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Workshop Purpose 

The workshop is to facilitate informal discussion of conceptual models as they relate to the charge to develop a comprehensive monitoring, assessment and research program (CMARP) for CALFED and its member agencies.   Specifically the CMARP Steering Committee charged with developing CMARP is interested in obtaining information on:

( 
the definition of conceptual models;

(
how conceptual models, in concert with indicators and attributes, have been 
used in other systems to design and carry out comprehensive monitoring, 
assessment and research programs;

(
how conceptual models are being developed and used in the Bay/Delta and the 
Central Valley;

(
the audiences for conceptual models;

(
how conceptual models can help us understand of how things work and the 
uncertainty associated with various components of this understanding;

(
suggestions on which areas within CALFED should receive conceptual modeling 
attention in the form of workshops;

(
model scale, e.g., individual species versus ecosystem;

(
when and if it is time to move conceptual models to simulation models.

The following questions were posed to the outside speakers prior to the workshop:

1.
How did you develop your conceptual models (e.g. workshops, workteams)?  Who was involved (e.g. agencies, universities, and stakeholders) and what skills did they bring to the table (e.g. technical, management, and policy)?

2.
To what extent were your conceptual models based on explicit hypotheses, and did new hypotheses flow out of the process of constructing of the model?  Do you have any advice on how to keep people focused on this hypothesis-based approach?

3.
No model (numeric or conceptual) is ever finished (or fully correct).  It can always be refined and/or made more detailed.  In fact, it is the process of thinking about and constructing the model that is probably most useful.  One danger is having people spend a lot of time developing detailed conceptual models and having little time left to develop the monitoring and research plans that are supposed to flow out of them.  Alternatively, a group assigned to develop such plans could then develop a conceptual model around the work components they identify without giving a lot of thought to unknowns.  Do you have any advice on how to balance the two work phases?  How do we know if teams are going off in the “wrong” direction?

4.
Once the stressors are introduced to the models, have nontechnical (i.e., political, social, economic) aspects become a factor in the interpretation of monitoring results?  If so, how was this addressed?  

5.
How long did your process take?  Does our timeline seem reasonable?  Why or why not?

Using the conceptual model:

1.
How useful were the conceptual models developed and what roles did they best fill?  In other words, did the conceptual models significantly affect the research/monitoring design or were they most useful in explaining the design to others such as the public, managers, and policy makers?  Did formulating and applying the model help clarify the goals and expectations of the monitoring program?

2.
Was the model useful in identifying knowledge gaps, presumed cause-effect relationships, and predictions regarding how environmental perturbations or management actions will affect?  Monitored parameters or important resources?

3.
Did developing the conceptual model clearly lead to “indicators” for monitoring purposes?  If not, how did you ultimately determine what to actually monitor?  How important were logistics and available technology (i.e., cost) in the final design, and did these factors ever compromise important issues identified by the model?

4.
Related to the previous question, was the model useful in prioritizing the hypotheses or monitoring needs for the program to address?  How or did you address/balance scale issues (i.e., ecosystem-wide versus project-specific components)?

Product

The results of the workshop have been summarized in this report from the CMARP steering committee to CALFED and stakeholders. 

EXECUTIVE SUMMARY


CALFED and agency staff, university researchers, stockholders, and representatives of restoration and monitoring programs from outside California met for one and one-half days to discuss the role of conceptual modeling in developing research and monitoring programs.  Conclusions from the workshop are:


(
Conceptual models have played key roles in monitoring research and 
restoration program development in Puget Sound, Chesapeake Bay, and South 
Florida, and have an important role in the Bay Delta.


(
Conceptual models:

provide a framework for organizing our knowledge in order to help us understand how systems function;

represent what we think we know and don’t know, but may be based on incorrect assumptions because we don’t know enough;

are dynamic and evolve with increased understanding;




help uncover uncertainties in our knowledge;

take different forms, depending on the modeler, the purpose and the audience;

with respect to bay-delta species or ecosystems, are mostly implicit, i.e., not well documented and not available to other than the modeler him/herself.


(
The process of thinking through the model and discussing the model with peers 

is more important than the model itself.


(
CALFED and local State and federal agencies are presently not making good 


use of explicit conceptual models in developing monitoring/restoration 



programs, adaptive management or communications with other scientists, 


managers, and the public.

INTRODUCTION


On May 1, 1998, the CALFED Policy Group approved a $1.8 million proposal by the Interagency Ecological Program, the San Francisco Estuary Institute and the U.S. Geological Survey to develop a comprehensive monitoring, assessment, and research program (CMARP) for CALFED and its member agencies.  One of the first tasks in the proposed program was to convene this workshop to help evaluate the use of conceptual models in arriving at a recommended monitoring/assessment/research program by the January 1999 deadline.


The workshop has been organized by a subcommittee of the CMARP steering committee (Fred Nichols, Larry Brown, Elise Holland, and Randy Brown), and the workshop focus is to share the experiences of workers in other systems that have used conceptual models in monitoring/restoration program development and evaluation.


This meeting summary and notes will be distributed to CALFED management and staff, agency staff and stakeholders.  This is likely to be the first in a series of workshops involving conceptual modeling, with subsequent workshops dealing more specifically with CALFED program elements such as ecosystem restoration, water quality, and watershed management.

