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Suggestions for Prioritizing Vital Signs

Some Key Points:

· The list of critical data needs for most parks will far exceed the funding and staffing needed to meet them.  We cannot possibly identify and measure the status and trends in the composition, structure, and function of all of the important natural resources of each park.  We need to make some tough decisions up front, based on our current understanding of how these natural systems work, about what the most critical information needs are to help us manage the parks.  We need to select a subset of ecological indicators or “vital signs” that characterize the state of unmeasured structural and compositional resources and system processes.  We use conceptual models to help us organize and communicate our current understanding of the systems and to justify why we select certain indicators to monitor.

· It is relatively easy to generate a list of potential monitoring projects or indicators, but it is extremely difficult to prioritize the list and select a small set of indicators that help us track the condition of park resources.

· There is no tried and true method for prioritizing among the long list of potential indicators.  Many different approaches have been used by various monitoring programs, and there are numerous sets of criteria for the ‘ideal indicator’.

· It would take a HUGE amount of work to list all of potential vital signs that each park might monitor, and to develop justification statements and examples of specific measures for each of them.  It makes sense to first narrow the list of critical data needs or monitoring questions to focus on by having an initial round of prioritization, before getting into more detail.

· The ‘short list’ of vital signs to be monitored will involve a group decision since we are taking an integrative, interdisciplinary approach that involves many different parks and individuals.  There is no ‘correct’ answer, and many different decisions need to be made based on existing understanding and some set of rules.  Consequently, some sort of structured group decision-making process should be used to take all of the information and ideas available, and then produce judgments, manage conflict, and enable consensus.  Several approaches are summarized below.
Group Decision-Making Processes used to Prioritize Vital Signs
Example of Two-Round Approach to Priortize Vital Signs
Example of One-Round Approach to Priortize Vital Signs
Group Decision-Making Processes used to Prioritize Vital Signs:
BOGSAT (Bunch of guys/gals sitting around a table).  Not Recommended.  Term coined by Schmoldt and Peterson (2000); often used in workshop ‘scoping meeting’ settings.  The most common and often least effective approach to group decision-making.  Group deficiencies related to the BOGSAT or workshop setting have received the unenviable names of “social-loafing” and “group-think”, and are often the result of member shyness or alternatively individual dominance, lack of communication skills, social pressure to conform and personality conflicts or uncooperative individuals.  The consequences are often “an abundance of unfocussed and rambling discussion, which mixes judgmental and intellective issues, … and a cost in inefficiencies of time and effort and the loss of ideas introduced in the wrong context” (Schmoldt and Peterson, 2000, p. 64).  [quoted from Oliver (2002), Ecological Indicators 27:1-15.]

Delphi.  Recommended for brainstorming, but not for selection/prioritization of indicators.  From Oliver (2002): “Delphi may be characterized as a method for structuring a group communication process, so that the process is effective in allowing a group of individuals, as a whole, to deal with complex problems” (Linstone and Turoff, 1975, p. 3).  It is based on the premises that: (1) opinions of experts are justified as inputs to decision-making where absolute answers are unknown; and (2) a consensus of experts will provide a more accurate response to a question than a single expert (Crance, 1987).  The objective of the Delphi approach is to generate many ideas, initially, in the absence of evaluation.  It usually involves questionnaires to which each expert responds anonymously.  These are returned to participants for revision accompanied by feedback which summarizes all responses.  This iterative process may continue until convergence of opinion is reached. The distinction between Delphi and other GDM processes is that the communication process operates among panel members dispersed in space and time.  Also, the Delphi approach is commonly applied to large groups (30–100 individuals) that do not function well in a face-to-face environment (Turoff and Hiltz, in press).  Delphi, together with modern information transfer systems provides an ideal vehicle for rapidly and efficiently drawing together expert knowledge and opinion on complex issues faced by natural resource managers (Schuster et al., 1985; Crance, 1987; McIntyre et al., 2000).
Analytic Hierarchy Process.  Recommended, as long as some ‘tweaking’ is allowed with the final ‘short list’.  

The analytic hierarchy process (AHP) is a decision-making framework that uses a hierarchical structure to describe a problem and paired comparisons to rank decision alternatives with respect to importance (or preference or likelihood). This technique has been applied to a wide variety of decision problems (Saaty 1990, Zahedi 1986). Schmoldt et al. (1994) describe its use for inventory and monitoring program planning and give an example (Peterson et al. 1994).  Workshop facilitators and specialized software is available (e.g., http://www.expertchoice.com).  See papers by Schmoldt et al. at  http://www.srs4702.forprod.vt.edu/cgi-bin/pre_pdf.stm?../pubsubj/pdf/00t1.pdf, 

http://www.srs.fs.fed.us/pubs/ja/ja_schmoldt028.pdf).

