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-Brief Overview of DSRRN


-AM Workshop is a continuation of Break-out Groups at 2009 Science Meeting

· 3 Issues

· Atlantic Salmon

· American Shad

· Acadia Beaver

-Part 1- What is Adaptive Management - Mike Jones, MSU

Big question: How do we decide what to do?
· Model of Management

· Deciding what to do in any particular situation

· Take action which will effect real world and create positive outcome
· System Model

· Observation Model

· Feedback to policy

· Feedback Learning (AM)

· Adjusting what you believe that world is like in a way that allows you to make better management decisions (reduce uncertainty)
· Learning focus

· Historical Perspective

· Environmental assessment of the 1970s 
· Environmental Movement

· Systems Science discovers Environmental Science (Constructing Models & Using them to Predict)

· “Ralph Yorque” group

· Pseudo name for group effort of authors

· Modeling makes us aware of what we don’t know (and its importance), rather than how to use what we do know

*Emergent Question – Can we use learning to affect management decisions?

· Carl Walters’ Argument

· Science divorced from management, will not lead to timely answers

· Can’t apply “conventional” science back to management scale
· Spatial/temporal scale wrong

· Too many parts

· “See what happens” and use this assessment to better manage in the future- Management as a device for learning

· Dual Control Problem

· Tradeoff between best strategy given current uncertainty, and choice that is best in order to learn about the system

· Maximize Benefits now and acting to reduce uncertainty in the future generally conflict

· i.e. Sockeye Salmon (Carl Walter)

· Stock/ Recruitment – Sacrifice in the short-run to reap long-run benefits
· Defining Adaptive Management

· Learning by doing – using management process as an opportunity to learn

· Adjusting future management decisions, according to learning

· Active vs. Passive AM

· Passive- avoiding the dual control problem

· Management according to best current knowledge

· Update “models” as the outcome of management is observed, adjust hypotheses

· Less opportunity for learning

· Active- confronting the dual control problem

· Designing management experiments that risk short-term benefits for increased learning

· Social, Economic impediments, May be seen as too radical 

· Significance of Uncertainty

“To know one’s ignorance is the best part of knowledge,” – Lao Tse

· Types of Uncertainty (Williams 1997)

· Environmental Variation (weather)

· Structural Uncertainty (What models are current representation of reality)

· Partial Observability (Fully accurate observation of reality almost impossible)

· Partial Controllability (Inability to control outcomes)

· Linguistic Imprecision (Miscommunication, Ambiguity)

· Uncertainty and Management Process

· See Slides for chart

· Key Elements of Effective AM

· Decision choices exist that can be articulated

· Stakeholders are Involved

· Bring in as early as possible –  clarify definition of choices and objectives

· Selective Group

· Ways of Evaluating Choices – Objectives Defined and Agreed Upon

· Key Uncertainties are known, focusing on those that will affect outcomes
· Model is developed that predicts outcomes, given alternative hypotheses

· Monitoring occurs (follow-up):

· Relevant to hypotheses

· Relevant to objectives

· Management can adapt to outcomes as learning occurs

· Features of Good Management Experiments

· Contrast

· Replication

· Randomization

· Interspersion

· Observability

· Examples (See Slides for details)
· Migratory Waterfowl 

· Glen Canyon

· Australian Trawl Fisheries

* Few examples, Why?  Not an easy task, Many smaller successes “play in smaller sandboxes” – smaller local level experiments are needed
-Part 2 Structured Decision Making- Elise Irwin, USGS
· When is it appropriate?

· SDM

· Objectives Are Clear

· Science is Understood

· AM
· Objectives Are Clear

· Science Is Uncertain

· Who can use it?

· Anyone, for any size problem

· Scope of an hour to years

· How do we use it?

· Problem decomposition, values-focused thinking

· PrOACT

· Problem Framing

· Who, What, Where, When, & Why 
· Identify scope and scale

· Understand linkage to other decisions/ problems

· Objectives
· Focused on Values

· Clearly stated

· Attainable

· Cultural/ Spiritual Aspects

· Cost Restraints

· Alternatives

·  Area of potential paralysis
· Stuck in the “box”

· Alternatives that worked elsewhere won’t work “here”

· Risky to try new solutions

· Experimental designs are problematic
· Consequences 
· Making predictions is critical to distinguish between alternatives/ outcomes
· Vision of Future 

· Detectability issues

· Influence Models- simple or complex model of what we think is influencing other parts of a system
· Trade-offs – analysis 
· Consumption vs. Conservation

· Economic & Social Issues

· Additional Steps

· Why use SDM?