Introduction to CALFED: Dick Daniel – CALFED Bay/Delta Program

Dick described the purpose, membership, programmatic structure (working groups, interagency teams), and mission of CALFED.  He described the program in terms of the “common program” elements (water quality, water transfers, watershed management, ecosystem restoration, water-use efficiency, levee system integrity), and the “variable program” elements (storage, conveyance).  He emphasized that while the CALFED program has a clear focus on the problems of the Delta (levee stability, water quality, ecosystem degradation, fish declines), the entire valley, the high Sierra, and southern California are also part of problem and the necessary solutions.  Dick provided a schedule of the decisions and estimates of the cost of the program per year.  In response to a question about the “variable program” elements, he replied that there are 12 proposals for changing the conveyance of water, including new storage facilities; these will be considered in selecting the preferred alternative.  In response to a question about how ecosystem restoration decisions are distinct from conveyance decisions, he replied that the decisions are tied together in the context of both funding and political pressures.  In response to a question about how conceptual modeling fits into the CALFED process, he replied that models are needed in environment restoration, but would also be important in water quality, watershed management decisions, and would naturally lead to a comprehensive monitoring plan and adaptive management.

Summary of Science Panel Recommendations to CALFED: Bruce Herbold – U.S. Environmental Protection Agency

Bruce described six major points made by the Panel: (1) clearly state the goals - is this restoration or rehabilitation; (2) simplify the presentation of the program and its goals based on conceptual models to determine allocation of effort; (3) involve outside review and recommendations; (4) place emphasis on the use of both qualitative and quantitative models (broad, specific, simulation) of physical and biotic ecosystem processes; (5) derive monitoring from testable hypotheses; and (6) continually interact with a “standing science body” composed of agency scientists, stakeholder scientists and scientists independent of the program.  Bruce expressed concerned that we have not yet followed their recommendations.  He suggested that “we have nibbled at doing some of these, but not in a significant way.”  With regard to guidance on the development of conceptual models, we need an operational definition of ecosystem health such as “no loss of management options.”  He pointed out that focus should be on ecosystem processes as well as other habitats such as upper watersheds, tidal slough edges, etc. 

With respect to the development of useful indicators, Bruce described the following development strategy: develop conceptual models; identify stressors; establish hypotheses; develop an adaptive management plan and, finally, establish indicators.  In response to a question about how to reconcile the ERPP Science panel recommendations with the needs of all other program elements, Bruce suggested that the Panel recommendations could apply to all seven programs.

Introduction to CMARP: Larry Smith – U.S. Geological Survey

Larry began with a description of how CMARP has evolved to be collaboration among IEP, USGS, SFEI, and stakeholders.  He pointed out that CALFED needs a monitoring and research program to support staged implementation of the common programs and the preferred alternative, to assure stakeholders that CALFED actions are being effective, and to satisfy a congressional mandate.   Because CALFED envisions CMARP as supporting implementation of its programs during the next 30 years, CMARP participants have opportunity to design a 30-year program that supports a long-term solution to California’s water problems.  

Larry described the three stages of CMARP: (1) prepare a design; (2) design a monitoring, assessment and research; and (3) implement and refine the program.  Stage 2 of CMARP includes the following tasks and times:

Clarify CALFED goals and objectives

3 months

Develop a conceptual framework

         10 months

Design a monitoring program

 
9 months

Design a focused research program
 
9 months

Develop an organizational structure
 
6 months

Larry pointed out that given a clear set of goals and objectives and a clear conceptual framework, the task of designing a monitoring and research program and recommending an organizational structure to implement the program is feasible.  Each step logically follows its predecessor in a linear fashion, with each step following from the accomplishment of the previous step.  For example CMARP could select indicators and sampling strategies based on conceptual models and proposed management actions.  However, because of the short time frame for program design, we will need to have concurrent, incremental efforts that emphasize the coordination and possible adaptation of existing programs while we design a new program. Therefore, the CMARP Steering Committee has emphasized to the CALFED Policy Group and the stakeholders that a considerable amount of refinement of the design will be necessary in stage 3.

In response to a question about why monitoring and research are listed separately, Larry responded that the distinction is artificial because they are interdependent, and neither is sufficient alone.  A discussion ensured about differences between monitoring and research, and it was suggested that monitoring does not require testable hypotheses, but research does.  Both, however, should be involved in answering clearly articulated questions.  Nick Aumen pointed out that in South Florida research is independent and credible, but it does reside within the agency framework.  It is not necessary that research be conducted by an outside entity.  In response to a question about why the water quality program is separated from habitat restoration, Larry suggested that human health issues are different from habitat issues, and size of programs dictated this separation of programs.

There was a discussion about the need for a high degree of technical independence in the conduct of both monitoring and research in order that these programs are credible in the eyes of public.  Larry responded that CALFED is, by necessity, a process open to all interested parties.  Agencies or individuals may be uncomfortable with specific data or research results, but discomfort cannot influence public access thereto.  Therefore, it is appropriate to establish, organizationally, a sufficient level scientific independence to provide adequate assurances.  Further, scientists can promote the appropriate use of information by participating in the relevant discussions of their findings.

In response to a question about why the development of a monitoring, assessment, and research program is being placed on a fast track before defining goals and objectives, Larry pointed out that this is indeed a continuing problem.  We need to ensure that we take the time necessary to do good science.  However, because the CALFED program is dependent on an annual appropriations process, CMARP must get started.   This stage of CMARP should be thought of as the beginning of a 30-year process during which a lot of refinement will take place.

Thoughts on the Role of Conceptual Models in Design of Monitoring, 

Research and Assessment Programs: Wim Kimmerer – Romberg Tiburon Center for Environmental Studies, San Francisco State University

Wim began by pointing out that a conceptual model is an explanation of what we know or think we know about a part of the natural world.  Diagrams used in conceptual models are merely tools to be used in explaining the model to others.  Making these diagrams requires consideration of the intended audience.  Wim presented several examples to illustrate how the conceptual models could be used.  Using the example of the life cycle of salmon, he explained that model detail depends on the scale of the model from landscape to individual segments, and that models need to be established at several levels so that no one model is too complex.  Using the example of striped bass, he showed how the influence of multiple factors could be understood in the context of a life cycle.  He also showed portions of the "fish-X2" conceptual model, using a matrix of symbols to highlight the important relationships and the degree of uncertainty about them.  A model of physical oceanography of the estuary illustrates the effect of freshwater flow and tide, and shows why flow has only indirect effects seaward of X2.  Wim used a carbon flow model to illustrate the various sources of carbon to the estuary, and at what key points monitoring and research programs were needed.