Hybrid (simplified version of AHP).  Recommended.  Network uses some combination of BOGSAT, questionnaires, DELPHI, and scoping workshops to brainstorm and produce a list of monitoring questions and potential indicators.  A smaller group of individuals (e.g., technical committee and Board of Directors) then establishes a set of criteria and subcriteria (with numerical weights) for ranking the monitoring questions or indicators, and uses MS Access or Excel in a group setting to prioritize the potential indicators.  The ‘short list’ might then be adjusted based on expert opinion and ‘common sense’ judgment calls to produce the final set of recommended indicators.

Approach Initially Recommended to the Cumberland Piedmont Network for Prioritizing Monitoring Attributes/Indicators
Note:  This is one possible approach to prioritizing the long list of potential attributes to monitor.  Round 1 could include a series of monitoring questions as a means of determining critical data needs, or it could include a list of attribute categories (as used in the database example being developed for the CUPN) to help narrow down the list and begin focusing more attention on the highest-priority data needs.  Different networks may decide on a different set of criteria, a different set of instructions/examples of how to score each attribute against these criteria, and a different list of attributes or monitoring questions to prioritize.  The database, criteria and examples here are offered as one approach.
Round 1: 
Prioritize among a set of broad attribute categories using criteria of management 


significance, ecological significance, and legal/policy mandate.

Round 2: 
Take Round 1 results and use those 3 criteria plus some additional “indicator 


quality” criteria to prioritize more specific attributes.
1. Core team develops a database of attribute categories and examples to be ranked by a large audience of park managers, scientists, and other stakeholders. [An alternative approach is to prioritize among a set of monitoring questions].

2. Core team develops a straw-man version of criteria and relative weights for comparing among the criteria; these weights will be used to prioritize attributes.  Three criteria are listed in the example below.  Others can be used to replace or augment the examples.  The weights can be changed later in an interactive group setting to see how they affect the overall results.

3. Core team develops definitions for sub-criteria; e.g., for the criterion of Management Significance, give examples of what “Very High” means versus “Medium” or “Very Low”.  The core team then assigns weights that will be used within each criterion to quantify scores such as “Very High”, “Medium”, etc.  The default weights are 1.0, 0.8, 0.6, 0.4, 0.2, 0, and null.  Weights could be exponential instead of linear, if desired.

4. The attribute database and instructions (criteria and definitions) are sent out to a large audience via email or by setting up a website (Delphi approach), and all recipients are asked to score each attribute for each park in the network using the criteria.

5. Core team summarizes the results for the large audience.  Summary statistics such as the mean score, mode, and high and low scores are calculated for each of the criteria on each of the attributes and entered into the database.  Priorities for each park can be compared.

6. A workshop is held to try to develop consensus scores for each of the attributes in an interactive group setting.  Results are discussed for each attribute and for each park, and a consensus score is entered for each of the criteria after discussing differences.  If a consensus score cannot be reached for a particular attribute, two different values could be saved and later used to determine the effect on overall ranking of attributes.  After entering consensus scores for each attribute, a total score is calculated for each attribute for each park, and the total scores are sorted and several different views are presented to allow workshop participants to further discuss the results and make changes to consensus scores where needed.

7. The prioritized list of attributes that comes out of the workshop is reviewed by the network Board of Directors and/or technical committee before the network proceeds to the second round of prioritization.  Priorities for each park can be compared against priorities for all parks combined.

8. Results from Round 1 are used to develop more specific attributes, which are then prioritized using the process above with additional criteria.  Criteria in the second round include ‘attribute quality’ considerations (a few examples are presented below).

9. The set of indicators that is selected for the initial monitoring program will be determined by the Board of Directors/Technical Committee using results from the process above as input, but also taking into account political, funding, and logistical considerations (e.g., partnership opportunities) and good old common sense.

Criteria used in Round 1 Prioritization to narrow down the scope of potential vital signs to be monitored:

1. Management Significance


Weight: 40 %

A primary purpose of vital signs monitoring is to provide park managers with the broad-based, scientifically credible information they need to make management decisions and to influence others to make decisions for the benefit of park resources.  Ultimately, an indicator is useful only if it can provide information to support a management decision (including decisions by other agencies and organizations that benefit park resources) or to quantify the success of past decisions.  A useful ecological indicator must produce results that are clearly understood and accepted by park managers, other policy makers, research scientists, and the general public, all of whom are able to recognize the implications of the indicator’s results for protecting and managing the park’s natural resources.  (Keep in mind that parks are directed to preserve ecological systems, which includes physical and biological processes as well as the composition and structure of the park’s natural resources.)

