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1 | INTRODUCTION

The Public Trust Doctrine and similar policies mandate that local,
regional and national government agencies steward natural re-
sources and the environment for the benefit of present and future
generations (Geer v. Connecticut, 1896; lllinois Central Railroad
Company v. lllinois, 1892; Organ et al., 2012). Natural resource and
environmental quality issues are complex, from biodiversity losses
and impacts of invasive species to environmental degradation and
climate change. Intertwining biological information, societal needs

and cultural protection requires careful consideration of humankind

conservation planning, decision-making process, environmental planning, environmental
quality management, natural resource management, objective setting, SMART criteria

and ecological systems, which involves developing and implement-
ing plans at multiple scales to link high-level goals to actionable
objectives (Berkes et al., 2000, 2002; Bryson, 2018; McMullin &
Pert, 2010; Ostrom, 2007, 2009; Powell, 2020).

Plans typically fall into one of four general categories: strategic,
operational, management, and logistical (Figure 1). Strategic plans
state qualitative goals that reflect agency mandates and aspire to
fulfil public values (Aldridge et al., 2021; Barber & Taylor, 1990).
Operational plans govern how management planning and decision
making is conducted (processes; Bryson, 2018; Gregory et al., 2012;

Runge et al., 2013). Operational plans also define the roles and
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FIGURE 1 Relationships between types of plans (left), who typically develops each type of plan (center) and the primary elements of

plans (right).

responsibilities of the agency, agency personnel and other inter-
ested parties (Bryson, 2018; Gregory et al., 2012; Runge et al., 2013).
Management plans articulate objectives that are used to compare
the expected outcomes of alternative management actions, evalu-
ate progress towards the desired state of the system, and achieve
strategic goals (Conroy & Peterson, 2013; Gregory et al., 2012;
Powell, 2020; Runge et al., 2013). Logistical plans outline the steps
to implement management actions and monitoring (activities), spe-
cifically, how, when, where and by whom they will be executed.
Typically, agency commissioners and administrators produce strate-
gic and operational plans, while field-based managers are responsi-
ble for developing and maintaining management and logistical plans
(Figure 1; McMullin & Pert, 2010; Powell, 2020). Here, we are fo-
cused on management plans, specifically management objectives,
but it is important to clarify that management plans are shaped by
strategic and operational plans and are often accompanied by or
include a logistical plan for implementing chosen actions and mon-
itoring (Anderson, 2002; Powell, 2020). In addition, the comprehen-
sibility of management objectives increases with the inclusion of
background information, the management context (problem state-
ment) and a synthesis of past management actions of the system
being managed.

Developing objectives for management plans is an essential
but challenging step in the planning process (Doran, 1981; Gregory
et al., 2012). If management objectives are incomplete, wrong, or
simply not stated, effort and other finite resources may be misdi-
rected to the wrong problem, and new problems or conflicts can
arise (Alexander, 2008; Bond et al., 2008; Gregory et al., 2012;
Meadows, 2008; Montibeller & von Winterfeldt, 2015). This is a
legitimate hurdle and concern for many natural resource and en-
vironmental managers, in part, because management and decision
sciences tend to go underemphasized during university course-
work and early career development, despite being able to provide
conceptual and analytical tools to formally analyse decisions and
cope with biases (Barber & Taylor, 1990; Colvin & Peterson, 2016;

Johnson et al., 2015; Kahneman, 2011; Kelso & Murphy, 1988;
Montibeller & von Winterfeldt, 2015; Nielsen, 1984; Powell
et al., 2011). Therefore, it is useful to clarify how management
objectives differ from research or analytical objectives, since the
latter receives more attention during university training (Johnson
et al., 2015). Research or analytical objectives are “active state-
ment[s] about how the study [or analysis] is going to answer the
specific research question[s]” (Farrugia et al., 2010). Management
objectives, however, are “statements of the fundamental interests
that could be affected by a decision—the ‘things that matter’ to
people” or the things that have intrinsic social and cultural value
(Gregory et al., 2012). Management actions and monitoring ac-
tivities are often conflated with management objectives. For ex-
ample, statements such as “better understand habitat effects on
bobwhite quail reproduction” (research), “monitor water quality”
(monitoring), or “develop crappie length limit recommendations”
(management action) are not management objectives but describe
activities that serve as means of achieving various ends (i.e. man-
agement objectives).

Several techniques exist for developing management objectives,
from brainstorming and charette procedures to mind maps and influ-
ence diagrams (Anderson, 2002; Gregory et al., 2012; Kaner, 2014;
Schwartz et al., 2018). A review of techniques for developing man-
agement objectives is beyond the scope of this article. Here, we
focus on writing management objectives. Writing is a deceptively
simple tool that accompanies other techniques. Like most writing
exercises, writing to develop management objectives is an iterative
process in which “things that matter” are explicitly stated and re-
vised. Although iteration is key, guidance and templates can help
expedite the writing process, thereby saving natural resource and
environmental managers time and effort. However, the question
becomes: How does one know if one's management objectives are
written well?