In response to a question about how we can use 2‑dimensional models in a multi-dimensional world to design a monitoring program, Wim explained that these models provide indication of the nodes where monitoring is needed.  In response to a question about how to present complex models to public, Wim suggested that we need to “hide” much of the detail. We cannot convey all knowledge to the general public, thus we need to develop simple explanations.  In short, we need to define the intended audience, then decide what level of detail is needed to make the point.  Nick Aumen pointed out that, from his experience in Florida, there are available tools for presenting information and educating the public.  Another workshop participant pointed out that we need to be clear with the public about what we know and what do not know, i.e., to be explicit that knowledge is “fractal” and that conceptual models need to capture the uncertainties in whatever question they address.  The discussion concluded with a general consensus that (1) models are very useful for gaining further knowledge that can lead to action and for helping to define what we know and do not know; and (2) scientists naturally have implicit models in mind when designing monitoring and research programs.  However, we have more of a problem when we try to formalize these models.  We need to place more emphasis on making implicit models explicit.

INTEGRATING MONITORING, MODELING, AND INDICATORS 

Indicating monitoring, marketing and indicators in Chesapeake Bay: Jim Bernard - Green Mountain Institute for Environmental Democracy

Jim pointed out that because of the 2700:1 watershed-to-water ratio in the Chesapeake Bay region, much of focus of the planning was, of necessity, on the influence of activities in the watershed.  Jim described how the Chesapeake Bay program began with a list of 10 management issues; invested heavily in research; and subsequently chose nutrients, contaminants, and living resources (e.g., submerged aquatic vegetation) as the three key topics (“tracks”), with indicators with multiple impacts as a fourth crosscutting track.  The program was developed to make informed restoration decisions.  The program developed a hierarchy of indicator levels (how to measure environmental change), with the goal of achieving levels 5 and 6 to provide useful information (see Appendix B for details). Jim pointed out that in the Chesapeake there is no demarcation between monitoring and research.  The overall program involved 165 monitoring stations below the fall line, with 19 physical, chemical, and biological measures sampled 20 times/year.  There is a watershed model with submodels (see additional handout).  The estuary model has two submodels (hydro + water quality models).  The conceptual model developed for the key living resource issue, submerged aquatic vegetation (SAV) was somewhat detailed so it was not considered appropriate for the public.  Instead, the program focused on very simple indicators with understandable, graphical restoration targets that could be used as effective management tools.  The best example is the “Bernie Fowler” index (the depth of water at which Mr. Fowler could no longer see his white tennis shoes during his annual wade into the Bay).  This index has been an effective way to tell the public about what is going on.  Further, “attitude surveys” have illustrated public misconceptions and desires for restoration.


Based on the Chesapeake experience, Jim recommended that we:

(1)  be persistent

(2)  ensure that key parties reach consensus

(3)  do not wait for perfection

(4)  maintain clear linkages to strategic goals; indicators must have clear end

(5)  ensure strong leadership 

In response to a question about how to continue when interim program goals are not being met, Jim acknowledged that it is difficult, but you need to keep going.


Jim’s handouts are attached as Appendix B.

Use of Conceptual Models in Developing a Puget Sound Monitoring Program: Jan Newton - Washington State Department of Ecology

PSAMP is a multi-agency program, started in the early 1980s, to assess the health of Puget Sound.   In a recent 5-year review, a Scientific Review Panel concluded that: (1) PSAMP lacked a conceptual model for environmental monitoring; (2) the program was not focused; (3) questions were not integrated across components; (4) monitoring was not well linked to agency management; and (5) the program was not linked to other scientists.

In the development of the PSAMP conceptual model, Jan described the need in an overall conceptual model to incorporate stressors, key processes and linkages (ecosystem and management), promote integration of all monitoring elements.  The model needs to represent:

(1)
natural processes (trophic processes, energy transfer, and physical relationships)

(2)
anthropogenic perturbations (point/non point discharge, fresh water diversion)

(3)
human management and policy practices


The model is dynamic and can provide a visual representation of our understanding, serve as a communications tool, display the kinds of information available and help show linkages.  The modeling exercise also helps unify the areas needing attention and extends system network to include all entities.  

Using the following pentagon diagram, Jan showed the linkages between “management”, “activities”, “stressors”, “ecosystem components” and “monitoring” (including research).  

[diagram here]

The PSAMP program staff used a matrix approach, which covered activities, stressors, components (ecosystems and human health and management laws, rules, policies, etc.). The process for program development involved filling in the matrices, then developing visual models, e.g., a “stressor-based sub-model” and a “component-based sub-model”, all compartmentalized by habitat (nearshore versus open basin).  (An example of the matrix can be found in Appendix C.)  The matrix was then used to identify the key PSAMP topics: contamination, physical alteration, and organisms.  Next, PSAMP developed a conceptual model of human health threats: pathogens and nutrient stressors.

The products that were developed from the matrix (5) were:

( models and submodels

( questions and topics

( an analysis of gaps

( a metadatabase (although this part is not yet well developed)

( suggestions for environmental indicators and performance measures

There were problems in the program development because some managers left, which affected communications.