The score for this criterion will be based on an evaluation of how well the data provided by the attribute/indicator addresses the following:

· There is an obvious, direct application of the data to a key management decision, or for evaluating the effectiveness of past management decisions.

· The attribute/indicator will produce results that are clearly understood and accepted by park managers, other policy makers, research scientists, and the general public, all of whom should be able to recognize the implications of the indicator’s results for protecting and managing the park’s natural resources.

· Monitoring results are likely to provide early warning of resource impairment, and will save park resources and money if a problem is discovered early.

· In cases where data will be used primarily to influence external decisions, the decisions will affect key resources in the park, and there is a great potential for the park to influence the external decisions.

· Data are of high interest to the public.

· For species-level monitoring, involves species that are harvested, endemic, alien, species of special interest, or T&E

· There is an obvious, direct application of the data to performance (GPRA) goals.

· Contributes to increased understanding that ultimately leads to better management

Examples of how to score attributes for the Management Significance criterion:

Very High:
strongly agree with at least 7 of the statements above.
  

High: 
strongly agree with at least 5 of the statements above, and agree with at least one of the other 3 statements.

Moderate:
strongly agree with at least 4 of the statements above, and agree with at least one of the other 4.

Low:
strongly agree with at least 3 of the statements above, and agree with at least one of the other 5.

Very Low:
strongly agree with at least 2 of the statements above.

None:
Some of the statements above apply to some degree, but I do not strongly agree with any of the statements above

No Entry:
[default; null] 
No opinion, or did not score this attribute

2. Ecological Significance


Weight: 40 %

· There is a strong, defensible linkage between the attribute and the ecological function or critical resource it is intended to represent.

· The resource being represented by the attribute has high ecological importance based on the conceptual model of the system and the supporting ecological literature. 

· The attribute characterizes the state of unmeasured structural and compositional resources and system processes.

· The attribute provides early warning of undesirable changes to important resources.  It can signify an impending change in the ecological system.

· The attribute reflects the functional status of one or more key ecosystem processes or the status of ecosystem properties that are clearly related to these ecosystem processes.  [Note: replace the term ecosystem with landscape or population, as appropriate.]
· The attribute reflects the capacity of key ecosystem processes to resist or recover from change induced by exposure to natural disturbances and/or anthropogenic stressors.  [Note: replace the term ecosystem with landscape or population, as appropriate.]
Examples of how to score attributes for this criterion:

Very High:
Strongly agree with all 6 of the statements above. 

High: 


Moderate:
Strongly agree with at least 4 of the statements above.

Low:


Very Low:
Strongly agree with at least 1 of the statements above.

None:

This is an important attribute to monitor, but I do not strongly agree with any 
of the statements above.

No Entry:
[default; null] 
No opinion, or did not score this attribute


3. Legal/Policy Mandate


Weight: 20 %

This criterion is part of ‘Management Significance’, but is purposely duplicated here to give extra emphasis towards those attributes and resources that are required to be monitored by some legal or policy mandate.  The intent is to give additional priority to an attribute if a park is directed to monitor specific resources because of some binding legal or Congressional mandate, such as specific legislation and executive orders, or park enabling legislation.  This criterion is best evaluated by a small group of people familiar with legislation, GPRA goals, etc.  Subject-matter experts and persons unfamiliar with legal and policy mandates should not be asked to score each potential indicator using this criterion.

Examples of how to score attributes for this criterion:

Very High:
The park is required to monitor this resource by some specific, binding, legal mandate (e.g., Endangered Species Act for an endangered species, Clean Air Act for Class 1 airsheds), or park enabling legislation that mentions a specific resource to be monitored.

High: 


Moderate:
The resource/attribute is specifically covered by an Executive Order (e.g., invasive plants, wetlands) or a specific Memorandum of Understanding signed by the NPS (e.g., bird monitoring), as well as by the Organic Act, other general legislative or Congressional mandates, and NPS Management Policies.

Low

Very Low:
There is a GPRA goal specifically mentioned for the resource being monitored, or the need to monitor the resource is indicated by some type of federal or state law as well as by the Organic Act and other general legislative mandates and NPS Management Policies, but there is no specific legal mandate for this particular resource.

None:
The resource/attribute is covered by the Organic Act and other general legislative or Congressional mandates such as the Omnibus Park Management Act and GPRA, and by NPS Management Policies, but there is no specific legal mandate for this particular resource.

