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This volume presents principles, concepts, methods, and examples of

several modeling approaches suitable for planning wildlife conservation in

large landscapes. Many approaches are rooted in ecological theory (e.g.,

Rowland and Wisdom, this volume), with different data needs, assumptions,

and methodologies, and have been applied successfully in a diversity of
environments. Approaches range from fine filter, single species approaches

to multiple species or coarse filter, ecosystem approaches. The diversity of

approaches may seem overwhelming to land managers or planners who

must select among these options for their project. In this chapter, we

present a decision framework (Fig. 24-1) that represents the range of options

for planning wildlife conservation considered in this book. The context

for this framework, and for the book, is that the reader is interested in the

conservation of wildlife species; we do not consider coarse filter approaches
focused solely on higher ecological levels without consideration of species.

As with any science-based planning effort, careful upfront consideration of

objectives and the level of investment you can make will make subsequent

methodological questions much easier to address. The topics here are gener-

ally arranged from those related to the goals of the project and refining

objectives, to model development and application, to model or project

evaluation, and conclude with some miscellaneous issues we believe deserve

consideration. We use the framework to step through two case studies
(Fig. 24-1).
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FIG. 24-1

Examples of decision pathways for two different conservation planning problems. Case 1 (A) is

part of the Hoosier National Forest Plan that considered habitat suitability for focal species

under five plan alternatives. Case 2 (B) is a reserve selection problem in which Lake

County Illinois planners identified the optimal set of sites to protect rare plants and animals

given a fixed budget. See text for details.

662 CHAPTER 24 A Decision Framework for Choosing Models
RESERVE SELECTION VERSUS LAND
MANAGEMENT PLANNING
The goal of reserve selection is to select a geographic area that best addresses
conservation objectives, while the goal of land management planning is typi-

cally to select land management practices that best meet conservation objec-

tives for a defined geographic area. The boundary between these methods

becomes blurred when the definition of reserves is loosened to include multi-

ple-use lands for which conservation is one of many objectives, and reserve

selection methods are used to select lands, perhaps already within public own-

ership, for different levels of protection. Both reserve selection and land man-

agement planning can address single or multiple species. Multiple species
problems typically consider habitat needs of as many species as possible, or a

subset of high-concern species (Flather et al.; Noon et al., this volume). Single
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species problems are more likely to focus on abundance and can use gap

approaches to see if important areas (i.e., areas of high abundance) are cov-

ered (i.e., Fig. 22-6, Fitzgerald et al., this volume). Mathematical optimiza-

tion procedures can be used to maximize benefits across several objectives

(Haight and Gobster, this volume), or simple graphical or map-based assessments

can be made, for example, by comparing maps of current protected areas to maps

of species abundance.
SINGLE SPECIES VERSUS MULTIPLE SPECIES
The decision regarding single species versus multiple species is primarily a

function of project objectives. Some projects may be focused on a single spe-

cies, such as the recovery plan for an endangered species. Most land manage-

ment decisions, however, involve multiple species. Reserve selection
problems are generally multispecies approaches that focus on species diver-

sity or maximizing coverage of a set of high-priority species. In land manage-

ment planning, however, multispecies approaches usually involve reapplying

single species models. For example, Habitat Suitability Index (HSI) models

have been used to evaluate the impact of management alternatives on 10

wildlife species for the Hoosier National Forest (Dijak and Rittenhouse, this

volume) or to develop bird conservation plans covering 40 species for mul-

tistate bird conservation regions (Fitzgerald et al., this volume). We are not
aware of any land management planning exercise that evaluated habitat qual-

ity or animal abundance for multiple species in a single, multivariate model.

The reason is that predictive statistical models would likely be too compli-

cated, or be unrealistically simplistic, to address the diverse responses of

multiple species simultaneously. Some software automates predictions for

multiple species by implementing a number of single species models (Beck

and Suring, this volume). An alternative to multiple single species models

is a coarse filter approach or a focus on species diversity, both of which
require additional assumptions and issues that we discuss in the following

sections.
COARSE FILTER VERSUS FINE FILTER
Many conservation needs can be met through coarse filter approaches that
focus on ecosystem representation and diversity. Coarse filters can be used

where ecosystems or other high-level ecological units are the focus of conserva-

tion efforts, or where the focus is on species conservation and ecosystems are

surrogates that address the needs of single or multiple species (Haufler and
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Kernohan, this volume; Hicks et al., this volume; Noon et al., this volume),