In response to a question about how models were developed, Jan indicated that they started with small nucleus of people (6) to develop the matrix, then put the matrix out for review, followed by establishment of additional groups to develop models and submodels.  Jan pointed out the critical need to get concepts on paper, then get tests of models.  In response to a question about how to prioritize the problems and tasks, Jan suggested that it is important to identify the problems and get buy-in, although this may not occur in the ideal order.  In response to a question about how to prevent conceptual models from becoming a constraint, she pointed out that the model is dynamic and subject to change; these are just tools to help guide the program.  

See Appendix C for a copy of some material provided by Dr. Newton.

Conceptual Models, Decision Making, and Research Priorities in South Florida: Nick Aumen - South Florida Water Management District (SFWMD)
Nick pointed out that the District manages the water resources for the entire watershed from Orlando to the Florida Keys, so management is simplified to this degree.  The district encompasses intensive agriculture and rapid urban development adjacent to sensitive everglades habitat.  It is directed by a board of laypeople, and has a large in-house research staff.  The mission of the SFWMD includes flood control, water supply, water quality, and environmental protection and restoration.  A federal lawsuit forced admission of agriculture-related contamination of Everglades, and defined the need for high-quality credible research. To ensure that all information gained in the program is credible, of high quality, and publicly accessible, all results are available on request and most scientific reports are published in peer‑reviewed journals.

Restoration in the South Florida ecosystem is based on returning the hydrologic regime to its original function as much as possible and reducing nutrients from agricultural and urban runoff.  Nick pointed out that conceptual models have been and are being used to help evaluate alternative restoration plans, and to identify (1) linkages among sources of stress, (2) ecological stressors, (3) ecological effects of stressors, (4) ecological attributes that best measure stressors, (5) set of specific measures recommended for each attribute.

Nick provided the following recommendations for how to tie conceptual modeling into decision making:

1. Establish an objective hierarchy (overall objective, issue-specific objectives, attributes that are mutually exclusive, easily measurable).

2. Assess management alternatives (matrix of management options versus attributes) to get at estimates of both prediction and uncertainty and derive research priorities

Nick observed that at SFWMD, they have not found it necessary to use the process to its greatest level of complexity.  Instead, they chose the level that is appropriate to the topic under consideration and the time they are willing to dedicate to it.  Although the product from decision analysis is recognized as a living, changeable document, it provides a consistent framework to continually check progress against; AND gives others confidence in what was being done.  With respect to the actual development of conceptual models, SFWMD found success through formation of standing working groups that meet on a regular basis.  A good process model is that used by the National Center for Ecological Analysis and Synthesis (see its website at: http://www.nceas.ucsb.edu/fmt/doc?.frames.html .

Nick concluded with the following observations: 

1.
Tie development of conceptual models to decision analysis.  Decision 
analysis provides a top-down process by which scientists, resource 
managers, and public can set research priorities together, and can consider 
potential management options and their effects on specific attributes.

2.
Use of hypothesis-driven experimental research is essential if you want to 
understand how ecosystems function.  Monitoring/data collection alone are 
not sufficient to determine cause-and-effect. Only hypothesis-driven, 
experimental research coupled to monitoring can determine cause-and 
effect relationships.  Both of these important science components are 
essential, and should be coupled with simulation modeling to provide the 
most complete approach.

3.
The Bay-Delta problems beg for landscape modeling (including empirical) and a GIS Approach. The scale and complexity of issues facing CALFED in Bay-Delta restoration require a multi-disciplinary approach to data handling and analysis. Geographical Information Systems (GIS) platforms provide the vehicle for such an approach and have become an integral part of science at the SFWMD. GIS allows for integration and analysis of data across many scales of space and time. In addition, landscape-level modeling (and other types of modeling utilizing user-friendly, GIS interfaces) provides the framework for fleshing out conceptual models.

4.
Commit to the investment required by science-based restoration.  The experiences at the SFWMD (the $400 million restoration of one third of the meandering floodplain of Kissimmee River that cost $34 million to channelize) show that no matter how expensive approaches to science-based restoration may seem, it is likely to be less expensive than trying to fix mistakes later on.  Further, it is less expensive to deal with pollution problems at their source, rather than at downstream locations.  For example, it will cost $800 million to construct 46,000 acres of wetlands designed to remove phosphorus from agricultural runoff in South Florida.

5. Do not isolate hydrologic restoration from ecosystem restoration.  In south Florida, restoration centers on re-establishment of natural hydropatterns, reduction of nutrient inputs, and elimination of exotic vegetation, NOT on specific habitat restoration. 

6. Lawsuits make things happen.  Major leaps forward in the South Florida restoration initiatives seem to come only as a result of public pressure, usually through the vehicle of lawsuits. This process is not the most positive, and any proactive steps that CALFED can take to accomplish its mission and to minimize the risks of lawsuits will have a positive outcome.

7. Do not get bogged down in the debate over Restoration versus Rehabilitation.  

Nick offered a final piece of unsolicited advice: “Avoid hard‑structure solutions, such as adding more water control structures and canals.”

Jim Bernard offered an observation that we get much better prediction from hypothesis-testing research and monitoring than with indicator development.  Nick responded that “We pretty much do not use indicators in the traditional sense.   Instead, they are incorporated into performance measures, like primary productivity in Lake Okeechobee.”

In response to a question about how conceptual modeling was initiated, Nick described that it began with multi-agency meetings, then with stakeholders; but the actual modeling process was initially led by a small group of interested individuals.   The conceptual modeling process was used to define research priorities.  In response to a question about the size of the 
investment in research, Nick reported the District spent about $10 million on research this year.  In response to a question about how research or pilot projects were used in South Florida restoration decisions, Nick pointed out that public education at all levels was a key component in decision making.

A restoration alternatives evaluation can be viewed on the WEB – the U.S. Army Corps of Engineers page (http://141.232.1.11/org/pld/restudy/index/html).