Doran's (1981) SMART criteria are often cited as a benchmark
to write good management objectives. SMART is an acronym that
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stands for Specific, Measurable, Achievable, Relevant and Time-
bound (McMullin & Pert, 2010; Powell, 2020). Although not a new
conceptinthe naturalresources and environmental literature, little
guidance has been provided to natural resource and environmen-
tal managers beyond listing the criteria, but see Alexander (2008)
for a more detailed discussion. Thus, many natural resource and
environmental managers may be left wondering “what is actually
meant by each of the SMART criteria,” “are my management ob-
jectives SMART,” and “is it essential that all criteria are met?” The
purpose of this article is to improve the reader's ability to identify
and write SMART objectives for natural resources and environ-
mental management. To accomplish this, we define each SMART
criterion, identify which of the criteria are essential to meet, and
provide a template to streamline the process of writing SMART
management objectives. We demonstrate the application of the
template with a hypothetical example, relate two recent applica-
tions of our SMART management objectives template, and discuss
how SMART management objectives can integrate with two pop-

ular management frameworks.

2 | CRITERIA FOR SMART MANAGEMENT
OBJECTIVES

There are several definitions of SMART criteria that exist, with
Doran's (1981) definitions originally created for use in business
management. Other definitions have been adapted for specific
fields including public health and healthcare (Centers for Disease
Control and Prevention, 2018) and natural resources and environ-
mental management (Alexander, 2008; McMullin & Pert, 2010;
Powell, 2020; Rice et al., 2005). We summarize the definitions of the

SMART management objective criteria as follows.

e Specific. The management objective clearly identifies what is
being managed, whether biotic, abiotic, sociocultural, or human
resources. The direction of change towards the desired state of
what is being managed is clearly indicated (e.g. increase or de-
crease), and the management objective is mutually exclusive, en-
suring it does not overlap with other management objectives.

e Measurable. A quantifiable measure is associated with what is
being managed. Measures can be quantified directly through
sampling or monitoring (e.g. average fish weight, ungulate relative
abundance, or area of culturally significant habitat). Alternatively,
a management objective may be indirectly quantified using a
proxy (e.g. Secchi depth for water transparency) or constructed
measure (e.g. Likert scale for user satisfaction). Regardless of the
type of scale, what is being measured must be quantifiable to sat-
isfy the Measurable criteria.

e Achievable. The management objective considers the spatial and
temporal context of what is being managed and how it has been
monitored. The desired state of the system is within the realistic
potential of the system (for example, the thermal regime is fa-
vourable to a year-round trout fishery), and there are sufficient
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resources to implement management actions linked to the man-
agement objective and to monitor the quantitative measure(s) of
the management objective after implementation. Targets, if nec-
essary and justified, are crafted with the historical, ecological, and
sociocultural aspects of the resource in mind.

e Relevant. The desired state of what is being managed aligns with
the agency's strategic goals and legal obligations. The measure of
what is being managed is quantitatively mapped to the desires of
the stakeholders (i.e. the value model or the utility function). For
example, if managing average weight of fish, it is likely import-
ant to know the relative satisfaction of anglers for average fish
weights of, for example, 0.34, 0.91 and 1.36kg (0.75, 1.50 and
2.25 Ibs).

e Time-bound. The time scales for evaluating progress towards
achieving the management objective and the time limit to achieve
the management objective are defined. The time component may
also act as a trigger to re-evaluate the full set of management ob-
jectives within the management plan and the actions and strate-

gies designed to achieve them.

We note that sometimes Attainable is used in place of Achievable.
In such cases, we presume the definitions of Attainable to be the
same as what we have provided for Achievable. Likewise, Realistic
is sometimes used instead of Relevant. However, if Realistic is used,
there would be redundancy in meaning with Achievable or Attainable
and a neglecting of Relevance as we have defined it above. In any
case, the particular words used for A and R may not be that import-
ant, as we will explain further.

Not all criteria are as easily fulfilled as others, nor must all cri-
teria be met for management objectives to be useful (Doran, 1981).
Of the five criteria, the Specific, Measurable and Time-bound are
the more concrete and typically easily met when writing manage-
ment objectives (Gregory et al., 2012). The Achievable and Relevant
criteria are more abstract and require careful consideration of stra-
tegic plan goals, agency resources and constraints, the system's
management history and the desired state of the system, including
the perspectives of interested parties and decision makers. Even so,
grappling with these considerations for each management objective
within a management plan may outweigh simply considering them as
constraints or trade-offs in a more formal analytical framework, like
structured decision making (SDM). As such, we think that focusing
first on the Specific, Measurable, and Time-bound criteria will likely
result in useable, well-written management objectives, after which
the Achievable and Relevant criteria can be considered to the ex-
tent necessary and justifiable for writing the management objective.

Beyond writing management objectives, if one needs to

e determine the desirability of values for a management objective's
Measure (value model or utility function),

e prioritize the importance of management objectives based on val-
ues (objective weights) and/or

e evaluate trade-offs among management objectives given conse-

qguences of actions (trade-off analysis),
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as related to the Achievability and Relevance, we suggest using
formal methods and point the reader to introductory techniques
found in Gregory et al. (2012) and Hammond et al. (1999).

As an additional note, targets are often set to fulfil the Achievable
and Relevant criteria, but caution is needed. Targets can constrain
thinking, hard-wire trade-offs, and lead to mis-calibrated targets
due to equating the likelihood of achieving a target with the desir-
ability of the target (Gregory et al., 2012; Keeney, 1992a, 1992b).
For example, setting a high target for relative abundance of Bluegill
fish measured by boat electrofishing may conflict with the desired
population size structure, since higher population densities may slow
or stunt growth. If target values are necessary and justifiable (e.g.
legally mandated), they should clarify the desired state of what is
being managed using techniques alluded to above and not constrain
consideration of alternative management actions, deter comparisons
and contrasts of actions, or be the ultimate determination of success.