which is our approach here. For a single species, planners would select ecosys-

tems or habitats as surrogates for a species abundance or viability. This

approach is extended to multiple species by repeating the process for groups

of species. Most projects, however, will involve the use of fine filters (i.e., spe-

cies-level modeling), at some stage, whether as the primary planning approach

(Fitzgerald et al., this volume), or as a component for selected high-profile spe-

cies (Hicks et al., this volume), or to validate assumptions about the adequacy of
coarse filters to meet species viability needs. At a superficial level, coarse filter

approaches may appear like a less complex planning approach, but they rely

on many untested assumptions such as the adequacy of vegetation type and

structure to represent ecosystems or other ecological units (Noon et al., this vol-

ume). Multispecies approaches using a fine filter approach require models for all

species of interest or a set focal species.

An alternative to the coarse filter/fine filter dichotomy is a multiscale

approach that takes a stepwise approximation approach working from broad
scales to successively finer scales (Probst and Gustafson, this volume). This spe-

cies-based approach begins at the broadest scale in the problem with simple dis-

tribution data and then increases resolution by examining habitat gradients and

occurrence information, then productivity and survival. Information is synthe-

sized across scales for the problem and key assumptions addressed through

monitoring (Probst and Gustafson, this volume).

So whether through a combination of coarse and fine filters, a stepwise multi-

scale approach, or a fine filter species-level approach, at some point species-level
models will be required either as the primary approach or to validate assumptions

made in coarser-scale analyses. Hence, much of our focus in this volume and the

remaining discussion in this chapter relates to species-level approaches.
SPECIES REPRESENTATION VERSUS DIVERSITY
A focus on species diversity is one potential solution to the trade-offs involved

between fine filter/species approaches versus coarse filter/ecosystem

approaches. Perhaps the most popular measure of species diversity is species

richness, a simple count of the number of species. However, species richness

is generally not a suitable metric for conservation planning because it is gener-

ally driven by common, widespread species, which are not the species most

conse r vatio n pla nning ef for ts are intend ed to addres s (Brook s et al. 2006).
Furthermore, maximizing species richness at local scales can reduce species

richness at larger scales (Noss 1987). So, simple diversity objectives are gener-

ally abandoned in favor of those that address species representation; we

generally want all species (or other components of biodiversity) adequately pro-

tected in conservation plans (Sarkar et al. 2006). One way to address species
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representation in reserve design is to ensure that some target set of species pool

members, typically species considered at risk or a high conservation concern, are

adequately represented in the conservation plan (Flather et al., this volume). Addi-

tionally, reserves can consider those that complement, as opposed to those redun-

dant with, species covered in existing reserves or other areas being considered

(Flather et al., this volume). In land management planning, species representation

is often addressed by focusing on high-concern species or selecting indicator spe-

cies that serve as surrogates for a larger group of species. For example, bird con-
servation under the Partner’s in Flight plan in North America focuses on a set of

priority species (Fitzgerald et al., this volume). Land management planning on

national forests in the United States has focused on threatened, endangered, and

sensitive species and management indicator species, but is shifting to greater

use of coarse filter approaches (Noon et al., this volume). Species representation

problems can address presence/absence, abundance, or viability.
HABITAT, ABUNDANCE, OR VIABILITY
We and others in this volume have discussed the need to focus on viability (Akçakaya
andBrooks, this volume; Beissinger et al., this volume; Bekessy et al., this volume;Mill-

spaugh et al., this volume) or setting population goals tomeet desired levels of viabil-

ity (Fitzgerald et al., this volume; Johnson et al., this volume). Indeed, persistence is

one of the key tenets to biodiversity conservation in addition to representation (Sar-

kar et al. 2006). However, there will be many applications where habitat will serve

as a surrogate for populations and the amount of habitat or population size as a sur-

rogate for viability. Projects dependent on existing knowledge such as the scientific

literature and expert opinionwill be more amenable to simpler models (i.e., habitat
matrix or habitat suitability models) that predict habitat quality and not abundance.

