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Adaptive Management

e Management = making decisions, choosing
from among alternatives

e Adaptive = has the ability to respond to new
circumstances, including information



Structured Decision Making

“A formal application of common
sense for situations too complex for
the informal use of common sense.”
R. Keeney



Structured Decision Making

e Break decision into steps
— Problem
— Objectives
— Alternative Actions PrOACT
— Consequences
— Tradeoffs

 AM a special case — sequential linked
decisions
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Revised BiOP on Missouri River Ops

BO on river operations included emergent
sandbar restoration goals (acreages)

Corps proposes to mechanically create habitat to
avoid jeopardy to terns and plovers

BO implementation requires Adaptive
Management Program

Ongoing Monitoring and Research Program
without clear understanding of use of
data/analyses
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Problem Statement

e How much, where and by which means to
create Emergent Sandbar Habitat (ESH) in a
focal year (e.g., FY 2015) for tern and plover
nesting and brood rearing in Gavins’ Reach?










Objectives

Minimize cost/acre
Meet Fledge Ratios

Meet 2015 Acreage

Targets
Minimize soclioeconomic

Impacts to stakeholders

Maintain “Outstanding
and remarkable values”

“Bob and Ruth! Come on in....Have you met Russell and
Bill, our 1.5 children?”
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Potential Actions

e How much to create in a year?

e What methods
— Create
— Devegetate
— Devegetate and overtop

— Flows



Consequences

e What features are necessary in a model
— that predicts the consequences of each action

|1

— relevant to the objectives

PrOACT




2 types of inference about the
future

* Inductive —reason from experience of the past
— STATISTICS, MONITORING and EXPERIMENTS

e Deductive — if assumptions are true,
conclusions follow
— MATHEMATICAL MODELLING



Models

|II
[ ]

“All models are wrong; some of them are usefu
— George Box
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First Prototype
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Second Prototype
Habitat Model
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Population Model for 2"d Prototype
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Take home messages

e SDM/Rapid Prototyping works!
— Built a joint understanding of the problem
— Connects monitoring data to decision making

 Choose the right problem
— Nested problems can be solved individually

* A process, not a product
* Not a silver bullet

Nebiask

Lincoln

Pioneering new frontiers.

Z



Questions?
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Predicted outcome of management actions
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How much does reducing
uncertainty improve predictions?
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Modeling Myths

 They have to be “right” to be useful
 Ergo —they must be complicated
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Making Decisions

Complex Processes
High Uncertainty

Incompletely known actions

Conflicting Objectivesw

The answer:

Adaptiv

lagement




Just right sized
prototype
decision model
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Making Decisions

e Structured Decision Making (SDM)
* Adaptive Management (AM)
e Rapid Prototyping of models (RP)



Donald Rumsfeld

“Plan backwards as well as
forward. Set objectives and trace
back to see how to achieve them.
You may find that no path can get
— iy here. Plan forward to see
\ 5 g “N@\¥e your steps will take you,
- — 1 may not be clear or

. ’)

1ve.

THE PENT{w %%
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1.5 year peak flow Vegetation

(i.e. when /Management

mainly occurs
Diesel
*Habitat influences

on terns and plovers

Over topping flow @
the time of nesting

Erosion / Deposition

Vegetation
Growth
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Canada

Mexico

Charadrius melodus
total range area = 1,552 665 ke



Interior Least Tern

-

Least Tern 22002 Stephen 0. Muskie
Wells, Maine www.outtakes.com




Unknown Unknowns

“There are known knowns. These are things we
know that we know. There are known
unknowns. That is to say, there are things that
we now know we don’t know. But there are also
unknown unknowns. These are things we do not
know we don’t know.” — Donald Rumsfeld
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Rapid Prototyping

Iterative Looping

>
<




RAPID PROTOTYPING




Rapid Prototyping

e Get around the track as fast as you can the first time

— Include all the elements of a structured decision, but keep
them very simple (find the skeleton)

— Use placeholders and guesses to keep going

e See how it works
— Check back to Real World —is this abstraction working?
— Discover what needs to be improved

* Low risk — high return approach

— It doesn’t matter if you’re wrong the first time, you can start
over with little loss

— Don’t invest more than you need to — build iteratively



Actions Option 1 Option 2 Option 3

Build (acres) 200 100 50
Deveg (acres) 0 333 500
Objectives

Cost 4M 4M 4M
Incremental

Area 200 433 550
Total Area 835 1068 1185
Fledge Ratio 1.1 1.0 0.9

Disturbance H M M




Epiphanys from First Model

Exact data not necessary

Practice leads to comfort

Improved understanding of the system
This is too simple for the real world




2"d Go-Around

* Added

— multiple year influence
— stochastic flow
— tern & plover breakdown

— Different habitat types




Objectives

Minimize cost/acre

Meet fledge ratios

Minimize construction-related disturbance
Meet acreage target 2015

Minimize socio-economic impacts

Maximize Expected Minimum Population Size (MEMPS) to
20XX

Minimize cumulative impacts to outstandingly remarkable
values™ and freeflowing characteristics and water quality

* As defined in the Wild and Scenic Rivers Act



Actions

Build X acres in year t
Deveg Y acres in yeart
Deveg and top Z acres in year t

-low
— Island building
— Conditioning

— Low summer
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Realizations from 2"9 Prototype