We need to be clear, despite the risk of being redundant, that
meeting the Specific, Measurable and Time-bound criteria are the
most important and Achievable and Relevant are not required to

have SMART management objectives.

3 | THE SMART MANAGEMENT
OBJECTIVE TEMPLATE

We developed a template to help natural resource and environmen-
tal managers streamline the process of writing and revising SMART
management objectives for their management plans. The template
was designed to first fulfil the Specific, Measurable and Time-
bound criteria (Conroy & Peterson, 2013; Doran, 1981; Gregory
et al., 2012). Even so, the Time-bound criterion may not always need
to be included in the management objectives if it is already defined
in the management plan and applies equally to all. The SMART man-
agement objectives template is a fill-in-the-blank or Mad Libs™ style
tool that includes five components:

2nd or 1st Step 2ndor 3rd  5th Step 4th Step
3rdStep Step (if needed) (as needed)
Desired What Quantitative Target with  Timeframe
direction is being measure reference with
managed reference

where each component is formulated in the order of steps indicated
in the top row but written following structure in the bottom row

and where:

e “Whatis being managed” depends on the system and the manage-
ment problem (or opportunity). What is being managed is often
an interacting system of biological, social, cultural, and abiotic
features. For example, a wildlife management area in a temper-
ate North American forest might include white-tailed deer abun-
dance, hunter participation, non-hunting resource user safety,
and water quality as features being managed. This should be for-
mulated first. (Satisfies the remainder of the Specific criterion).

e “Desired direction” indicates if the management objective's mea-
sure should change. The desired direction is a transitive verb like
maximize, increase, decrease, or minimize. This should be formu-
lated in the second or third step, whichever is easier. (Partially
satisfies the Specific criterion).

e “Quantitative measure” refers to the quantity of interest associated
with what is being managed, serving to clarify the feature under man-
agement. Some examples include the average weight of harvested an-
imals, catch per unit effort, or a five-point scale of boater satisfaction.
Units of measure should be made explicit for quantitative measures,
such as fish/angler/hour for anglers' catch rate. Qualitative measures,
such as angler satisfaction, may be unitless values quantified from a
point or a Likert scale. This should be formulated as the second or
third, whichever is easier. (Satisfies the Measurable criterion).

e “Timeframe with reference” defines when progress towards the
management objective will be assessed or when the management
objective must be achieved. This should be formulated fourth. It
may be excluded if it has already been specified elsewhere in the
management plan and applies equally to all management objec-
tives. (Satisfies the Time-bound criterion).

e “Target with reference” indicates the quantitative change of a
measure towards a desired value, referring to the current state
and the target value. It is imperative that this component be con-
sidered meticulously and should only be included if necessary and
justifiable. This should be formulated last. (Contributes to the sat-

isfaction of the Relevant and Achievable criteria).

To demonstrate how the template works, we provide a contrived
example that uses iterative revisions to build a management objec-
tive in a hypothetical management plan for “Lake XYZ."” More than
one step can be completed per iteration, and in our experience the
first iteration typically includes at least two steps, “what is being
managed” and either the “desired direction” or “quantitative mea-
sure”. In our example, we start with what is being managed and its
quantitative measure fulfilling the Specific and Measurable criteria.
We then take steps in the following iterations to meet Time-bound,
Relevant, and Achievable criteria. We assume in our example that the
Time-bound criterion was not included elsewhere in the manage-
ment plan. In each iteration below, we used the SMART criteria defi-

nitions and template to form and draft the management objective.

3.1 | Iteration1

Anglers' catch rate of black basses (Fish/angler/hour)

(Micropterus spp.)
What is being managed Quantitative measure
Management objective: Anglers' catch rate (fish/angler/hour) of
black basses (Micropterus spp.) in Lake XYZ.
Iteration 1 identifies what is being managed and a quantitative
measure making it Measurable but not fully Specific because the de-
sired direction for anglers' catch rate (fish/angler/hour) is missing.
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3.2 | Iteration2

Increase Anglers' catch rate (Fish/angler/hour)

of black basses

(Micropterus spp.)
Desired What is being managed Quantitative measure
direction

Management objective: Increase anglers' catch rate (fish/angler/
hour) of black basses (Micropterus spp.) at lake XYZ.

Iteration 2 is now Specific and Measurable but is not Time-
bound. A consequence of an unstated timeframe is that man-
agement actions can be implemented to achieve a management
objective for longer than is necessary, and management becomes
cost inefficient. While the management objective may be achieved
in a relatively short time (1-5years), specifying a time boundary
to achieve the management objective forces a timely evaluation of
management actions and may trigger a need to reevaluate the man-
agement objectives set. Iteration 3 adds the Time-bound criterion

to Iteration 2.

3.3 | Iteration3

Increase Anglers' catch rate (Fish/angler/  Within 3years
of black basses hour) (2023-2026)
(Micropterus spp.)

Desired What is being Quantitative  Timeframe with

direction managed measure reference

Management objective: Increase anglers' catch rate (fish/angler/
hour) of black basses (Micropterus spp.) at Lake XYZ within 3years
(2023-2026).

E 50f9

Iteration 3 now sets a timeframe to achieve an increase in the an-
glers' catch rate (fish/angler/hour) of black bass. As is, this manage-
ment objective is a suitable SMART management objective. Managers
may, however, know and want to express how much of an increase
in anglers' catch rate (fish/angler/hour) of black basses within 3years
would achieve the management objective. Adding a target value for
the quantitative measure, based on a good understanding of what
catch rate is satisfactory to anglers, can help when evaluating whether
the management objective has been achieved. Iteration 4 adds a tar-
get to Iteration 3.