Local Experience and Plans: Bruce Herbold, U.S. Environmental Protection Agency and Doug Morrison – U.S. Fish and Wildlife Service

Developing Indicators – A Local Perspective

Doug indicated that indicator development for the Bay/Delta and its watershed had been underway in some form for a couple of years.  For about the past year, there has been a CALFED agency/stakeholder effort to provide CALFED with a list of ecological indicators.  Doug described a “Conceptual Framework for Ecological Indicator Development” used by the CALFED Indicators Group, with the following general approach:  

( define typology

( define categories of ecological attributes

( define indicators


Bruce pointed out that the Indicators Group had been formed at the request of CALFED.  He then described the process by which the Indicators Group tasked itself with developing indicators of ecosystem health, then developing landscape models in terms of: 


1)
water quality 

2) hydrology 

3) sediment supply 

4) nutrients 

5) migrating species

The Indicators Group began its efforts without a clear understanding of the ERPP’s goals and objectives.  It will now be easier to develop indicators, as the following four ERPP goals have since been adopted (The Core Team of ERPP has proposed some rewording and adding two additional goals):

1)
Achieve recovery of the listed native species dependent on the Delta and Suisun Bay, support recovery of listed native species in the Bay- Delta estuary and its watershed, and provide for continued conservation of currently unlisted species.

2)
Rehabilitate the natural capacity of the Bay-Delta estuary and its watershed to support, with minimal ongoing human maintenance, native aquatic and associated terrestrial biological communities.

3)
Maintain and enhance populations of selected species for safe consumption and sustainable commercial and recreational harvest, consistent with goals 1 and 2.

4)
Protect or restore a range of key, functional habitat types for biodiversity, scientific research, and other public values.

Bruce pointed out that we might, through some management efforts, be able to restore functions without restoring the original habitat features (control of water temperature and building spawning beds to encourage salmon spawning in new areas downstream of dams.

A Case Study – Conceptual Model of Delta Smelt Life Monitoring: Bill Bennett – Bodega Marine Laboratory, U.C. Davis

Bill described how one could apply conceptual modeling of a species to design ecosystem restoration, monitoring and research.  He used a series of five conceptual models to examine how models can be used to evaluate the relative importance of factors affecting delta smelt abundance both before an after the major abundance changes in the late 1980s.  He explained that there is considerable scientific uncertainty as to further explaining their annual variability in distribution and abundance.  Bill described an approach to modeling using loop analysis in which the loop involves implementation of knowledge, conceptual model formulation, iterative testing of alternative qualitative models, and quantitative modeling of dynamics.  This analysis is patterned after a process originally described by Levin of Harvard.  Loop modeling: 

-allows investigation of concepts not easily quantified

-forces investigators to carefully consider scale of problem

-formalizes knowledge and hypotheses

-has the ability to identify important relationships

-directly integrates conceptual modeling into making decisions.


The five models were:

Model 1 – “before” period - involve effects of delta pumps, inland silversides (a predator), and copepods on delta smelt

Model 2 – “after” period - involves Delta pumping regulated by Endangered Species Act take limits

Model 3 - no effect on silversides of eating delta smelt

Model 4 - selective feeding? (native versus exotic copepods) silversides eat exotics, smelt eat natives

Model 5 – intra-guild predation – silversides eat both exotic and native copepods


The models indicate there may be classic predator/prey oscillations in population abundance.

In a hypothesis generating sense, loop analysis models help to tell us what to do next.  The biggest flaw is that these models get complex quickly.  However, we can develop a new or sub model for dealing with other compartments of the potentially complex model.  It does not take many boxes to generate great complexity, but precision is dependent on the data in hand.  We must scale the model to the availability of information.

Other Modeling Efforts: Randy Brown – California Department of Water Resources


Randy briefly described a major monitoring program in place in the Bay/Delta.  The Interagency Ecological Program:

(
has been around in some form since the early 1960s

(
now consists of nine federal and State agencies

(
has an annual budget of about $13 million

(
has program elements ranging from phytoplankton to fish to water quality and hydrodynamics

Randy reiterated a common observation that explicit conceptual models are rare in bay-delta scientific studies; rather, implicit models (striped bass index, X2, salmon survival) predominated.  The Endangered Species Act (ESA) has changed the approaches and the need to become more explicit.  It is important to recognize that we do not want to get involved in the development of conceptual models to the exclusion of getting anything else done.  However, we need to get explicit models in the hands of all CALFED technical participants.

Randy summarized the many planned working groups that will develop or lead to the development of conceptual models:

June 24 - shallow water habitat workshop

August 10, 11 - striped bass workshop

October 1, 2 - delta smelt workshop

November - delta outflow workshop 

Sometime in autumn - salmon workshop in fall

He also described the Suisun Ecological Workgroup - a series of workshops dealing with how the marsh system functions and how to manage it. 

BREAKOUT GROUPS

Workshop participants were divided into three groups; each of the groups was asked to provide responses to three questions.  Below is a summary of the main points made (group responses combined):

Question 1.  How have conceptual models, in concert with indicators and attributes, been used in other systems to design and carry out comprehensive monitoring, assessment and research programs?

· As an example of the utility of conceptual models, the 1979 IEP Striped Bass model was used by NMFS to identify research topics. 

· As another example, in the Vernalis Adaptive Management Program San Joaquin River flows were set, in part, for salmon.  Because we don't yet know the critical mechanisms, field experiments are being carried out in concert with modeling.

· The Puget Sound Ambient Monitoring Program allowed for integration of information on inputs, and used monitoring to identify gaps.

· Conceptual modeling regarding the possible effects of a reservoir on the Carmel River allowed for the development of a good comprehensive program and increased communication.