However, because of their simplicity and availability of data, habit models can be

used for more species than population or viability models. Predicting relative or

absolute abundance usually involves fitting a statistical model to a suitable data set

and using it to predict the response variable of interest, often in the form of contin-

uous surfacemaps (Fitzgerald et al., this volume; Niemuth et al., this volume). These

approaches require all the usual assumptions of statistical models, and though often

ignored, should consider issues of detection probabilities and potential biases if
ignored. See related discussion later on conceptual versus statistical models.

The majority of projects have an ultimate goal of ensuring species viability,

but default to modeling approaches that consider only habitat or abundance

because of real or perceived project limitations. A lack of data about population

vital rates and the impact of environmental factors on those rates often precipi-

tates the use of habitat or abundance models. Most wildlife research and moni-

toring activities have focused on habitat use and abundance, in part because

data to estimate productivity and survival can be more difficult to collect. We
suggest projects that have an ultimate goal of ensuring species viability, but that
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take a habitat or abundance approach because of the preceding constraints,

should attempt to develop population viability models based on their best

understanding of population parameters to validate their approach for select

species. Available software greatly facilitates the development of such models

(Akçakaya and Brook, this volume; He, this volume; Roloff et al., this volume)

and the experience of parameterizing a model and conducting simple sensitivity

analyses can identify important knowledge gaps and areas of uncertainty related

to the assumptions and data used in habitat or abundance-based models.
PROCEED WITH EXISTING DATA OR COLLECT
NEW DATA
Often, it is tempting to postpone modeling until more and better data are avail-

able. However, we encourage moving forward with modeling efforts despite a

lack of complete information (Millspaugh et al., this volume). Simple models
without a full complement of data can be developed, which still allow for

important evaluations, such as sensitivity analyses that can be used to guide

future data collection. When data collection and needs are considered within

an adaptive management framework, alternative models and key assumptions

can be evaluated.

For many species, existing literature about habitat relationships can be

derived from the literature. Such information can form the basis for preliminary

model development and evaluation. Thus, one can often proceed with model
development and application despite a lack of site-specific data. Subsequent

investigation can evaluate the validity of those existing data and assumed rela-

tionships. At the very least, literature-derived estimates and relationships offer

some insight into possible factors of importance and can help guide study objec-

tives and experimental design (e.g., determination of sample size requirements).

Without model validation, though, literature-derived models should be used

with some suspicion.

Whereas general habitat requirements might be derived from the literature,
models requiring vital rates might be more difficult to parameterize. Because

habitat studies are more common and generally applicable across a species

range, there might be less danger in applying simple habitat models versus via-

bility models, which are more data hungry. Also, vital rates are often more likely

to differ across a species range when one considers population processes that

are site and population specific (e.g., density dependence, density-independent

factors such as weather, predation, habitat fragmentation). Regardless of the

approach, we believe it is prudent to make full use of existing data while
acknowledging limitations and uncertainty and identifying ways of reducing

both. One will never have all the data he wants or desires; however, it is neces-

sary to move forward and make management decisions in a timely manner.
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QUALITATIVE OR CONCEPTUAL VERSUS
STATISTICAL MODELS
Most planners, managers, and scientists would rather have a model based on

good empirical data (i.e., a statistically fit model) than a more qualitative or concep-

tual model based on existing knowledge in the form of literature and expert opin-

ion. The reality is many more of the latter type models exist, and will be built,

than the former. Qualitative or conceptual-based models can be based on a variety

of data types (expert opinion, literature, and empirical) and built with whatever

knowledge currently exists, which is a strength. So, for example, habitat matrix
models have been built for literally thousands of vertebrate species across the north-

eastern (DeGraaf and Rudis 1986), southern (Hamel 1992), and western (Airola

1988, Fitzgerald et al., this volume;Hepinstall et al., this volume;Hicks et al., this vol-

ume) United States. GIS-based habitat suitability models, which add important land-

scape components, making them spatially explicit, are now available for many

species (Larson et al. 2003; Rittenhouse et al. 2007; Tirpak et al. 2008).

The shortcoming of qualitative or conceptual models is that without some type

of data-based validation, there is no way to assess model validity. With a statistical
model we should at least know how well the model describes the data on which

it was built. This assessment of the fit of a statistical model, however, can create a

false sense of security and lead to the application of themodel outside its true scope

of inference,which could result in large prediction errors. Thus, appropriate assess-

ment of a statistical model should consider standard metrics of model fit (e.g., devi-

ance), but also whether the model is appropriate for the site.