3.4 | Iteration4

Increase Anglers' (Fish/angler/ By 10% or Within
catch rate of hour) more 3years
black basses (from 0.49 to (2023-2026)
(Micropterus >0.54)
spp.)

Desired What is being  Quantitative Target with ~ Timeframe

direction managed measure reference with

reference

Management objective: Increase anglers' catch rate (fish/angler/
hour) of black basses (Micropterus spp.) in Lake XYZ by 10% or more
(from 0.49 to at least 0.54) within 3years (2023-2026).

Iteration 4 helps managers and administrators track progress to-
wards achievement over time (Figure 2). One shortcoming of a target
is that it simplifies the desirability (value or utility) of a measure to
a threshold, which may not accurately reflect values. Even a simple
linear relationship is not captured by a target, let alone nonlinear re-

lationships. Therefore, caution is needed when applying targets and

Black bass anglers’ catch rate
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FIGURE 2 lllustration of monitoring a measure to evaluate if a target has been achieved.
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we favour the use of more suitable methods, such as direct rating or
bisection methods, as they help managers construct a preference
across the range of a management objective's quantitative mea-
sure (Conroy & Peterson, 2013; Goodwin & Wright, 2004; Gregory
et al., 2012; Hammond et al., 1999; Runge et al., 2013; Schwartz
etal., 2018).

Writing and revising, that is, iteration, is the primary way to suc-
cessfully use the SMART management objectives template. Working
through the template in the suggested order and using caution and
sound judgement when including a target are also key. In addition
to the template above, we have included a digital version in the
Supporting Information S1.

4 | EXPERIENCES USING THE SMART
MANAGEMENT OBJECTIVE TEMPLATE

In the following, we share two applications using the SMART man-
agement objective template. We provide overviews of the benefits
encountered when constructing or revising management plans and
improvements in communication provided by using the SMART

management objective template.

4.1 | Application 1: Streamlining construction and
revision of lake management plans

In 2015, the Fisheries Bureau of the Mississippi Department of
Wildlife, Fisheries, and Parks and its collaborators (including the
authors) began to formulate ways to increase efficiency in the con-
struction or revision of fisheries management plans for public water
bodies in the state. One way the team decided to increase efficiency
was to standardize the language for fisheries management objec-
tives. The “buffet” of standardized fisheries management objectives
would be used by the Fisheries Bureau in a computer application
that links the management objectives to quantitative measures (i.e.
monitoring data) and management actions (i.e. predictive modelling).

The team began standardizing the management objectives by re-
viewing and documenting statements in past fisheries management
plans. The Fisheries Bureau's collaborators then used the SMART
management objective template to group and revise 325 objectives
from 64 fisheries management plans into 76 SMART management
objectives. For example, “monitor crappie angler catch rate to eval-
uate trends as the reservoir ages and to evaluate the effects of
management inputs” became “maximize crappie anglers' catch rate
(fish/angler/hour),” shifting an active statement related to answering
a research question to a statement about one of the fundamental
interests of the system. Under the revised SMART management ob-
jective, the desired direction (maximize) of the quantitative measure
(fish/angler/hour) for what is being managed (crappie anglers' catch
rate) is clear. Additionally, the original desire to analyse the effects
of system variables (i.e. reservoir age) and management actions (e.g.
implement or modify length regulations) can still be accomplished

through monitoring the quantitative measure. However, the focus
now shifts to comparing the performance of alternative manage-
ment actions, given system variation, in order to select the action(s)
that best achieve(s) the management objective(s). Finally, using the
SMART management objectives template in this project allowed us
to easily identify and separate the fundamental management objec-
tives from means management objectives (those that serve as means
to achieve fundamental management objectives), monitoring activi-

ties, research inputs and management actions.

4.2 | Application 2: Adopting a common
group lexicon

Carp species invasive to the Mississippi River Basin, specifi-
cally Silver Carp (Hypophthalmichthys molitrix), Bighead Carp (H.
nobilis), Grass Carp (Ctenopharyngodon idella) and Black Carp
(Mylopharyngodon piceus), have proliferated due to aquaculture es-
capes and intentional releases. Evidence indicates that these spe-
cies adversely affect ecosystems by causing habitat disturbances
and reducing native species biomass, impacting recreational and
commercial fisheries (Chick et al., 2020; Kramer et al., 2019). To
manage these threats, natural resource agencies apply removal
and deterrence management strategies, that is, combinations of
management actions, to control populations and prevent their
spread to uncolonised water bodies. Decision-analytic methods
offer an approach to navigate the complexities of deciding which,
where and when management strategies should be implemented.
However, decisions are complex, as they commonly involve mul-
tiple decision makers from different agencies and interested par-
ties with multiple potentially competing management objectives.
Minimizing linguistic uncertainty in stated management objectives
can help reduce confusion and help participants organize their
management objectives clearly.