· In general, conceptual modeling: 

· allows for increased communication about how ecosystems function; 

· leads to the identification of research and monitoring priorities; 

· provides a framework within which to identify and test key processes; 

· allows for the evolution of ideas and formalization of concepts; 

· forces one to explain (put on paper) views of "reality" and all of the assumptions involved, thereby allowing for the development of consensus or the identification of areas of disagreement;

· is part of the process of building consensus through depiction of processes, stressors, and information gaps;

· helps to suggest how stressors might affect attributes; 

· helps to identify questions and hypotheses that need to be addressed in both monitoring and focused research;

· helps in the selection of indicators and ties them together; 

· helps in the identification of monitoring elements;

· helps in the prioritization of restoration actions; 

· helps improve credibility by requiring explicitly stated assumptions.

The breakout groups offered additional observations related to the role, benefits, and 

constraints of a conceptual model development process in the design of a monitoring and assessment program: 

· The collection of field data, in concert with modeling, is critical to the success of any proposed project, and programs must coordinate these two activities. 

· Any monitoring program needs to take into account the appropriate time scales of natural change.

· Management questions drive the information flow: they lead to actions (including regulation), system changes, and changes in stressors. 

· However, sometimes conceptual models are wrong, e.g., not including the effects of ocean conditions on bay/estuary/Delta fish species; thus it is very important to publicize and discuss models.

· CALFED needs to identify bottlenecks to progress.   For example, stressors have been identified, but not specific goals to reduce those stressors.  Thus, there is a need to define real-world possibilities, i.e., to ensure practicality. 

· Conceptual models of flow will be very important to CALFED decisions and will feed into adaptive management.

Question 2.  How have conceptual models been used in communicating with a range of audiences?

The breakout groups identified a number of issues regarding the communication of technical information and role that conceptual models, in a variety of forms, can play in this effort:

· Effective communication requires the development of a hierarchy of models for different groups, using different formats (e.g., detailed models for technical experts, matrices, box and arrow diagrams, cartoons, or combinations of these for non-technical audiences).

· Communication with the public and with resource managers is critically important to the success of any program involving environmental remediation or restoration. 

· It is important, early on, to convey what a large restoration program is all about and what commitments will be required.

· Effective presentation of technical information requires the designation of skillful communicators and the dedication of time and money; in particular, the media require simple summaries and graphics to convey difficult information to the public.

· Effective communication requires great care in avoiding errors of translation in the transfer of technical information from the people who collect and analyze the information to the people, including the public, who use the information.

· In communicating with managers and the public, there is a need to keep the highly technical elements to a minimum so that the message is understandable; most people are visual learners.

· There is need to incorporate and communicate hypotheses, but in non-scientific terms.

· It is important, for long-term credibility, to be honest about uncertainty.

· Audiences must be assured that the models are based on accurate information and that they reflect the true underlying principles as far as possible; thus there is need for review at all levels.

· Because of the need to involve the public, it will be necessary to focus in part on identifiable resources, e.g., Endangered Species Act- relevant species as indicators; that is, to show how species of concern fit into the “big picture”.

Question 3.  What are the appropriate scales for conceptual models, e.g., individual species versus ecosystem?

· It will be important to integrate all scales in a modular way, i.e., a hierarchy of models. 

· The development of competing or conflicting models, i.e., different approaches, perspectives, hypotheses, and the subsequent discussion that results, is an advantage in the achievement of long-term understanding; the public needs to realize how difficult the issues are.

· While the development of specialized models, e.g., species- or habitat-specific models that are not immediately linked, will be necessary, the achievement of an overall ecosystem approach should be the longer-term goal.

· Because we will always be communicating with a wide range of audiences, simple integrating “models”, e.g., the “Bernie Fowler sneaker” index, are helpful for communicating with the public.

PANEL DISCUSSION 

(Jim Bernard, Jan Newton, and Nick Aumen)

The Panelists were asked to address two questions in their remarks to the group:

1.
How do we reach consensus on where we are supposed to go when we do not have consensus on where we are; in other words, where do we begin given different levels of understanding of where we are now? 

2.
How do we address some of the problems associated with using conceptual models?

Jim Bernard noted that there are two ways to approach Ecosystem Management - the old way, which involves short-term management, or the new way which involves long-term management.  We need to be sure that we agree on the philosophy that we are espousing in terms of spatial scale (i.e., boundaries, regions, watersheds), role of people, resource management, economy, partnerships, regulation, enforcement, etc., all of which are important components of developing and implementing an ecosystem management program.

Jim said that we need to ask ourselves whether we really are, or really want to be an Adaptive Management program. He thinks that we are still in a conventional mode to some degree and that this probably will not work in the long term (e.g., seeking precise predictions versus uncovering a range of possibilities, minimizing conflict versus highlighting difficult issues, etc.).

In response to the suggestion that the costs of taking the adaptive management approach are much higher then the traditional approach, and that this needs to be fully recognized.  Jim acknowledged that the price tag would be higher but that we will get a better product.

When asked how to identify the appropriate time step before making a change in an adaptive management program, Jim offered the advice that we need to put the data points in the context of the life cycle of whatever it is we are interested in.  We also need to look at other factors that may be having an impact (i.e., sediment, flow).  We do not need to change the paradigm, but always look at the richness of data; there is often no set answer, and the process may be different for every species.  We need to rely on a number of indicators to determine success or how well we are doing.  We cannot pull one indicator out of the mix and use it exclusively.

The development of the CMARP is both a policy development process and a planning process.  Therefore, we need to use lots of tools including structured workshops, slide shows, compressed verbal descriptions, visual arguments, definition of alternatives, personal enthusiasm (versus a dispassionate view), invitations to provide assistance with alternative assessments (versus the pretense of superior knowledge).