Good modeling practices (see Millspaugh et al., this volume) should be used

regardless of which approach is taken.We encourage hypothesis-based or mechanis-
tic models because most models in landscape planning will be used for prediction

with new data and simple correlative relationships from a single data set may not

work well for this purpose. We see convergence between conceptual versus statisti-

cal models in current information-theoretic frameworks. For example, suitability

indices in HSI models can serve as the basis for candidate models in an information

theoretic framework evaluating model support when empirical data become avail-

able (Rittenhouse 2008). Also, this approach can guide data collectionwhen applied

in an adaptive management framework that includes model evaluation.
STATIONARY VERSUS DYNAMIC
Stationary approaches typically are either focused on current conditions;

assume habitats, landscapes, or populations are not going to change signifi-

cantly over the planning horizon; or assume current landscape conditions

are representative of future conditions, just not in a spatially exact way.
Dynamic approaches directly address landscape or population change over
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time. In a statistical model, this usually means fitting a model to a time series and

making assumptions about the applicability of current trends to forecasting the

future. In simulation modeling it involves parameterizing vital rates of popula-

tions or landscape processes to project current conditions into the future.

Others in this volume (Akçakaya and Brook, Bekessy et al., He, Hepinstall

et al., Oliver et al., McKenzie et al.) and elsewhere (Akçakaya et al. 2004, Wintle

et al. 2005, Pichancourt et al. 2006, Shifley et al. 2006) have demonstrated the

benefits of modeling landscape change as part of wildlife conservation planning
or viability assessments. A failure to account for succession in understory and

overstory, natural disturbances, changes in land use, climate change, or planned

management activities can result in inaccurate or biased estimates of habitat

suitability, abundance, or viability. We believe dynamic approaches have great

utility and will increase in use; however, we suggest users consider the follow-

ing issues in their application. Dynamic modeling approaches can be a large

undertaking and may not fit the time frame of the project or the objectives of

the planning process. While some simple approaches undoubtedly exist, pro-
blems that consider multiple management alternatives in large landscapes can

take years to assemble data, parameterize models, run the models, and compile

and interpret output (Shifley et al. 2006). Second, consider how the time series

generated by dynamic approaches will be used. The addition of time as an axis

to analyses that already consider multiple species and multiple management

alternatives may provide too much information. An alternative is to consider a

single point in time, for example, at the end of the planning horizon. Dynamic

landscape modeling approaches are constrained in spatial extent or require
trade-offs between resolution and extent. For very large-scale planning efforts,

the coarser resolution required to address large spatial extents may be too

coarse to capture important spatial processes affecting the species of interest.

These problems require rethinking the important dynamic process at larger spa-

tial scales because given current computing limitations, small-scale processes

simply cannot be replicated over larger spatial extents, although features such

as understory vegetation growth might be important (McKenzie et al., this vol-

ume). Lastly, approaches that directly incorporate dynamic landscape modeling
will almost certainly involve heuristic approaches to optimization or more likely

“choosing from alternatives” approaches to decision making simply because

they are too complex for true optimization approaches to landscape design.

One dynamic process that we have largely ignored in this volume is global

change. The reason for this omission is that most operational land-management

planning at landscape scales ignores global change, operating under the assump-

tion that impacts resulting from land-use change and resource management prac-

tices are of greater concern under typical planning horizons. This assumption,
however, may be challenged as new information on the magnitude or time frame

of global change is discovered. Global change modeling generally focuses on

larger scales than land management planning. Traditionally, global change modeling

addressed vegetation and wildlife through modeling the impact of climate
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change on species distribution through characterizations of species bioclimatic

envelopes. In response to critiques that factors other than climate change affect

species distribution, however, models have become more complex and include fac-

tors such as biotic interactions, dispersal, and disturbance (Pearson et al. 2003,

Beaumont et al. 2007). For example, a frame-based spatially explicit model

(ALFRESCO) was developed to simulate landscape-level response of vegetation to

interactions between fire, climate, and vegetation in the boreal forest of interior

