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Ecosystem Restoration Planning ModelsEcosystem Restoration Planning Models

Today’s talk:
1) Planning Models

• Documentation• Documentation
• Selection
• Development
• Application

2) Existing Resources
3) Emerging Resources3) Emerging Resources

Context: Management of ecosystem restoration planning products in 
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an evolving planning environment



Planning ModelsPlanning Models Selection
• Audience
• Needs
• Purpose

Documentation
• Clear

Development
• Objectives

• Complete
• Concise

• Testing
• Review

Application
• Roles
Li it ti
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• Limitations
• Assumptions



Planning Model DocumentationPlanning Model Documentation
Be Clear –Work on…
• Knowing your audiences

• Reviewers
• StakeholdersStakeholders
• Others

• Simplifying information
• Diagrams• Diagrams
• Charts
• Tables
• Formulas

• Packaging information
• Processes and functions
• Categories of interest
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g
• Phases of activity



Planning Model DocumentationPlanning Model Documentation
Be Complete – Describe…
• Purposes

• Scope of need or demand (e.g., study type or location)
• Context of need or demand (e.g., study phase or arena)

Obj i• Objectives
• Expectations (e.g., may differ by arena or phase of study)
• Realities (e.g., to whatextent can the need be reasonably satisfied)

• AssumptionsAssumptions
• Model itself
• Inputs and boundaries

• Limitations
• Application
• Interpretation

• Involvement
• When who why how and what
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• When, who, why, how, and what
• Quality Assurance and Quality Control

• Testing, evaluation, review, oversight, and maintenance



Planning Model DocumentationPlanning Model Documentation
Be Concise – Focus on…
• Relevance

• For purposes of review
• For purposes of application
• For purposes of interpretation of results

• Quality
• Technical writing
Ill t ti• Illustrations

• Organization
• Logical sequencing
• Avoid redundancyAvoid redundancy

• Brevity
• Might it be possible to consider expressing sentiments phrased as long 
sentences using fewer words...
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g
• Elegance

• Seek intuitive explanations of complex information



Planning Model SelectionPlanning Model Selection
Document
• Purpose, scope, complexity of the investigation
• Setting and context of the investigationg g
• Nature of answers expected
• Pace at which answers are expectedp
• Partners, contributors, stakeholders, and roles 
served by eachy

Of rebuilding wheels…
“A new idea comes suddenly and in a rather intuitive way. But intuition is nothing 
but the outcome of earlier intellectual experience ”
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but the outcome of earlier intellectual experience.
– Albert Einstein



Planning Model SelectionPlanning Model Selection
Understand and describe
• Adaptations or modifications of method
• Risk tolerances of those involved
• Consequences of being wrong
• Strategies to manage errors and uncertaintyg g y

Study Progression
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e
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n
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Planning Model SelectionPlanning Model Selection
Characterize knowledge objectivesg j
• Pace at which knowledge must be attained
• Tolerable levels of fidelity, accuracy, and precisiony, y, p
• Accepted limitations/boundaries of interpretation

9
… Consider differences in needs that might occur at points during activity’s lifecycle.



Planning Model DevelopmentPlanning Model Development
Document
• Justification for model development
• Intended uses and applicationspp
• Assumptions and limitations
• Quality assurance and quality control activitiesy q y
• Resource and data requirements
• User instructions/guidance/g
• Sources of information consulted during model 
development

10

p



Planning Model DevelopmentPlanning Model Development
Understand and describe
• Critical assumptions
• Spatial boundariesp
• Aspatial boundaries
• Recognized limitations g
on interpretation of 
results
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Planning Model DevelopmentPlanning Model Development
Characterize modeling objectivesg j
• Tolerable levels of fidelity, accuracy, and precision
• Tolerable limits on interpretationp
• Development strategy

Study ProgressionStudy Progression

an
ce

Conceptual 
Module A

ApplicationModule B P t A dit

To
le
ra p

Model
pp

Post‐Processor A

Module B Post‐Audit
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… Consider a modular and adaptable modeling architecture or platform

Time



Planning Model ApplicationPlanning Model Application
Document
• Sources of model parameters and inputs
• Boundary conditions
Q li d li l i i i• Quality assurance and quality control activities