We, the authors, were part of a facilitation team that guided de-
cision makers and interested parties through a decision analysis to
evaluate alternative sites for deterrents in combination with removal
actions in a Mississippi River sub-basin located in the Southeast
United States. During the process, we conducted brainstorming
sessions on desired outcomes, concerns and questions related to
the system and the impacts of invasive carps. To reduce potential
confusion and linguistic uncertainty, we used the SMART manage-
ment objectives template to clarify and transform the group's ques-
tions, concerns and desired state of the system into management
objectives. For example, concerns that “deterrents and removals
might impact native fish species” was reformulated into multiple
related management objectives which include “maximize native fish
passage,” “minimize lethal effects of deterrents on native fish” and
“minimize impacts of invasive carp removal methods on non-target
native fishes” (similar to the process in the section on Streamlining
construction and revision of lake management plans). At present, we
are working iteratively with the group to continue identifying what
is being managed and the desired direction of what is being managed
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from questions, concerns and desired system states. Future itera-
tions will identify quantitative measures and fulfil other SMART cri-
teria as necessary.

Adopting the SMART management objectives template has en-
abled the group to converse clearly and concisely about what they
are trying to achieve, or avoid, in the context of invasive carp man-
agement. It also helped the group distinguish between information
needs (monitoring and research) and management actions. According
to the group members, this has helped save time and reduce frustra-
tion compared to their previous planning experiences. Furthermore,
stating management objectives using the SMART management
objectives template helped the group structure the relationships
between different types of management objectives (means vs. fun-
damental) since some serve as a means to others (for example, the
three management objectives above are means to “minimize impacts

to native fish species”).

5 | USING THE SMART MANAGEMENT
OBJECTIVES TEMPLATE IN MBO AND SDM

Writing SMART natural resources and environmental management
objectives can contribute to sound management. However, only a
tried-and-true management (i.e. decision-making) framework can
ensure a process for making good choices (Schwartz et al., 2018).
Having SMART management objectives as described and illus-
trated above helps to efficiently communicate resource issues, to
express the desired state of the managed system, and to frame
management objectives so that quantitative results can be evalu-
ated (Doran, 1981; Ogbeiwi, 2017). These characteristics fit well
within two common management frameworks in natural resources
and environmental management: Management by Objectives (MBO;
Anderson, 2002; Drucker, 1954; Follet, 1926) and SDM (Conroy
& Peterson, 2013; Gregory et al., 2012; Hammond et al., 1999). In
MBO, the management objectives are developed, prioritized and
sequentially achieved through dedicated actions. In SDM, manage-
ment objectives are organized hierarchically, with multiple “means”
objectives helping to achieve one or more “fundamental” objectives
(Conroy & Peterson, 2013; Gregory et al., 2012; Runge et al., 2013).
Management objectives can be considered and achieved simulta-
neously in SDM, with actions or strategies developed intention-
ally to achieve all management objectives and trade-offs analysed
explicitly.

For MBO and SDM, or any other management approach,
it is essential that management objectives are Specific and
Measurable. As Wheelan (2013) states, “You can't manage what
you can't measure.’ True. But you had better be darn sure that what
you are measuring is really what you are trying to manage.” Drawing
on this insight, it is further recommended that management ob-
jectives are also Relevant and Time-bound. These two criteria
can sometimes be ‘built in’ as features of the management plan.
For instance, objective hierarchies are commonly used in SDM to
arrange means management objectives so that their Relevancy is
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apparent by the fundamental management objectives under which
they are nested. Similarly, prioritizing management objectives in
MBO underscores that the Relevancy of management objectives
can be clarified by deliberating and justifying why a management
objective was given its particular ranking. The Time-bound crite-
rion establishes times for evaluation and limits for achievement
of management objectives in both SDM and MBO, and for MBO
it ensures that low-priority management objectives are not over-
shadowed or forgotten. The final, yet equally significant aspect,
is checking that management objectives are Achievable. Within
SDM, constraints and uncertainty related to Achievability (e.g.
budget fluctuations and mandates) are evaluated during trade-offs
analysis, whereas in MBO, such considerations are addressed in a
less formalized manner.

We are more familiar with and favour SDM as a management
framework and provide additional advice about using the SMART
management objectives template within SDM. First, the SMART
management objectives template should be used in concert with
objectives elicitation, classification and structuring methods
(Runge et al., 2013). This recommendation stems from the rec-
ognition that using the SMART management objectives template
alone may pose challenges in identifying all pertinent management
objectives, understanding their tractability within the scope of
the management decision, and discerning whether they serve as
means of more fundamental management objectives. In the digital
SMART management objectives template (Supporting Information
S1), we include columns to help structure, labelled “Feeds X ob-
jective(s)” and “Fed by X objective(s),” but advocate the use of
techniques such as objective hierarchies or influence diagrams to
clarify the relationships between management objectives. Second,
SMART management objectives do not inherently constitute a
formal approach to learning-by-doing (i.e. adaptive management).
Indeed, exemplifications of adaptive management, as delineated
by Williams (2011), are seldom encountered. However, the SMART
management objectives template can help set up formal learning
by specifying which monitoring measurements inform manage-
ment objectives (Figure 2; Williams & Brown, 2012). Then, as
management actions are implemented, one can leverage formal
learning methods (e.g. Bayesian updating) to gain a better under-
standing of how management actions influence the system and
ascertain which management actions or strategies are most likely
to achieve management objectives (Conroy & Peterson, 2013;
Williams, 2011).