· Decision-making Processes that are:

· Transparent, Explicit, Deliberative, Documented, Replicable

· Useful for Diverse Stakeholders

· Problems are opportunities to learn

· AM as a Special Case of SDM

· Challenges

· Convoluted Problems, Cross-scale links

· Land and Management Legacy, Institutional Change

· Lag-time effects

· Management of Stakeholders- identifying objectives and values

· Fear of Quantitative Models

· Importance of Stakeholders

· Inclusivity – try to get objectives right, uninterested parties will leave

· Governance Structure and Management – maintain communication

· Professional help may be needed to get stakeholders in the room and involved

· Double- Loop Learning

· Going back to stakeholders to make sure objectives were met

· Stakeholder values> Management action > Resource response> Stakeholders

· Single- Loop only focused on incremental change

· Double-Loop  focused on transformational change

· Implementation

· Long-term Commitment

· Stable “structured” process, deep toolkit

* See Consequences-Habitat slide for objectives in the hierarchy (fundamental objectives and means objectives), showing values, and objectives weighting.  

See Consequences –tradeoff slides slide for a weighting of possible management ideas. 

-Part 3 deciding what to do: Uncertainty and Adaptive Management- Mitch Eaton, USGS, Cornell
· Types of Uncertainty (Williams 1997)

· Environmental Variation (weather)

· Structural Uncertainty (What models are current representation of reality)

· Partial Observability (Fully accurate observation of reality almost impossible)

· Partial Controllability (Inability to control outcomes)

· Linguistic Imprecision (Miscommunication, Ambiguity)

· Approaches to Uncertainty

· Make Decisions Anyway using robust structure– SDM
· Conduct research to reduce uncertainty; make a decision later

· Value of information

· Delay tactic?

· Both, Simultaneously - AM 

· Dual Control Problem

· ‘Management as an experiment’

· Reducing Uncertainty while making management decisions

· Information

· Often seek information to reduce or eliminate uncertainty

· Comes at a price

· Does uncertainty affect decision-making?

· Quantify value of research to reduce uncertainty

· Expected Value of Perfect Information (EVPI)

· Assess what cost is worth it to reduce uncertainty
· Also asses how much value is lost without reducing uncertainty before making decision

· Value of Uncertainty Reduction

· Weighted average, Decision tree
· i.e. See Slides for gypsy moth example

· Minimize lost revenue from gypsy moth infestation

· Options: do nothing, reduce moth colonization, eradicate large patches of moth – what are the costs of each? Models with different expectations/hypotheses of how each of these actions would cost? Multiple models or model parameters represent uncertainties. In the example, there are predictions of revenue loss under each model and each action. Minimize the maximum loss? Or Weight the models in terms of uncertainty. Use an expected value (weighted average) approach to decide, where the model is weighted by uncertainty term. 

· Might want to reduce uncertainty to make our decision more accurate. Make a decision first (the 3 possibilities) then calculate the expected value of the decisions for each level of uncertainty. EV tree.

· Model Weights

· Express structural uncertainty with a discrete set of alternative models

· Weights represent confidence in hypotheses

· Weights sum to 1 

· Updating Model Weights

· Each model makes prediction

· Comparison of predictions to observed result (monitoring) allows updating of weights (credibility of models to describe reality)

· Bayes Theorum used to update based on previous weights & comparisons

· Adaptive Management & Learning

· Predict Outcomes Based on Each Model

· i.e. Mallard harvest package

Ex: Adaptive Harvest Management (AHM) – how to use learning in adaptive management. 

Four population models of impact of harvest and recreuitment processes (density dependence) on populations of mallards. Led to four models of how mallard populations responded to management/hunting. 

 1, For all possible actions, predict outcome based on each model – evealuate current state od the system using current pop size, # pnds, ect.  Use three different harvest packages – ie lots, mod, little harvest. 

2. select best management option

3. implement decision and monitor

4. formal learning process: calc likelihood of observing data under each model

5. Update model weights via Bayes theorem  (see equations)

6. Next year, select optimal harvest package (best management option), calcu current state using pop size and ponds, now look at model outcomes with NEW weights for each model. 

At this time, no one model has risen to the top, so there is still uncertainty,. Also, currently going back to stakeholders to see if they need to revise models, etc. And, one of the drawbacks here is that its hard to add in new models based on, say, current research – this is why it is so critical to do good science in the development of hypothesis in the beginning  b/c you are committing to the models for 10+ years of your adaptive experiment. 
· Select best management option based on weighted model predictions
· Implement decision and monitor response

· Calculate likelihood of observing data under each model 

· Comparison of predicted to observed

· Update Model Weights via Bayes Theorum

· Select Next Optimal Decision Based On:

· Current state of system

· Predictions based on data
· More frequent adjusting of decision-making/ management

· Partial EVPI (EVPXI)
· Compares importance of different sources of uncertainty

· Imperfect Information – EVSI

· Can be impossible to reduce uncertainty through research or monitoring

· Evaluate return of management experiment

· Focused on actions

· Short-term cost for long-term gain