• Alignment of investigation needs with model assumptions
• Interpretations of model results• Interpretations of model results
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Planning Model ApplicationPlanning Model Application
Understand and describe
• Observed model sensitivities and insensitivities
• Vulnerabilities to invalidation of underlying assumptions
S f i f i l d d i d l li i• Sources of information consulted during model application

Critical Habitat
Seasonal Depth

Critical Habitat
Seasonal Depth
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Planning Model ApplicationPlanning Model Application
Characterize model results
• Sensitivities and relative confidence in results
• Sensitivities to reasonable deviations from assumed conditions
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… Consider bracketing, sensitivity, scenario, or uncertainty analyses for rapid 
assessment of decision confidence and uncertainty. 



Existing ResourcesExisting Resources
Engineer Circular 1105‐2‐412 

•Policy
•Process
•Definitions
•Expectations
•Criteria
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Existing ResourcesExisting Resources
Planning Model Review Standard Operating Procedure

•Procedures
Ti li•Timelines

•Costs
•Questions
•Templates
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Existing ResourcesExisting Resources
Assessment of Procedures and Results from USACE Planning Model Review

•Activities
Fi di•Findings

•Observations
•Trends/Patterns
•Lessons Learned
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Existing Resources Existing Resources ‐‐USACEUSACE
http://cw‐environment.usace.army.mil/restoration.cfm

http://cw‐environment.usace.army.mil/eba/index.cfm
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e.g., Reducing Spreadsheet Errors ‐ S. Kyle Mckay ( ERDC TN‐EMRRP‐EBA‐03) 



Existing Resources Existing Resources –– Other AgenciesOther Agencies
http://www.epa.gov/crem/
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Existing Resources Existing Resources ‐‐ OtherOther
http://ecobas.org/www‐server/mod‐info/index.html

21 http://www.eusprig.org/best‐practice.htm



Emerging USACE ResourcesEmerging USACE Resources
Ecosystem Management and Restoration Research Program

Environmental Benefits Modeling and Forecasting Guidebook and Training
T. Swannack and others ‐ Provide methods, protocols, and guidelines that 
t th th bilit t d l i t l b fit d f t b fit tstrengthen the ability to model environmental benefits and forecast benefit streams 
resulting from prospective restoration alternatives (effort ongoing)

Enhanced Library Database of Planning Models for Ecosystem RestorationEnhanced Library Database of Planning Models for Ecosystem Restoration
C. Fischenich and others – Expand the Ecosystem Restoration Gateway model 
library and increase the availability of information about each of the listed 
models

Watch for others at:
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Watch for others at:
http://cw‐environment.usace.army.mil/restoration.cfm



USACE Planning ModelUSACE Planning Model
Quality Assurance Review Results

Amanda Maxemchuk, Battelle
May 22, 2012
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AgendaAgenda

• Objective and Purpose
• Model Review Process Overview
• Models Reviewed
• Model Review Results
• Recommended Considerations
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Objective and Purpose of Model 
R iReviews

• The USACE Planning Models Improvement Program (PMIP) was 
established in 2003 to assess the state of planning tools being used byestablished in 2003 to assess the state of planning tools being used by 
USACE and to make recommendations to assure that high quality 
methods and tools are available to enable informed decisions on 
investments in the Nation’s water resources infrastructure and natural 
environment. 

• Main Objective: to carry out a process to review, improve, and validate 
analytical tools and models for USACE Civil Works business programs.

• Purpose: to evaluate the technical quality, system quality and 
usability of planning models in accordance with:

– EC 1105-2-412 Assuring Quality of Planning Models (31 March 2011)EC 1105 2 412, Assuring Quality of Planning Models (31 March 2011) 
– Protocols for Certification/Approval of Planning Models (EC 1105-2-412 

Attachment)
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Final Panel Comment StructureFinal Panel Comment Structure
Final Panel Comments can be composed of as many as five parts:

• A clear statement of the concern (all reviews)1

• Relevant model assessment criteria (based on Protocols for 2 the Certification/Approval of Planning Models) (some reviews)2