Alaska (Rupp et al. 2000, 2002). As climate change models become more realistic
and step down to the landscape level, and concerns for global change impacts

grow, we expect to see global change addressed by more large-scale wildlife conser-

vation and land management planning. For example, it is likely that the incorpora-

tion of such spatio-temporal changes will become routine in future PVA modeling

(Akçakaya and Brook, this volume).
OPTIMIZATION VERSUS CHOOSING
FROM ALTERNATIVES
All but the simplest projects will ultimately have to address how to maximize ben-

efits from competing objectives. Projects focused exclusively on wildlife conser-

vation will need to address conflicts among species needs and maximizing
viability given financial constraints (Haight and Gobster, this volume). Multiple-

use projects will need to maximize benefits associated with species viability and

other benefits such as recreation or wood or mineral production. Selecting a

course of action to meet objectives can involve an optimization approach or

choosing among defined alternatives. Optimization methods are generally empiri-

cal, and methods to choose among alternatives range from qualitative to empirical

(Haight and Gobster, this volume).

Choosing among defined alternatives is a common approach used for national
forest land management plans in the United States. A number of management

alternatives are considered that span the interests of stakeholders and balance

competing objectives in different ways. Information is gathered on the effects

or outcomes of each alternative and can range from expert opinion to predic-

tions from empirical models (Fig. 24-2; Dijak and Rittenhouse, this volume). A

planning team considers which alternative best meets the public interests and

legal mandates based on information gathered from the stakeholders and

resources specialists. If objectives can be clearly defined in some measurable
form, and some form of decision framework or weighting agreed upon for

competing objectives, a model could be developed to choose the optimal alterna-

tive. We are not aware of any examples of this approach; one of the benefits of

choosing from alternative models is the simplicity of relying on a consensus

after reviewing the evidence for the alternatives. A potential important short-

coming of this approach is that the optimal solution is not likely among the
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FIG. 24-2

An example of the “choosing from alternatives” approach. Maps of predicted changes in

forest size-class and habitat suitability for four wildlife species under three management

alternatives considered in the Hoosier National Forest Land Management Plan. Maps and

graphs such as these can be used to inform selection of a preferred alternative.
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few alternatives typically considered; however, we assume that one of the alter-

natives is close enough.

Optimization approaches seek the optimal solution based on well-defined

objectives or evaluation criteria (Flather et al., this volume; Haight and Gobster,
this volume). The use of optimization analysis in conservation is not common

but is increasing (Rod r igues and Gaston 2002 ). There are two broa d classe s of

optimization approaches: those that seek exact optimal solutions (Hof and

Flather 2007) and more heuristic approaches that use iterative or stepwise algo-

rithms that approximate an efficient design (Cabeza and Moilanen 2001). Some

conservation problems can be reduced to a few important variables and solved

through an exact optimal solution (i.e., Haight and Gobster, this volume). How-

ever, many conservation problems are too complex and intractable in a closed-
form exact optimization model; in these cases, more heuristic approaches offer
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a reasonable alternative (Pressey et al. 1997). Often, more species in the analysis

results in consideration of more management options and objectives, which

makes the problem more difficult to solve. Somewhat ironically, these more dif-

ficult cases become too complex for any reasonable effort using mathematical

optimization, and planners often fall back to simpler approaches such as choos-

ing among a defined set of alternatives that have been characterized by an eval-

uation of their impact on a limited set of resources and species; models may or

may not be used. However, in some cases spatial optimization has been used to
maximize persistence or habitat suitability for multiple species (Noon et al., this

volume).

Careful articulation of objectives is important in any decision, but especially

so for empirical-based decisions. For example, maximizing (1) total habitat suit-

ability across all species, (2) average total habitat suitability per species, or (3)

average total habitat suitability per species, with the constraint that total habitat

suitability must be greater than some minimum for each species, will likely

result in different solutions.
CASE STUDIES
We present two case studies based on examples presented in this volume to

illustrate the use of this decision framework. For illustrative purposes we pres-

ent plausible reasons for the decisions made in these examples; these may or
may not represent the thought process of the parties involved.
Case 1: Hoosier National Forest Plan
In Case 1 we consider one element of the Hoosier National Forest Plan:

planning for the viability of a set of focal wildlife species (Rittenhouse 2008).