Jim also said that we need to develop indicators that are tailored for the public, policymakers, and scientists (increasing condensation of data in developing indicators for public). We need to develop a collaborative-process road map for indicator development that includes multiple participants in the identification, selection, and development of indicators, and focuses on the relationships necessary to effectively achieve the goal of the effort. Therefore, we need to determine who needs to be involved, the role of the participants, the necessary intermediate activities, the products, and the results.  We also need to determine the timeframe and the resources necessary to achieve our goals.  Ultimately, we need a planning process for our planning process.

Jim said there are three things we absolutely need to have throughout the planning, development, and implementation phases:

1.
Communication among all tracks (i.e., indicators, CMARP, etc.).  Participants need to know how they fit into the big picture.

2.
A process design.

3.
Support from the top and political will.

Jan Newton began her comments in response to a suggestion that the scientist’s approach to ecosystem management may not be compatible with traditional manager’s approach.  She stated that she thinks the term ecosystem management may be misleading.  She asserted that we do not manage ecosystems - we manage people and their activities.  She thinks of management as being able to predict or control an outcome, and she does not think that we are capable of doing this. She suggested that what we really need is a comprehensive view of both the existing stressors and the system and human links to the stressors.  Then, we can determine how these activities are causing effects we do not want.  In other words, we need to dissect the system into pieces so that we can figure out how to manage human activities that are impinging on parts of the system by imposing a stressor of some sort.  At that point we can then make some determination of how the system might respond if an activity was regulated.

Jan made the following process suggestions for developing CMARP:

· Bound the system

· Delineate the stressors

· Formulate goals, objectives

· Develop conceptual models -- use to assess effectiveness

· Assess ecosystem risks

· Frame alternative solutions

· Circumscribe candidate indicators; apply criteria filter

· Monitor change through indicators.  

· Involve scientists and the larger community early on -- do not be insular! 

· Build support base from the beginning

Nick Aumen began his comments by identifying the problems that plagued development of the program in Florida:

· The South Florida Management District was viewed as arrogant by the outside community largely because they were forced to move at an unrealistic pace.  This pace led them to preclude input because of the fear that it would slow them down.

· They were using an unstructured, ad-hoc approach that was driven by the legislative and legal deadlines, which led to difficulties.

· They did not build a support base from the beginning.

Nick made a few suggestions that might help us avoid these pitfalls:

· Solicit more outside input

· Form standing working groups that gather once a year for several days to work intensively on a particular subject (e.g., associated with CMARP) and produce a product.  As a model for these working groups, look at the process used by the NCEAS - National Center for Ecological Analysis and Synthesis, San Diego. 

· Do not dismiss input from lay-people - be open minded and creative - draw new people into the discussion

· Develop a decision-analysis process or some other process to develop conceptual models to allow us to consistently explain what we are doing to various groups of people. The development of a good process will give people confidence in what we are trying to do

· Balance the need to get things done in the near term with a long-term approach including building an infrastructure (core in-house staff) and emphasizing partnerships (with academia, research entities, other entities that have overlapping missions)


Nick reiterated the importance of using professional facilitators, when possible, to run meetings.  To improve the effectiveness of committee activities, the South Florida Water Management District often formed sub-groups of the core group to do most of the work.  On this point, Jim suggested that we design a public involvement process with multiple avenues for input. He conceded that there is a high cost associated with working with large groups, but the cost of not involving people is larger.


In response to a question regarding “minority” or “dissenting opinion” in the group, Nick suggested that instead of reacting in a negative way to perceived “unwanted opinions”, the responsibility should placed on the group to come up with alternatives.


As far as dealing with the proprietary nature of data, Nick suggested that we come up with an agreement with the agencies and scientists generating the data that will allow their use by outside people but preserves the rights of the researcher to have priority in publication. He said that this has worked well in Florida and that there has been no stealing or scooping of data. 


Nick reiterated the importance of core, dedicated technical staff to do the work that needs to be done if we are to succeed, especially given the scale of the effort.  Some institutional backbone is also imperative; “process” cannot substitute for this.  On a cautionary note, we should be careful of holding too many meetings.


Nick suggested building a partnership program to enhance what researchers are doing (i.e., provide access to research dollars) to improve the timeframe and flow of information. He suggested allocating in-house technical staff members to be collaborators and co-authors on academic partnership projects that accomplish program objectives.


Jan pointed out some of the problems that we might run into as we use conceptual models to guide a multi-disciplinary effort:

· Failure to get buy-in

· Lack of enthusiasm for the process

· Getting lost  


Jan suggested some solutions and some questions that we should ask ourselves:

· Define the system rigidly, and have focus within the system

· Determine what we want to get from conceptual models

· Sketch out how the efforts of staff and agencies will fit into the development of conceptual models and decide what we want to accomplish with models.

· Identify strong and enthusiastic leaders who can define where we want to go -- people who can crack the whip and who will also listen

· Develop small working groups with different technical backgrounds and give them specific assignments 

· Be realistic in goal-setting to effectively and efficiently use time 

· Set aside intensive time to devote to the development of the substance of conceptual models

· Remember that any model will be dynamic in time and, therefore, needs to be placed in the public domain at an early stage

· Be happy with imperfection and uncertainty when developing conceptual models and indicators

· Do not reinvent the wheel; instead, borrow from the efforts of others and synthesize other knowledge, then build on that

· Focus on the process as much as the product 

· Communication and buy-in are extremely important

· Look at how people in other systems addressed problems, and learn from their experiences; determine how indicators for other systems may or may not be appropriate for our system.  