6 | CONCLUSIONS

Creating good management objectives can be challenging, but
SMART management objectives help to communicate manage-
ment issues more clearly, express what is desired by the agency
and the public more explicitly, and enable a quantitative evalu-
ation of progress towards achieving management objectives
(Alexander, 2008). Providing definitions for the SMART criteriais a

85UB017 SUOLULLIOD SAIERID 3ol dde 3y} Aq pauRA0B 818 S3[ e YO ‘SN J0 S3INI 104 AR1q1T 3UIIUO AB|IA UO (SUOHIPUOD-PUR-SWR}WOD A8 | 1M ARR1q 1 U1 |UO//SHRY) SUORIPUOD PUe SWid | 8U} 835 *[7202/40/TT] U0 A%eiqi8ulluo A8|IM ‘ETEZT 6TES-8892/200T OT/I0p/WO00" A3 1M Alelq 1 pulUOS feuIn0 s/ :sdny woy papeo|umod ‘T ‘¥20Z ‘6188892



ALDRIDGE and COLVIN

8of 9 E

great step forward from just listing the criteria (Alexander, 2008),
but we go even further to provide managers with a template to
help streamline the process for writing SMART management ob-
jectives. Perhaps, as a higher frequency of SMART management
objectives are stated in management plans, they will serve as a
means in helping close the research-implementation gap (Knight
et al., 2008). Similarly, as professionals adopt SMART manage-
ment objectives and other tools from management and decision
sciences, universities will respond by equipping students with the
necessary skills to be successful, thus helping close an “education-
conservation” gap. Fundamentally, however, our aim herein is to
help managers improve the effectiveness of their natural resource

management.

AUTHOR CONTRIBUTIONS

Caleb A. Aldridge and Michael E. Colvin conceived the ideas and
designed the template; Caleb A. Aldridge led the writing of the
manuscript. All authors critically contributed to the drafts and gave
their final approval for publication. Our team, although from a sin-
gle country, actively incorporated insights from local scientists and
managers and sought diverse perspectives on our research ques-
tions and methodologies. We prioritized the inclusion and citation
of literature from various regions to ensure a comprehensive and
representative approach.

ACKNOWLEDGEMENTS

Part of this research was conducted while both authors were af-
filiated with Mississippi State University, Department of Wildlife,
Fisheries and Aquaculture. This research was supported by the
Mississippi Department of Wildlife, Fisheries, and Parks; Mississippi
State University; the U.S. Fish and Wildlife Service; and the U.S.
Geological Survey. This publicationis a contribution of the Forest and
Wildlife Research Center. The authors thank their colleagues Neal
Jackson (USFWS) and Logan Sleezer (USGS) for their recommenda-
tions that helped improve the readability of this manuscript. The
findings and conclusions in this article are those of the author(s) and
do not necessarily represent the views of the U.S. Fish and Wildlife
Service. This article has been peer reviewed and approved for pub-
lication consistent with USGS Fundamental Science Practices. Any
use of trade, firm or product names is for descriptive purposes only
and does not imply endorsement by the U.S. Government.

CONFLICT OF INTEREST STATEMENT

The authors have no conflict of interest to declare.

PEER REVIEW

The peer review history for this article is available at https://www.
webofscience.com/api/gateway/wos/peer-review/10.1002/2688-
8319.12313.

DATA AVAILABILITY STATEMENT
Empirical data were not used for this research.

ORCID

Caleb A. Aldridge "= https://orcid.org/0000-0002-7655-9535

REFERENCES

Aldridge, C. A., Miranda, L. E., & Colvin, M. E. (2021). Themes of con-
temporary inland fisheries goals. Fisheries, 46(1), 34-39. https://doi.
org/10.1002/fsh.10507

Alexander, M. (2008). Management planning for nature conservation: A
theoretical basis & practical guide. Springer.

Anderson, S. H. (2002). Managing our wildlife resources. Prentice-Hall.
https://books.google.com/books?id=4ZdFAQAAIAAJ

Barber, W. E., & Taylor, J. N. (1990). The importance of goals, objectives,
and values in the fisheries management process and organization:
A review. North American Journal of Fisheries Management, 10(4),
365-373.

Berkes, F., Colding, J., & Folke, C. (Eds.). (2002). Navigating social-ecological
systems: Building resilience for complexity and change. Cambridge
University Press. https://doi.org/10.1017/CB0O9780511541957

Berkes, F., Folke, C., & Colding, J. (2000). Linking social and ecological sys-
tems: Management practices and social mechanisms for building resil-
ience. Cambridge University Press.

Bond, S. D., Carlson, K. A., & Keeney, R. L. (2008). Generating objec-
tives: Can decision makers articulate what they want? Management
Science, 54(1), 56-70.

Bryson, J. M. (2018). Strategic planning for public and nonprofit organiza-
tions: A guide to strengthening and sustaining organizational achieve-
ment. John Wiley & Sons.

Centers for Disease Control and Prevention. (2018). Writing SMART ob-
jectives. Evaluation Briefs, 3b, 1-2.

Chick, J. H., Gibson-Reinemer, D. K., Soeken-Gittinger, L., & Casper, A.
F. (2020). Invasive silver carp is empirically linked to declines of
native sport fish in the Upper Mississippi River System. Biological
Invasions, 22, 723-734.

Colvin, M. E., & Peterson, J. T. (2016). Preparing future fisheries profes-
sionals to make good decisions. Fisheries, 41(8), 473-474.

Conroy, M., & Peterson, J. (2013). Decision making in natural resource man-
agement: A structured, adaptive approach. Wiley-Blackwell https://
books.google.com/books?id=KUsx-PhOOtoC

Doran, G. T. (1981). There's a SMART way to write management's goals
and objectives. Management Review, 70(11), 35-36.

Drucker, P. (1954). The practice of management. Harper & Row.

Farrugia, P., Petrisor, B. A., Farrokhyar, F., & Bhandari, M. (2010). Research
questions, hypotheses and objectives. Canadian Journal of Surgery,
53(4), 278-281.

