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Objectives

* Overview of model types, selection, evaluation

» QOutline an approach for the classification of
models in the context of forecasting ecological
outcomes

* Develop a clearer perspective of the forecasting
needs of planners for ERDC researchers




Ecosystem Restoration

Galilee Salt Marsh constructed by New England District
- finished in 1997
-1999 Coastal America Partnership Award




USACE Initial application
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Model Selection

= Choosing appropriate tool
» Nature of the problem

» Understanding appropriate use of existing
models

« Assumptions and limitations of models
» Does model capture essential system

components as they apply to the specific
project?

o)

BUILDING STRONGg,




Model Types

Model General Use Example

Analytical Systems where solution to Population growth, Lotka-
closed form equations \olterra models,

Conceptual Diagramming relationships ~ CEMCAT, see Fischenich,
among components, 2008, for more examples
organizing information,
determining data needs

Index Determining habitat quality = HSI, HGM
across a landscape,

Simulation Modeling dynamics of Agent-based models, ADH-
complex systems CASM, ELAM, ICM,

Statistical Analysis of datasets ANOVA, goodness-of-fit,

regression, t-test,
Spatial Considers space explicitly

GIS, EDYS
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Model Develop

ment

Plan Formulation/Project Objectives

Model Development

1

Conceptual Model '\

Quantitative Model

Model Evaluation

|

Model Application
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Conceptual Model

Season
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Quantitative Model

1. Linking to the conceptual model

2. Selecting the general quantitative structure, time unit
and spatial scale for the model

3. ldentifying functional forms of model equations

4. Estimating the

Index of tree recruitment
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Forest Floodplain Example

Weeks Inundated (during growing season)
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Model Evaluation

Evaluate correspondence between model results and expected
patterns of model behavior (model verification)

il

2. Examine correspondence between model projections and data
from real system (model validation)

3. Adjust empirical parameters to match a known behavior, expert
opinion or reference site data (model calibration)

Metric
Metric
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Model Evaluation con’t.

5. Determine levels of uncertainty associated with model
forecasts (Uncertainty analyses)

6. Identify data gaps and research needs that may not have
been obvious during conceptual model development

BUILDING STRONGg,
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Modeling in Practice

= Modeling is best done using an iterative approach, where you
quantify and evaluate small sections of the larger model, the
entire conceptual model is represented
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Modeling in Practice con't.
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In a Nutshell:

* Modeling efforts should begin by precisely indentifying
objectives for the project with stakeholders. Once the
objectives have been identified, a conceptual model should
be developed and then used as the template for quantitative
model development

= Modeling is a dynamic process and models are best
developed through an iterative approach where a preliminary
conceptual model is developed, then small sections of that
conceptual model are quantified, evaluated and documented
In a piecewise fashion until the system is represented
quantitatively, which facilitates transparency and scientific

defensibility

BUILDING STRONGg,




Classification of tools

« Consider a comparison of tools based on the effort it takes
to apply them (person-days to collect data and perform
analyses) and the utility of the outcome.

» Prescriptive utility should encompass the relevance,
uncertainty, accuracy and precision of the model output.

* The uses and limitations of different types models was
examined.

* The classification should help identify the trade-offs in
selection of a forecasting tool as well as the areas that
need to be strengthened.




Classification of Tools
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Example — simple tools

» Species of concern for a specific site — used of
Habitat Suitability Index (HSI)

Habitat

* VS next slide from Ecomodeling talk from SWWRP




SHAPE — stream Habitat Analyses Package —  MultiD high fidelity ecological simulations from readily available

data
Start with a HEC-RAS model . . . )
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Large Ecosystem Models

develop to describe the

- function of a biome are
designed to-describe the
function of the system, and
have little predictive value
for manipulations.




Magic Bullets

“Magic bullets” are low-effort tools with high
prescriptive utility. These tools, if they exist,
are unlikely to be reliable.




Model Certification

“Use of certified models for all planning activities
IS mandatory. This policy is applicable to all
planning models currently in use, models under
development and new models.”

ASSURING QUALITY OF PLANNING MODELS,
Circular No. 1105-2-412 , 31 March 2011
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General Conclusions

We suggest a number of efforts which begin to bridge the
gaps in forecasting needs:

-Transfer of techniques and analytical methodologies of
forecasting as well as the potential lessons and limitations
of the relevant research.

- Develop probabilistic, predictive tools with limited data
requirements for common types of restoration projects.

- A system of cumulative analysis or oversight — ideally
iIncluding both communities — is necessary to evaluate the
impact of multiple projects.




Consequences of Restoration

Restoration necessarily includes “with” and “without”
project conditions. Use of forecasting models
would provide quantitative outcomes for different
actions. As well, measurement of the actual
outcomes of restoration are an opportunity to refine
forecasting models to predict the effects of a
disturbance.




Environmental Benefits Analysis: Risk Management and
Uncertainty in Ecosystem Restoration Projects;

Development of Project Level Objectives and Metrics
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A suite of technical notes on risk and uncertainty in ecosystem restoration

projects and the development of project level objectives and metrics in
restoration planning. Research has been presented at several professional

conferences, i.e. SETAC.




Adaptive Management for Everglades Restoration

An Enhanced Adaptive Management (EAM) approach that has in
its core a decision model that provides managers a framework for
selecting restoration alternatives.




Research needs

- The potential for existing models to be used to determine the
uncertainty and probabillistic risk associated with the projected
outcome.

- Inclusion of ecosystem services - versus species-specific
habitat quality — as the goal of a restoration, and development
of indices that define those same functional services.

-The outcomes of restorations in terms of the objectives and
methods used need to be archived and shared.

- A system of cumulative analysis or oversight is necessary to
evaluate the impact of multiple projects.




Discussion, Questions




Forecasting Research

Frequency

N
o

Year of Publication

The frequency of
published papers with
“ecological forecast*” as
a search topic in Web of
Science, separated by
year of publication.
Projections for 2010
indicate nearly 100
papers were published
that year.




In a nutshell:

*Ecological forecasting provides a series of methods to
estimate the probability of future conditions.

*Environmental interventions, such as ecological
restoration undertaken by the USACE, contain implicit
predictions of future conditions or functions.

*Despite the interrelatedness of these two fields, there is
very little cross-utilization of either the outcomes of
forecasting research or the “experimental conditions”
created through environmental planning.

*The disconnect between these two fields is a source of
risk for negative outcomes and potential for new areas
of research.