• The basis for the comment (all reviews)3

• The significance of the comment (i.e., high, medium, or low) 
regarding how the issue impacts the model (most reviews)4

• Recommendations to resolve the issue identified in the 
comment (all reviews)5
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Final Panel Comment Structure,,
continued

Final Panel Comment Significance Levels:Final Panel Comment Significance Levels:

• Affects the model’s ability to serve its intended purposeHighg

• Affects the level of understanding or performance of the 
modelMedium model

• Affects the technical quality of the model or its 
documentationLow documentation
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Example Final Panel Comment
Comment 1:Comment 1: 
Whether the model is capable of achieving its intended purpose is uncertain.
Relevant Model Assessment Criteria:
Review of:

Model Testing and Validation
Results

Basis for Comment:
The model can potentially satisfy the basic purposes for which it was developed, particularly its role in routine regulatory review, where rapid assessment 
tools that can quantify both unavoidable impacts and compensatory mitigation are routinely needed.  The model is a habitat-suitability index (HSI) model, 
which is a type of rapid assessment tool that is widely used for these purposes.  Like other his models, it still suffers from assessing only local physical 
habitat when other controls may be equally or more important determinants of habitat quality and habitat use (e.g., temperature, which is at least partly 
controlled by releases of cold bottom-water from reservoirs, and salinity, which is largely controlled by the interactions between stage/discharge and sea y , y, g y y g g
level).
The model can be used to make relative comparisons between alternative conditions, which is the basic requirement of any assessment tool to be used in 
routine regulatory review.  However, it is not clear if those relative comparisons are accurate and sensitive enough to satisfy the routine regulatory review 
purposes for which it was developed.  This uncertainty is related either to the fact that the existing validation exercise presented in the model documentation 
lacks transparency or that it does not adequately determine the model’s ability to accurately characterize habitat quality for all focus fish species and life 
history stages (Note: The Basis for Comment developed has been truncated for presentation purposes )history stages.  (Note: The Basis for Comment developed has been truncated for presentation purposes.)
Significance – High:
The model may lack the accuracy and/or sensitivity that is necessary to accurately distinguish between project alternatives with regards to their potential 
effects on each focus fish species and life history stage.
Recommendations for Resolution:
1. Clearly explain the methods by which the model results were converted to qualitative scores.  These methods should be quantitative and repeatable.  y p y q q p
2. Clearly identify the name, affiliation, expertise, and potential conflicts of interest of each of the experts who assessed habitat conditions.  These 

experts should be qualified and unbiased.
3. Clearly explain the data, criteria, and procedures the experts used in assigning the qualitative scores.  These methods should be quantitative and 

repeatable. 
4. Repeat the validation exercise using model index scores for each focus fish species and life history stage.
5. Clearly state if and how the validation exercise was used to revise the model (i.e., used as part of the calibration of the model) and/or quantify the 
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y ( , p ) q y
potential errors that might arise from the application of the model (i.e., used as a true validation of the model).   



Summary of Models Reviewedy

• 16 separate reviews of 34 individual planning models and 
methods:methods:
– Battelle – 11 reviews (22 models)
– USACE – 3 reviews (3 models)
– EA Engineering, Science and Technology, Inc. – 1 review (1 model)
– Abt Associates – 1 review (8 models)

• 418 Final Panel Comments were generated:418 Final Panel Comments were generated:
– Does not represent the total number of comments  
– Some Final Panel Comments had multiple parts
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RESULTS
9

RESULTS



Number of Final Panel Comments 
Across ReviewsAcross Reviews
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Variables Affecting Number of Variables Affecting Number of 
Comments
• Number of reviewers/expert disciplines• Number of reviewers/expert disciplines
• Complexity of the model
• Level of contribution of each individual model reviewer (e.g., model 

b bi l i l i tifi th th h i l i tifi th )base more on biological scientific theory than physical scientific theory)
• Amount of time for the review (reviews on compressed schedules may 

receive fewer comments, potentially indicating a reduction in review 
quality)quality) 

• Note: Inclusion of a review of model spreadsheets or software does not 
appear to affect the number of review comments (27 of 34 models had 
spreadsheets or software)
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Model Review Panel Members