Follet, M. P. (1926). The giving of orders. In H. C. Metcalf & L. Urwick
(Eds.), Dynamic administration: The collected papers of Mary Parker
Follett. Harper & Brothers.

Geer v. Connecticut. (1896). 161 U.S. 519 (Supreme Court of the United
States).

Goodwin, P., & Wright, G. (2004). Decision analysis for management judg-
ment (third). John Wiley & Sons.

Gregory, R., Failing, L., Harstone, M., Long, G., McDaniels, T., & Ohlson,
D. (2012). Structured decision making: A practical guide to environ-
mental management choices. John Wiley & Sons.

Hammond, J. S., Keeney, R. L., & Raiffa, H. (1999). Smart choices: A practi-
cal guide to making better life decisions. Broadway Books.

Illinois Central Railroad Company v. lllinois. (1892). 146 U.S. 387
(Supreme Court of the United Sates).

Johnson, F. A., Eaton, M. J,, Williams, J. H., Jensen, G. H., & Madsen,
J. (2015). Training conservation practitioners to be better decision
makers. Sustainability, 7(7), 8354-8373. https://doi.org/10.3390/
su7078354

Kahneman, D. (2011). Thinking, fast and slow. MacMillan.

85UB017 SUOLULLIOD SAIERID 3ol dde 3y} Aq pauRA0B 818 S3[ e YO ‘SN J0 S3INI 104 AR1q1T 3UIIUO AB|IA UO (SUOHIPUOD-PUR-SWR}WOD A8 | 1M ARR1q 1 U1 |UO//SHRY) SUORIPUOD PUe SWid | 8U} 835 *[7202/40/TT] U0 A%eiqi8ulluo A8|IM ‘ETEZT 6TES-8892/200T OT/I0p/WO00" A3 1M Alelq 1 pulUOS feuIn0 s/ :sdny woy papeo|umod ‘T ‘¥20Z ‘6188892


https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/2688-8319.12313
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/2688-8319.12313
https://www.webofscience.com/api/gateway/wos/peer-review/10.1002/2688-8319.12313
https://orcid.org/0000-0002-7655-9535
https://orcid.org/0000-0002-7655-9535
https://doi.org/10.1002/fsh.10507
https://doi.org/10.1002/fsh.10507
https://books.google.com/books?id=4ZdFAQAAIAAJ
https://doi.org/10.1017/CBO9780511541957
https://books.google.com/books?id=KUsx-PhOOtoC
https://books.google.com/books?id=KUsx-PhOOtoC
https://doi.org/10.3390/su7078354
https://doi.org/10.3390/su7078354

ALDRIDGE and COLVIN

Kaner, S. (2014). Facilitator's guide to participatory decision-making (2nd
ed.). John Wiley & Sons.

Keeney, R. L. (1992a). Measuring the achievement of objectives. In Value-
focused thinking (pp. 99-128). Harvard University Press; JSTOR.
https://doi.org/10.2307/j.ctv322v4g7.7

Keeney, R. L. (1992b). Quantifying objectives with a value model. In
Value-focused thinking (pp. 129-154). Harvard University Press;
JSTOR. https://doi.org/10.2307/j.ctv322v4g7.8

Kelso, W. E., & Murphy, B. R. (1988). University fisheries programs in the
United States: Structure and needs. Fisheries, 13(2), 9-15. https://
doi.org/10.1577/1548-8446(1988)013<0009:ufpitu>2.0.co;2

Knight, A. T., Cowling, R. M., Rouget, M., Balmford, A., Lombard, A. T,
& Campbell, B. M. (2008). Knowing but not doing: Selecting pri-
ority conservation areas and the research-implementation gap.
Conservation Biology, 22(3), 610-617. https://doi.org/10.1111/j.
1523-1739.2008.00914.x

Kramer, N. W., Phelps, Q. E., Pierce, C. L., & Colvin, M. E. (2019). A food
web modeling assessment of Asian Carp impacts in the Middle and
Upper Mississippi River, USA. Food Webs, 21, e00120.

McMullin, S. L., & Pert, E. (2010). The process of fisheries management.
In W. A. Hubert & M. C. Quist (Eds.), Inland fisheries management in
North America (pp. 133-155). American Fisheries Society.

Meadows, D. H. (2008). Thinking in systems: A primer. Chelsea Green
Publishing.

Montibeller, G., & von Winterfeldt, D. (2015). Cognitive and motivational
biases in decision and risk analysis. Risk Analysis, 35(7), 1230-1251.
https://doi.org/10.1111/risa. 12360

Nielsen, L. A. (1984). Undergraduate curricula of inland fisheries schools.
Fisheries, 9(2), 5-7. https://doi.org/10.1577/1548-8446(1984)
009<0005:UCOIFS>2.0.CO;2

Ogbeiwi, O. (2017). Why written objectives need to be really SMART.
British Journal of Healthcare Management, 23(7), 324-336.

Organ, J. F, Geist, V., Mahoney, S. P., Williams, S., Krausman, P. R,
Batcheller, G. R., Decker, T. A., Carmichael, R., Nanjappa, P., Regan,
R., Medellin, R. A., Cantu, R., Mccabe, R. E., Craven, S., Vecellio,
G. M., & Decker, D. J. (2012). The North American model of wildlife
conservation. (T. A. Bookhout & T. Rentz (Eds.)) The Wildlife Society
Technical Review 12-04.

