatest returns involve some risk.

•Approach risk objectively using 
science, engineering, professional 
judgement, & public education. 
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Minimizing risk is a good design:

Historic change provides valuable context when 
linked to the formative processes.  

“Historical context is a necessary but not sufficient 
element in project design.”

Restore & accommodate process (form is secondary 
to process)

Allow river the maximum degrees of freedom

Define hazard areas and minimize expectations 
within these areas

Design for the worst case events and planforms
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Williams River, NSW, Australia
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Williams River ELJ 
As-Built Conditions, 2000 

2 m
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Williams River during flow 
submerging structures by 2 m.
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Williams River after 6
over-topping flows, November 2002
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What is Risk?

Ri = P(h) * Σ(C)

Ri = Specific Risk

P(h) = probability of specific hazard occurring

Σ(C) = sum of consequences (positive or negative costs)
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P(H) = probability of hazard:
Define hazard

e.g., flood, debris flow, dam break, 
channel migration (avulsion, bank erosion), tsunami, 
wind storm (LWD recruitment)

Assign probability of hazard occurring

Variables

C     =   Consequence 
(beneficial results = positive costs)
(adverse result     = negative costs)

Loss/return of investment
Net loss/increase of habitat (beyond pre-existing conditions)
Damage/protection to private or public property
Impacts/benefit to wildlife populations
Public safety, loss of life
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Why Conduct a Risk Assessment?

Provide an objective assessment of your project.

1. Will you be successful in meeting your restoration 
goals?

• What is the risk that you won’t obtain your goals?
• Are there potential adverse impacts if you obtain your goals?
2. Will development that contributed to environmental 

degradation be impacted by restoration?
3. How much assurance can you provide the 

stakeholders?
4. Will your investment be worth it?
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Understand Processes

Will you restore the processes necessary to 
sustain the targeted habitat?

Will restoring processes have unanticipated 
impacts?
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When doing a risk assessment include an analysis of 
the no-action alternative.  This sets context for your 
project and will address stakeholder perceptions that 
may become a liability in completing the project.

Always consider historic trends and the 
no-action alternative in a risk assessment
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Elements of a Risk Assessment
Clear definition of project goals, constraints and opportunities
Hazard delineation

Identifying geomorphic processes
Determine magnitude and frequency and hazard processes 

(probability)
Landuse history and future projections

Habitat mapping
Infrastructure and property mapping
Recognition of stakeholder interests
Consequences

No action alternative
Other alternatives

Public outreach (including technical issues, project goals, policy)
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Stakeholder perspectives
Environment

Species/ecosystems
Process
Habitat

People
Transportation/infrastructure
Property/development
Tribes, municipalities
Regulatory agencies 
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Conventional Approaches to Assessing Risk:

1. Precautionary Principle
2. Decision Analysis

Basic Decision Tree (sapling)  
Expected Value Analysis 
Double Risk Dilemmas
Range-of-Risk Dilemmas
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Precautionary Principle

“An ounce of prevention is worth a pound of cure“
“Better safe than sorry”
“Look before you leap”

The precautionary principle states that if an action or policy 
might cause severe or irreversible harm to the public, in the 
absence of full scientific certainty that harm would ensue the 
burden of proof falls on those who would advocate taking the 
action.
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Precautionary Principle
Decision Factors:
• Risk Prevention

Assumes low tolerance for risk 
• Cost Effectiveness

Accounts for long-term potential unknown costs, 
externalities

(ESA spotted owl, GMOs banned in EU)
• Ethical responsibilities towards maintaining the 

integrity of natural systems
Value that natural environment is the best condition 

• Fallibility of human understanding
Do we know enough to predict consequences?
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Bottom line/takeaway of 
Precautionary Principle:

If there is a possibility of irreversible 
harm, then the ecosystem must be 
protected.
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Probability Rules

1.      Probability for all branches from a single uncertainty 
node must equal 1.

2. Multiplication Rule.  To obtain the probability for any 
terminal outcome, multiply the probabilities for the 
different outcome branches.

3. The probabilities for all terminal outcomes on a 
probability tree must sum to 1.0.

4. Addition Rule.  To get the probability for any particular 
consequence add up the probabilities of all terminal 
outcomes having that consequence.  