• 1 – 6 reviewers per Model 
Review Panel (mean = 4)

• Information on expertise of the reviewer

Review Panel (mean  4)

• Information on expertise of the reviewer 
providing the comment available for 281 of the 
418 comments (5 of 16 reviews)

12



Model Review Panel Members  continuedModel Review Panel Members, continued
• Subject matter expert categories:

– Physical Scientist (Geomorphologist/Geologist, Geophysicist, Hydraulic Engineer, 
and Wetland Hydrologist )

– Biologist (Aquatic Biologist, Avian Biologist, Fishery Biologist, Fishery Ecologist, 
Population Biologist/Modeler, Preble’s Meadow Jumping Mouse Expert, and Waterfowl p g , p g p ,
Biologist)

– Ecologist (Biologist-Ecologist, Coastal Ecosystems Ecologist, Coastal Wetlands 
Ecologist, Estuarine Ecologist, Forested Wetland Ecologist, Freshwater Ecologist, Prairie 
Ecologist and Wetland Ecologist)Ecologist, and Wetland Ecologist)

– Method Specialist (Habitat Evaluation Procedures Specialist, Hydrogeomorphic
Method Specialist, and Wetland Habitat Assessment Specialist)

– Software Programmer/Spreadsheet Auditor (Java Specialist and g p ( p
Programmer/Spreadsheet Auditor)

– Planner/Plan Formulation Expert (Required understanding the Corps of Engineers 
planning process)
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Number of Comments for Each 
Discipline Category For All ReviewsDiscipline Category For All Reviews
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Model Review CommentsModel Review Comments

• The greatest number of comments were related to the technical• The greatest number of comments were related to the technical 
quality and usability of the models reviewed. 

• The greatest number of comments were assigned a high level of 
significance (issues affecting the ability of the models to serve theirsignificance (issues affecting the ability of the models to serve their 
intended purpose), followed by those assigned medium 
significance (issues affecting understanding or level of 
performance)performance).
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Number of Comments Related to 
Assessment Criteria Across Five Reviews 
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Number of Comments for Each of 
the Assessment Criteria

Model Assessment Criteria Jamaica Bay 
Model Review

SJNM 
Shorebird 
Model

SAM and SAM 
ETC

UDP 
Community 
Models

UDP HGM 
Method

Grand 
Total

Theory and External 
Model Components 7 0 5 3 3 18

f h

Criteria Related to 
Technical Quality

Representation of the 
System 14 3 5 7 9 38

Analytical Requirements 5 1 3 1 0 10

Model Assumptions 10 5 6 4 5 30

Ability to Evaluate Risk  7 5 5 1 0 18y
and Uncertainty 7 5 5 1 0 18

Calculations and 
Formulas 23 4 11 9 2 49

Ability to Calculate 
Benefits for Total Project 

Life
6 2 5 4 1 18

Life

Criteria Related to 
System Quality

Supporting Software 11 0 12 0 0 23

Programming Accuracy 23 0 9 0 0 32
Model Testing and 

Validation 23 2 11 3 1 40

Criteria Related to 
Model Usability

Data Availability 15 2 7 0 4 28

Results 34 5 15 7 3 64

Model Documentation 24 2 15 8 3 52

Technical Quality 36 7 18 13 13 87

17

System Quality 31 2 12 3 1 49

Usability 37 7 21 13 9 87
Total Number of Comment 41 10 22 15 17 105



Number of Comments at Each 
Significance LevelSignificance Level
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General Issues of High Significance

 Model formulas and how well the model represents 
Technical 
Quality

the system (there will always be something else to 
consider)

 Unclear or inappropriate assumptions

System 
Quality

 Calculation errors
 Limited evidence of model testing and validation

 Potential misuse of the model

Usability

 Potential misuse of the model
Worksheets difficult to review and use; model outputs 

difficult to find
 Sensitivity of model results to model inputs Sensitivity of model results to model inputs
 Precision and ability of results to distinguish between 

project alternatives
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General Issues of Medium Significanceg

How the model was developed

Technical 
Quality

Major assumptions and limitations
Level of subjectivity
Ability to evaluate risk and uncertaintyQuality