In response to a question about how we can improve and maintain productivity with large groups of people involved, Jan suggested that we set up both a smaller core group and a larger group for the planning process.  The core group should always present a product as a work-in-progress to the larger group, and then ask the larger group for input instead of presenting it as a final product. Jim added that we should get everyone’s input in the design phase, and then task a small group to do the next piece and bring it back to the large group for input, and so on, until the desired result has been reached. Jan suggested that facilitated retreats with social time built in are a good way of encouraging and maintaining good communication among participants.


As far as dealing with the continued use of, for example, estimates of anadromous fish production as the determinant of success, versus using a suite of ecological indicators to determine health and success, Jim responded that he thinks that NMFS and other agencies will have to continue to accept productivity numbers. Yet, over time he sees an eventual shift to using other indicators of ecosystem health as well. He acknowledged the manager’s difficulty that results from the fact that we are currently not monitoring for ecosystem indicators, but stressed that effective ecosystem management is a long-term effort -- a philosophy, a science, and an art!


In response to a comment regarding what is currently viewed as a fragmented approach to developing indicators, conceptual models, etc., and the need to bring all of the working groups together, Jim referred again to the Chesapeake Bay example.  He noted that all of the Chesapeake Bay subcommittees and working groups are well organized, and that there is a very coordinated scheduling effort. Jan suggested that CALFED could develop conceptual frameworks and linkages for all the workgroups so people know where they fit in - this would decrease insecurity among the participants and the public.


Summary comments included recognition that we have a lot to learn from the panel, and that we need to think about the process we are trying to model and then model it while, at the same time, being realistic.  We also need to do better at bringing in outside expertise, while retaining a healthy skepticism about the direct transferability of strategies and results from elsewhere.

WRAP-UP QUESTIONS POSED TO ALL WORKSHOP PARTICIPANTS

1.
WHAT ARE THE OVERARCHING CONCLUSIONS DRAWN FROM THE THREE CASE STUDIES? SIMILARITIES AND DIFFERENCES?

· Conceptual models are helpful and lead to success

· Conceptual models work at a variety levels

· We need to define target audiences

· We need to define the purpose of conceptual models

· We do not have to focus on correctness - mistakes are allowed

· The process of developing conceptual models is as important as the product

· Boxes and arrows do not work for complex systems – we should develop more complex conceptual models

· We should involve a wide range of people; critics are necessary

· Conceptual models should be problem- or question-based

· We need to define an appropriate organizational structure and process

· We need to maintain communication linkages with outside experts

· We need an appropriate amount of time

· Modelers should clearly articulate the limitations of their models

· Multiple models are good – we should look at where they conflict (consensus is not always necessary)

· No one is really using conceptual models as the basis for adaptive and active probing

· Conceptual models are not yet guiding monitoring programs

· Models should be used to expose uncertainties

The Panel was asked to define what we are missing in the Bay-Delta process:

· There are strong common themes between the study areas of the panelists and Bay-Delta

· Too much of a focus on monitoring - need to shift to experimental research & real modeling

· Look at all other ecosystem-level adaptive management processes (i.e., Spotted Owl, Columbia River, So Appalachia, Mid-Atlantic, Gulf of Mexico, Great Lakes, Yellowstone, Gulf of Maine) and figure out how well they integrated monitoring, research, indicators

2.
DO THE SPECIFIC MODELING EXAMPLES (Wim Kimmerer and Bill Bennett) PROVIDE DIRECTION FOR FUTURE CONCEPTUAL MODELING EFFORTS?

· Bill showed you can use conceptual models to make predictions, and also that you can use predictions to make conceptual models.

· Wim demonstrated the value of a 2-hr conceptual modeling exercise - we should all go through this exercise in whatever area we are currently working.

· Important to get these examples on paper

· Conceptual models can have great value by not being complete.

· Need to develop a comprehensive framework, not just modules, or we will lose a great deal.

· Everyone considers himself or herself some sort of conceptual modeler, so we might want to enlist an outside entity to keep us on track.

3.
GIVEN THE RESPONSES TO ITEMS 1 and 2 ABOVE, WHAT ARE YOUR RECOMMENDATIONS FOR PARTICIPANTS OF ON-GOING AND PLANNED CONCEPTUAL MODELING EFFORTS? (i.e., INDICATORS GROUP AND FUTURE WORKSHOPS)

· Keep complexity and precision on equal footing.

· Each group should try to surprise itself -- think outside the box  -- figure out different ways to develop and think about information.

· Need facilitator training for these groups -- same facilitation style, and level of effort for all workshops.

· Everyone should come to the table prepared to share his/her own thinking

· Decide whether we want a common theme for all workshops

· Get organized before hand and determine what want to get out of the workshops

· Keep in mind appropriate spatial and temporal scales.

· Workshops should start with someone presenting a conceptual model, and conclude with an assessment of the model

· Core team should state what it wants to see out of workshops

· Every workshop-planning group should seek outside experts

· Workshops should be carefully organized and targeted

· Do not exclude people who want to participate.

· Determine the universe of what we are dealing with - it is not just the workshop topics

· Need to identify and use the universe of models that are currently available

· Need to determine what things we want to model

· CMARP workplan should identify what conceptual models are desired for each component.

· Need to integrate with CALFED groups that are examining issues related to alternatives.

· There is time to design monitoring and research programs to help us draw conclusions

· Use conceptual models to make back-of-the-envelope predictions about what we know and do not know; this information should feed into the CALFED process.

· Monitoring programs can help link common programs to the Delta.

· Figure out how to get people to share (make explicit) the implicit conceptual models that are currently being used 

4.
IS THERE AN ORGANIZATIONAL STRUCTURE THAT WILL FACILITATE THE OVERALL MODELING EFFORT?

Time ran out before workshop participants could address this question.

5 OTHER SUGGESTIONS AS WE DEVELOP CMARP PROGRAM?

Host a CALFED science conference to share existing research with colleagues.
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