Ostrom, E. (2007). A diagnostic approach for going beyond panaceas.
Proceedings of the National Academy of Sciences of the United States
of America, 104(39), 15181-15187. https://doi.org/10.1073/pnas.
0702288104

Ostrom, E. (2009). A general framework for analyzing sustainability of
social-ecological systems. Science, 325(5939), 419-422. https://
doi.org/10.1126/science.1172133

Powell, L. (2020). Principles for management of fisheries and wildlife: The
manager as decision-maker (1st ed.). Cognella.

E 9 of 9

Powell, L. A., Tyre, A. J., Conroy, M. J., Peterson, J. T., & Williams, B. K.
(2011). Turning students into problem solvers: Integrating adaptive
management into wildlife curricula. The Wildlife Professional, 5, 74-76.

Rice, J., Trujillo, V., Jennings, S., Hylland, K., Hagstrom, O., Astudillo, A., &
Ngrrevang Jensen, J. (2005). Guidance on the application of the eco-
system approach to management of human activities in the European
Marine Environment (No. 273; ICES Cooperative Research Report).
International Council for the Exploration of the Sea https://ices-
library.figshare.com/articles/_/18624236

Runge, M. C., Grand, J. B., & Mitchell, M. S. (2013). Structured decision
making. In P. R. Krausman & J. W. Cain (Eds.), Wildlife management
and conservation: Contemporary principles and practices (pp. 51-72).
The John Hopkins University Press. https://doi.org/10.1002/
9781444398557

Schwartz, M. W,, Cook, C. N,, Pressey, R. L., Pullin, A. S., Runge, M. C.,
Salafsky, N., Sutherland, W. J., & Williamson, M. A. (2018). Decision
support frameworks and tools for conservation. Conservation
Letters, 11(2), 1-12. https://doi.org/10.1111/conl.12385

Wheelan, C. (2013). Naked statistics: Stripping the dread from the data.
WW Norton & Company.

Williams, B. K. (2011). Adaptive management of natural resources—
Framework and issues. Journal of Environmental Management, 92,
1346-1353. https://doi.org/10.1016/j.jenvman.2010.10.041

Williams, B. K., & Brown, E. D. (2012). Adaptive management: The U.S.
Department of the Interior Applications Guide. Adaptive Management
Working Group, U.S. Department of the Interior.

SUPPORTING INFORMATION

Additional supporting information can be found online in the
Supporting Information section at the end of this article.
Supporting Information S1. A digital spreadsheet version of the

SMART management objectives template.

How to cite this article: Aldridge, C. A., & Colvin, M. E. (2024).
Writing SMART objectives for natural resource and
environmental management. Ecological Solutions and Evidence,
5,e123183. https://doi.org/10.1002/2688-8319.12313

85UB017 SUOLULLIOD SAIERID 3ol dde 3y} Aq pauRA0B 818 S3[ e YO ‘SN J0 S3INI 104 AR1q1T 3UIIUO AB|IA UO (SUOHIPUOD-PUR-SWR}WOD A8 | 1M ARR1q 1 U1 |UO//SHRY) SUORIPUOD PUe SWid | 8U} 835 *[7202/40/TT] U0 A%eiqi8ulluo A8|IM ‘ETEZT 6TES-8892/200T OT/I0p/WO00" A3 1M Alelq 1 pulUOS feuIn0 s/ :sdny woy papeo|umod ‘T ‘¥20Z ‘6188892


https://doi.org/10.2307/j.ctv322v4g7.7
https://doi.org/10.2307/j.ctv322v4g7.8
https://doi.org/10.1577/1548-8446(1988)013%3C0009:ufpitu%3E2.0.co;2
https://doi.org/10.1577/1548-8446(1988)013%3C0009:ufpitu%3E2.0.co;2
https://doi.org/10.1111/j.1523-1739.2008.00914.x
https://doi.org/10.1111/j.1523-1739.2008.00914.x
https://doi.org/10.1111/risa.12360
https://doi.org/10.1577/1548-8446(1984)009%3C0005:UCOIFS%3E2.0.CO;2
https://doi.org/10.1577/1548-8446(1984)009%3C0005:UCOIFS%3E2.0.CO;2
https://doi.org/10.1073/pnas.0702288104
https://doi.org/10.1073/pnas.0702288104
https://doi.org/10.1126/science.1172133
https://doi.org/10.1126/science.1172133
https://ices-library.figshare.com/articles/_/18624236
https://ices-library.figshare.com/articles/_/18624236
https://doi.org/10.1002/9781444398557
https://doi.org/10.1002/9781444398557
https://doi.org/10.1111/conl.12385
https://doi.org/10.1016/j.jenvman.2010.10.041
https://doi.org/10.1002/2688-8319.12313

	Writing SMART objectives for natural resource and environmental management
	Abstract
	1|INTRODUCTION
	2|CRITERIA FOR SMART MANAGEMENT OBJECTIVES
	3|THE SMART MANAGEMENT OBJECTIVE TEMPLATE
	3.1|Iteration 1
	3.2|Iteration 2
	3.3|Iteration 3
	3.4|Iteration 4

	4|EXPERIENCES USING THE SMART MANAGEMENT OBJECTIVE TEMPLATE
	4.1|Application 1: Streamlining construction and revision of lake management plans
	4.2|Application 2: Adopting a common group lexicon

	5|USING THE SMART MANAGEMENT OBJECTIVES TEMPLATE IN MBO AND SDM
	6|CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	PEER REVIEW
	DATA AVAILABILITY STATEMENT

	REFERENCES