S t

Ability to evaluate risk and uncertainty
Explanation of the collection, precision, and accuracy 

of input data required
System 
Quality User guidance on model inputs

 Ability to verify and validate model results
Bi l i l/ l i l i t t ti f d l

Usability
Biological/ecological interpretation of model 

results/outputs
User interface design
N mber of alternati es or plans that can be

20

Number of alternatives or plans that can be 
compared at once



General Issue of Low SignificanceGeneral Issue of Low Significance

Technical Quality, 
System Quality

Quantity and quality of information in the user 
documentationSystem Quality 

and Usability
documentation

Model software/spreadsheet interface

21



Future Model Development
RECOMMENDED 
CONSIDERATIONS
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CO S O S



Model Documentation
Model documentation should include clear, detailed descriptions of:

The intended purpose of the model and how model outputs will 
be used by decision-makers

Major assumptions and limitations

The spatial resolution and geographic boundaries of the model 
(e.g., resolution of raster data or elevation data; project boundaries)

Separate model documentation, tutorials, and 
spreadsheet/software user documentation that includes: 
•Model Version  
•Developers  p
•Technical Support Contacts
•How to:  use the spreadsheet,  prepare input data,  model inputs
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Testing and Validation

Link model outputs to ecologically significant conditions.p g y g

Field-verify that index values accurately reflect habitat 
suitability/quality.y y

Perform and document model testing and validation.

HSI = 0 8 = Habitat Parameters?HSI = 0.8 = Habitat Parameters?
What does this look like in the field?

24



Analytical Requirements

Use the highest reasonable level of precision.g p

Assign quantitative boundaries to qualitative variables to improve 
model sensitivity to differences in variable scores and reduce 
subjectivity which can lead to differences in results between userssubjectivity, which can lead to differences in results between users.

Use sufficient data to represent all sets of reference conditions.

25



Spreadsheets and Software

Include the version number and date, as well as the names and 
t t i f ti f th d lcontact information for the developers.

Document all revisions to the model.

Protect model calculation worksheets.

Keep spreadsheets simple.

26



Spreadsheets and Software Utility

B ild in error checks and set p arningsBuild in error checks and set up warnings.

Design the model spreadsheet or software to accommodate as 
many alternatives as desired.many alternatives as desired.

Allow the user to define filenames and file locations.

Make model outputs transparent and easy to find and understand.
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Unique But Notable RecommendationsUnique But Notable Recommendations

F H bit t S it bilit I d (HSI) t d l f ll idFor Habitat Suitability Index (HSI) type models, carefully consider:
Which species, guilds or life history stages should be 
represented?
What are the most appropriate parameters to represent habitat

•
What are the most appropriate parameters to represent habitat 
quality?
What is the level of precision needed for model parameters?

Develop performance measures that consider changes in critical 
model variables for highly dynamic environments (e.g. 
fluctuations in salinity).

•

Provide a detailed technical rationale for the number of years and 
range of years used to characterize hydrologic conditions.

•

28



Unique But Notable RecommendationsUnique But Notable Recommendations

Include variables that address the importance of habitat patch size 
and shape, habitat corridors, and habitat connectivity. 

Account for differences in feeding guilds and season in waterfowl

•

Account for differences in feeding guilds and season in waterfowl, 
shorebird, and fish HSI models.

Be cognizant of rounding issues.

•

•

Make results from alternative model assumptions tamper-evident.•
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Most Important Recommendations

Minimize the level of subjectivity and variation in 
user inputsuser inputs

Demonstrated/additional model testing and 
lid tivalidation

Complete and organized documentation:
Model DocumentationModel Documentation
User Guide
Quick Start Guide (software)
S d h t D t tiSpreadsheet Documentation
Tutorial
Developer’s Guide

30

p
Test and Release Plan



VALUE OF MODEL REVIEWS

 Identification and correction of calculation errors in model 
spreadsheets or softwarespreadsheets or software

 Ability to recognize and reduce the potential for errors and 
inaccuracies

 Identification of ways to improve the model code, interface, 
and documentation for future revisions of the model 
spreadsheets or softwarep

 Improved resolution of model results
 Improved model documentationp
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Questions?Questions?
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