This case study involves a land management problem where a plan will be devel-

oped to manage lands encompassing the Hoosier National Forest to meet stake-

hold er interest s and legal mand ates ( Fig. 24-1 A, step 1). By legal mand ate, the

agency must consider viability of native species, so it is a multiple species prob-

lem that addres ses specie s rep resentatio n (Fig. 24-1 A, step 2 and 3). The
planning team chose a fine filter approach by considering the habitat needs of

a set of focal species representing a mix of management indicator species and

speci es of concer n ( Fig. 24-1 A, step 4). The plan considere d the amou nt and

quality of habitat, as opposed to species abundance or viability directly, because

habitat could most easily be linked to the forecasted changes in forest composi-

tion and str uctu re under the plan alter natives ( Fig. 24-1 A, step 5). The plan used

a dynamic approach so it could address short- and long-term affects of manage-

ment by estimating habitat suitability from the outputs of a dynamic landscape
change mod el (Fig. 24-1 A, step 6; Dijak and Rittenhous e, this vol ume). The plan
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had to be completed within a short time frame, so it relied on existing data and

utilized habitat suitability models that could be developed from expert opinion

and publis hed studies (Fig. 24-1 A, step 7 and 8). The pla n considere d mana ge-

ment alternatives (Fig. 24-2) and relied on the development of a consensus

based on input from resource specialists, stakeholder meetings, and delibera-

tions of the pla nning team (Fig. 24-1 A, step 9).
Case 2: Lake County Reserve Selection
In Case 2 we use the example presented by Haight and Gobster (this volume)

where Lake County Illinois planners wanted to identify a cost-effective set of

sites to be acquired to protect rare plants and animals. This is a reserve selec-

tion problem t hat a ddresses multiple s pecies ( Fig. 24- 1B, step 1 and 2). The

planners wanted to select sites for protection that optimized the number of

species protected within a defined budget. While the quantity being optimized

is a count of species, they considered only a pool of rare plants, so this is a spe-
cies representation problem (Fi g. 24- 1A, step 3). T he y t ook a fine filter

approach because they wanted to explicitly account for the occurrence of rare

pla nts and a nim als (Fi g. 2 4-1A, step 4). T he approach was based on occur -

rence, the simplest metric of abundance, presumably because these data were

available and they did not see enough additional benefit for the additional

effort required to collect or analyze additional data on density or viability

( Fi g. 2 4-1 A, step 5 a nd 7). This represents a stationar y approach because t he

planners did not model how sites or populations might change over time
( Fi g. 24 -1A, step 6). Instead, t he y relied on existing data a bout occur rence,

which is essentially a qualitative model of occurrence, because they did not

model occur ren ce fro m sur ve y data ( Fi g. 24- 1A, step 8). The y used a tr ue

closed form optimization model to select the optimal set of sites given their

budget (Haight and Gobster, this volume).
OTHER ISSUES
Many of the procedures discussed in this book require combined skills of GIS

applications, vegetation modeling, wildlife-habitat modeling, and social and
economic considerations. Given the data and technical expertise required,

the availability of large spatial data sets and concepts being addressed, model

sophistication is quickly outpacing the ability of agencies to apply them.

Model and data complexity require teams of scientists, planners, and man-

agers to work collaboratively to address planning requirements. Furthermore,

the availability of high-quality data is not keeping pace with sophistication of

analytical methods. As pressures increase for large-scale conservation

planning, agencies will need to continually retool to meet mandates and
planning needs.
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SUMMARY
We outlined a decision framework for choosing among the many modeling

approaches presented in this book. Elements in the framework include choos-

ing models that address reserve selection versus land management; single spe-

cies versus multiple species; species representation versus diversity; coarse

filter versus fine filter; habitat, abundance, or viability; stationary versus dynamic;

existing data versus new data; theoretical versus statistical; and optimization

versus choosing from alternatives. After reviewing elements in the decision
framework discussed in detail in other parts of the book, we worked through

the decision process of two case studies. In doing so, we identified several pit-

falls, such as lack of data, and offered guidance about the modeling process.

Careful consideration of objectives is necessary to select the appropriate pro-

cedures, metrics, and tools in any conservation planning activity. Although

reminding one to revisit objectives might seem like an overly generic recom-

mendation, it is a fundamental consideration that drives all subsequent deci-

sions. Without clearly articulated and followed objectives, one could
easily become lost in the myriad of methods, available data, future data needs,

and other decisions within the framework we have provided. One must

avoid the temptation to use metrics that are simply easy to measure or readily

available. Instead, it is far better to move forward with a lack of complete

knowledge using the most appropriate metrics and concepts, while acknowl-

edging the need to collect additional data to test assumptions and reduce

uncertainty.
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