 More realistic, but large data uncertainties
— Fledge ratios probably not right
— Density dependence unknown
— Flow effects on habitat



Conceptual Model: erosion/veg

First cut — forget vegetated state

A is the # acres ESH in year t, c is the amount
created in acres / year, d is the amount lost to
erosion/veg growth in acres/acre/year

d is assumed constant, but probably changes
with area/shape

c is our decision variable — how much to
create — all means combined



Conceptual Model of Erosion/Veg

e As a difference equation:

A\+1:C+A\(1_d)
A =c/d

A" is the equilibrium amount of ESH, if c and d
are constant



Conceptual model: nesting

* Fledging ratio =
nest success * eggs laid/pair * chick survival

e Nest success and eggs / pair DO NOT change
with area or shape

* Chick survival increases with foraging area

" JESH area, plovers

Forage area Ll <
SWH area, terns

\.



Outstandingly Remarkable Values

Fish and Wildlife
Recreation

Cultural Resources
Historical Resources



The role of models in adaptive
management

e State assumptions explicitly

 Predict outcome of management actions

e Examine impact of uncertainty



Model development

Rapid prototyping workshop

|

Model building

|

Parameterize with available data

S \

Explore Validate Project

/ >< | \

Improve the model Prioritize research == Decision support



Types of assumptions and

estimations
What relationships are important?

What form do those relationships take?
What are the parameter values?
How uncertain are parameter estimations?

How do processes vary with time?



Basic model structure

~

Piping Plover
Population
Model

K

Emergent Sandbar
Habitat Model

NV

Least Tern
Population Model
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emergent
sandbar

reservoir
shoreline

Emergent Sandbar Habitat Model

Two modeled categories of habitat:

* Emergent sandbars in rivers
- natural, through flooding
- mechanically created

e Reservoir shorelines

How much habitat is available for
nesting each year?



Determine how much
sandbar acreage is lost
| s e to erosion and
vegetation

Loss rates depend on




Determine how much habitat is safe
from inundation during a season

emergent
db . . .
e Use historical data on river stage and

_riverstage estimates of stage-area relationships
- for each reach

Bird
models

Variation in ESH During Nesting Season

..........

i Fentng | forNesting

---------

Maximum Baseline
Discharge Discharge
Base ESH

Nesting
Area




High Water Year Declining Water Year Extended Low Water

Nesting Habitat Vegetated

Shoreline

T YEARS

Reservoir shoreline habitat is
available for one year after water
levels go down

river stage

Bird
models

reservoir

shoreline

69



Fledglings

survival

dispersal

70

reproduction

survival

Bird population models

Nesting habitat influences bird
population in two ways

i.  Fledglings/pair decreases with
density of birds in a reach or
reservoir

ii. First-time breeders select a
river segment based upon
habitat availability



Key simplifying assumptions
(tentative...too much text)
Historical flows and reservoir shoreline

habitat (1967-2007) are a reasonable estimate
of future conditions

Once habitat is considered “available,” it is all
equally attractive and equally suitable for
both bird species

Birds only disperse before first breeding, and
then return to the same site each year

No movement in or out of the Missouri River
Mainstem System

s M. 1
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Predicted outcome of
~ mapagement ackions
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Shallow Water non-example

e Loss of shallow water habitat through
channelization jeopardizes Pallid Sturgeon

e USACE building habitat
— SUS 25 Million / year

e USFWS —is it working?



Questions?




Cumulative Actions within a Bend
(Bend Scale)




Experience with Habitat Creation Projects:
Shallow Water Habitat

2004 created 1200 acres Secision
2005 established BACI Problem?

design to test effectiveness
— Physically

— Biologically

2006 creations and
monitoring

2007 same

2008 same




Sampling Design 38 bends:
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Target Chubs
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Sampling Design 38 bends:

e10Seg 8 T
Nebraska
*10Seg9

1 @ control-75
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2 @ before-75
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Kansas

6 Seg 10 \

*6Seg 13—

6 Seg 14 e

1 @ control-75
1 @ control-25
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Progress and next steps
e State assumptions explicitly
— Model guide available
— Model validation (next presentation)
— Continue exploring the consequences of key
assumptions
* Predict outcome of management actions

— Model predictions and “report card” in Annual

Adaptive Management Report



Progress and next steps
 Examine impact of uncertainty
— Basic sensitivity analysis
— Quantify the value of reducing uncertainty about
parameters and processes

— Prioritize research for improving model

predictions
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Plover Conceptual Model
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Choosing a Mortgage

* Your bank offers you two possible 30-yr fixed
rate mortgages: 5% %, or 4% % with 2 points.
Which do you choose?



Financial Example

Problem: Choose a mortgage
Objectives: Maximize proceeds less costs
Actions: Choice between two 30-yr fixed rate mortgages

Consequences: Use financial formulas (model) to calculate
costs and proceeds at time of sale

Trade-offs: Directly compare consequences (only 1 objective
here)




OK, that was easy

e Why?
— Simple set of actions
— Single, clear objective
— System dynamics known with certainty
— Choice of best action transparent

e But what if

— One of the choices is a 1-yr ARM? Or, in fact, there is a bewildering
array of choices from many lenders?

— You don’t know how long you’ll be in the house?

— You have other objectives or constraints (e.g., monthly payments need
to be less than $1000)?
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