No Entry:
[default; null] 
No opinion, or did not score this attribute

Examples of ‘Indicator Quality’ Criteria that might be used to further screen potential attribute/indicators in Round 2:

Feasibility/Cost
 


The indicator not only has to be relevant to the monitoring program but implementation also has to be feasible, practical, and affordable.  Methods for sampling and measuring the indicator should be tested, reproducible, and cost-effective for use in a monitoring program.  Sampling methods may include simple, low-tech or low-cost data collection methods, but indicators that require more complex or expensive collection methods should not be precluded if they can be shown to be cost-effective, e.g. data collection every five years results in low annual cost.  Consideration should be given to data collection methods, logistical requirements, data processing and information management, data quality, and costs in terms of time, money, and personnel.  Logistic feasibility should include factors such as travel, training, sample transport, laboratory analyses, and the time involved to perform these tasks over the long term. 

High Signal to Noise Ratio (Response Variability)
It is highly likely that the indicator results will show a trend if one exists.  The indicator is relatively insensitive to changes in conditions other than the stress of interest; i.e., changes in the indicator can reliably be attributed to changes in the stressor or resource of interest.  Data do not exhibit large, naturally-occurring variability.  Human errors of measurement and natural variability over time and space are sufficiently understood and documented.

Data Comparability

Constraints in funding and personnel, as well as logistical difficulties, will greatly limit sample sizes and the number of places where we can sample.  The ability to compare data over time (temporally) as well as among places (spatially) is a key to interpreting and understanding the results of the monitoring.  Well-designed and tested sampling protocols are a critical component of the monitoring program to allow us to detect changes over time and for the program to survive turnovers in personnel, and to allow comparisons of data among places and monitoring being done by different agencies.  Are standardized protocols are available, or can they be developed to allow comparisons among places and agencies?  Wherever possible, parks should use or modify existing, well-tested sampling protocols to promote data comparability and cost effectiveness.

Approach Recommended to Networks that have developed a list of potential vital signs, and will prioritize in one round during a workshop:
Criteria used in initial prioritization to narrow down the scope of potential vital signs to be monitored:

Vital Signs, as used by the National Park Service, are synonymous with the term ecological indicator.  Vital signs are a subset of physical, chemical, and biological elements and processes of park ecosystems that are selected to represent the overall health or condition of park resources, known or hypothesized effects of stressors, or elements that have important human values.  The elements and processes that are monitored are a subset of the total suite of natural resources that park managers are directed to preserve "unimpaired for future generations," including water, air, geological resources, plants and animals, and the various ecological, biological, and physical processes that act on those resources.  Vital signs may occur at any level of organization including landscape, community, population, or genetic level, and may be compositional (referring to the variety of elements in the system), structural (referring to the organization or pattern of the system), or functional (referring to ecological processes).

1. Management Significance


Weight: 30 %

A primary purpose of vital signs monitoring is to provide park managers with the broad-based, scientifically credible information they need to make management decisions and to influence others to make decisions for the benefit of park resources.  Ultimately, an indicator is useful only if it can provide information to support a management decision (including decisions by other agencies and organizations that benefit park resources) or to quantify the success of past decisions.  A useful ecological indicator must produce results that are clearly understood and accepted by park managers, other policy makers, research scientists, and the general public, all of whom are able to recognize the implications of the indicator’s results for protecting and managing the park’s natural resources.  (Keep in mind that parks are directed to preserve ecological systems, which includes physical and biological processes as well as the composition and structure of the park’s natural resources.)

The score for this criterion will be based on an evaluation of how well the data provided by the attribute/indicator addresses the following:

· There is an obvious, direct application of the data to a key management decision, or for evaluating the effectiveness of past management decisions.

· The indicator will produce results that are clearly understood and accepted by park managers, other policy makers, research scientists, and the general public, all of whom should be able to recognize the implications of the indicator’s results for protecting and managing the park’s natural resources.

· Data are badly needed to give managers a better understanding of park resources so that they can make informed decisions.

· Monitoring results are likely to provide early warning of resource impairment, and will save park resources and money if a problem is discovered early.

· In addition to addressing a specific management decision, data provide information that strongly support other management decisions.

· Data are of high interest to the public.

· There is an obvious, direct application of the data to performance (GPRA) goals.

How to score potential vital signs for the Management Significance criterion:

  Very High:
strongly agree with all 7 of the statements above.
  

  High: 
strongly agree with 6 of the statements above.

  Moderate:
strongly agree with 5 of the statements above.

  Low:
strongly agree with 4 of the statements above.