Four Rules:
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Expected Value Analysis (EVA) or
Expected Monetary Analysis (EMV)

Differences from following precautionary 
principle:

Accounts for potential benefits (opportunity  costs)
Decision Maker can conduct sensitivity analysis
BUT…inherent in estimating values are value-based 
decisions.
EVAs look a lot like a cost-benefit analysis
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Expected Value Analysis

Assumptions
• Identify Decisions
• Cost of Decision
• Preference-Probabilities for 

outcomes
• Value of outcome
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Expected Value Analysis

• Decision One: Big Scale Project
– Cost: $500,000

• Decision Two: Small Scale Project
– Cost: $250,000

• Decision Three: Do Nothing
– Cost $0

Identify Decisions
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Expected Value Analysis

Process to assign values to outcomes:
1. Identify Stakeholders
2. Identify the benefits to each stakeholder
3. Assign values to the benefits.
4. Identify time period
5. Assign discount rate
6. Calculate present value
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Expected Value Analysis

Processes to Assign Probabilities
– Historical Data and statistical analysis
– Derive from a model or survey  
– Expert Opinion 
Uncertainty = f (flows, wood input, sediment input, fish 

populations,  upstream human development…)
Factors affecting Probability.

P (y) where “y” is that the project meets objectives (e.g., 
creates pools, remains intact, provides cover, catches 
wood)
Assuming y is success of restoration…..P (not y) is the 
failure of restoration 
P(not y)= 1-P(y).  
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Decision Trees

• Option One (D1) Expected Value:
– P(y given D1)*Value of outcome –Cost (D1) = EV (D1)

• Option Two (D2) Expected Value
– P(y given D2)*Value of outcome –Cost(D2) = EV (D2)

• Do nothing (D3) Expected Value
– P( y given D3)* Value of outcome = EV (D3). 
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Decision Analysis:

Basic Decision Tree (sapling)

Low risk Alternative

Risky 

Alternative

Successful Outcome

Failure

Certain Consequence

(p)

(1 - p)

Best Consequence

Worst Consequence
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Examples

Close Bridge

Do Not Close Bridge 

[Risky]

Debris Flow

No Debris Flow

No Disaster, but Economy Hurt

(1 percent)

(99 percent)

Disaster

No Disaster, and Economy
Not Hurt

[low risk]
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Probability Trees

A

A

B

Prob ( B|A )

Prob ( B|A )

B

B

B

Prob ( B|A )

B

Prob ( B|A )

Prob (A)

Prob ( A )

A, B

Prob (A,B)

A, B

Prob (A,B)

A, B

A, B

Prob (A, B)

Prob (A, B)
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Example Projects
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South Fork Nooksack River, 
Washington

Herrera Environmental Consultants
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Identification of a 
relic channel within 
the project site
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Predicted flood 
depths

Herrera Environmental Consultants

South Fork Nooksack River Floodplain Connectivity Project:
Levee Removal and Engineered Logjams
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North Fork Stillaguamish Project
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1998

ELJ no.3
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2000

4 6

12
3 5 7

ELJ no.3
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2002

4 6
3 5 7

ELJ no.3
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2004

New racked 
debris

Note pitch of broken log: 
downstream tip is pointed down

ELJ no.3
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2005

ELJ no.3

new racked log
2002 racked debris

Loss of backfill and exposure of ELJ 
interior due to undercutting scour

Note that pitch of broken log has reversed, 
with downstream tip pointed up, indicated 
upstream corner of structure has settled 
(~1 m) due to undercutting scour.
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The Hoh River Project
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The Hoh River moves at rates up to 30 m/yr (100 ft/yr)

Logjam project site

Channel 
migrationUS 

101
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Major Project Elements

Diversion channel Bank logjams (8)

Mid-channel logjams (4)

Sediment retention area Flow
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The Hoh River at Nolan 
Creek provides a current 
analog for Hoh Project 
concept of “chute”
meander cut-off:

“Natural Analogs”

March 29, 2004
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Hoh project objective: get river away from Highway 101

Herrera Environmental Consultants

Hoh project site design layout

0     100

yards US 101

mid-channel E
LJs
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Depth averaged velocity (ft/s) output from FESWMS for 
existing conditions during 100 yr peak flow event (67,000 cfs)
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Depth averaged velocity (ft/s) output from FESWMS for 
proposed conditions during 100 yr peak flow event (67,000 cfs)
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Mid-channel ELJ plan and section view
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Almost done, October 2004
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Cispus River 2004

Hoh River ELJ 8 2005
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ELJ ELJ ELJ

ELJ

ELJ
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Hoh River project site in Spring of 2004 prior to construction.

0     100

yards
US 101
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Herrera concept figure of how we predicted the project site 
would look in 2005.

0     100

yards
US 101
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Hoh project site as-built conditions in October 2004.

0     100

yards
US 101

mid-channel E
LJs
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Hoh project site 12-15-04,  
after a 30,000 cfs peak flow (~2 yr recurrence interval).

0     100

yards US 101

mid-channel E
LJs
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Hoh project site 02-01-05,  
after two peak flows of ~30,000 cfs.

0     100

yards US 101

mid-channel E
LJs
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WA-AWRA Section Newsletter – January-February 2007
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