  Very Low:
strongly agree with 3 of the statements above.

  None:
strongly agree with 2 or fewer of the statements above

  No Entry:
[default; null] 
No opinion, or did not score this attribute

2. Ecological Significance


Weight: 30 %

· There is a strong, defensible linkage between the indicator and the ecological function or critical resource it is intended to represent.

· The indicator represents a resource or function of high ecological importance based on the conceptual model of the system and the supporting ecological literature. 

· Data from the indicator are needed by the parks to fill gaps in current ecological knowledge.

· The indicator provides early warning of undesirable changes to important resources.  It can signify an impending change in the ecological system.

· The indicator has a high signal to noise ratio and does not exhibit large, naturally occurring variability.

· The indicator is sufficiently sensitive; small changes in the indicator can be used to detect a significant change in the target resource or function.

· Reference conditions exist within the region, and/or threshold values are specified in the available literature that can be used to measure deviance from a desired condition. 
· The indicator complements indicators at other scales and levels of biological organization.
How to score potential vital signs for this criterion:

  Very High:
Strongly agree with all 8 of the statements above. 
  High: 
Strongly agree with 7 of the statements above.

  Moderate:
Strongly agree with 6 of the statements above.

  Low:
Strongly agree with 5 of the statements above.

  Very Low:
Strongly agree with 4 of the statements above.

  None:
Strongly agree with 3 or fewer of the statements above.

  No Entry:
[default; null] 
No opinion, or did not score this attribute


3. Legal/Policy Mandate


Weight: 20 %

This criterion is part of ‘Management Significance’ but is purposely duplicated here to emphasize those indicators and resources that are required to be monitored by some legal or policy mandate.  The intent is to give additional priority to an indicator if a park is directed to monitor specific resources because of some binding legal or Congressional mandate, such as specific legislation and executive orders, or park enabling legislation.  The binding document may be with parties at the local, state, regional, or federal level.

Examples of how to score attributes for this criterion:

Very High:
The park is required to monitor this specific resource/indicator by some specific, binding, legal mandate (e.g., Endangered Species Act for an endangered species, Clean Air Act for Class 1 airsheds), or park enabling legislation.

  High: 
The resource/indicator is specifically covered by an Executive Order (e.g., invasive plants, wetlands) or a specific Memorandum of Understanding signed by the NPS (e.g., bird monitoring), as well as by the Organic Act, other general legislative or Congressional mandates, and NPS Management Policies.

  Moderate:
There is a GPRA goal specifically mentioned for the resource/indicator being monitored, or the need to monitor the resource is generally indicated by some type of federal or state law as well as by the Organic Act and other general legislative mandates and NPS Management Policies, but there is no specific legal mandate for this particular resource.

  Low:
The resource/indicator is listed as a sensitive resource or resource of concern by credible state, regional, or local conservation agencies or organizations, but it is not specifically identified in any legally-binding federal or state legislation. The resource/indicator is also covered by the Organic Act and other general legislative or Congressional mandates such as the Omnibus Park Management Act and GPRA, and by NPS Management Policies.

  Very Low:
The resource/indicator is covered by the Organic Act and other general legislative or Congressional mandates such as the Omnibus Park Management Act and by NPS Management Policies, but there is no specific legal mandate for this particular resource.

  None:
There is no legal mandate for this particular resource.

  No Entry:
[default; null] 
No opinion, or did not score this attribute

4. Cost Effectiveness and Feasibility


Weight: 20 %

· Sampling and analysis techniques are cost-effective.  Cost-effective techniques may range from relatively simple methods applied frequently or more complex methods applied infrequently (e.g., data collection every five years results in low annual cost). 

· The indicator has measureable results that are repeatable with different, qualified personnel.

· Well-documented, scientifically sound monitoring protocols already exist for the indicator.

· Implementation of monitoring protocols is feasible given the constraints of site accessibility, sample size, equipment maintenance, etc.

· Data will be comparable with data from other monitoring studies being conducted elsewhere in the region by other agencies, universities, or private organizations.

· The opportunity for cost-sharing partnerships with other agencies, universities, or private organizations in the region exists.
How to score potential vital signs for this criterion:

  Very High:
Strongly agree with all 6 of the statements above. 

  High:

Strongly agree with 5 of the statements above. 

  Medium:
Strongly agree with 4 of the statements above. 

  Low:

Strongly agree with 3 of the statements above. 

  Very Low:
Strongly agree with 2 of the statements above. 

  None:

Strongly agree with 1 or fewer of the statements above.

  No Entry:
[default; null] 
No opinion, or did not score this attribute.
