 Ecosystem Service Modeling, Valuation, and Tradeoff Analyses in Support of Integrated Multi-Use Ocean Management in Massachusetts
A scope of work for the National Center for Ecological Analysis and Synthesis
In partnership with the MIMES/MIDAS research team
Introduction
In the Fall of 2008, a research team at the National Center for Ecological Analysis and Synthesis (NCEAS) at the University of California Santa Barbara (UCSB) submitted a proposal in response to the Massachusetts Ocean Partnership’s Request for Proposals for “Spatial Modeling and Decision Support in Support of Integrated Multi-Use Management in Massachusetts.”  In the summer of 2009, the PIs for the proposal had several meetings with MOP to discuss revisions to the proposed scope of work based on emerging MOP priorities and coordination with a modeling team from Boston University and collaborating institutions (hereafter MIMES/MIDAS team).  

Based on those discussions, we propose a program of spatial data integration, modeling, and decision tool programming to support integrated multi-use ocean management in Massachusetts based on the economic value of a suite of key services provided by marine ecosystems. We will do this by executing nine tasks in coordination with the MIMES/MIDAS team, beginning with an identification of priority uses and the ecosystem services from which they benefit, including GIS and spatial analysis for each ecosystem service, progressing through the development of ecosystem production functions for key ecosystem services and models for the valuation of those services, all to be integrated into MIMES-based ecological economic dynamic models with ecosystem services as output parameters, and then culminating in a user-friendly decision tool, MIDAS, that captures the essence of the trade-off dynamics revealed in MIMES. The proposed project period is through December of 2010 (16 months assuming start in September 2009). 
Our products will provide a nucleus to grow into a powerful and comprehensive, science-based Massachusetts ocean decision tool. The new capabilities will include the capacity to appreciate the spatial and temporal distribution of tradeoffs and their intensities, to compute tradeoff functions in terms of alternative ecosystem service yields, and to explore the consequences of alternative decision scenarios through a user-friendly computer simulation interface. The core of our contribution, however, is the exploration of the nature of use and resource tradeoffs that impact in one way or another upon the ecosystem that supports all stakeholders and all enterprise tied to Massachusetts state waters. The results of differential decisions can be expressed in terms of a dollar value, but the option is open to experiment with other currencies (e.g. health, happiness, social and cultural integrity, etc.). Our economics are ecological, taking stock of ecosystem service yields that include traditional commodities along with the externalities and opportunity costs so often overlooked in classical economic models.
This NCEAS effort is emergent from modeling efforts for case studies along the U.S. west coast: (1) conservation and fisheries trade-offs in central California, and (2) wave energy, fisheries, and property value tradeoffs along the Oregon coast.  The proposed scope of work leverages the experience from both of these pilot studies, and is designed to be part of an ongoing give-and-take with the products of the MOP Planning Framework group and the EEA planning team, as part of a communal effort to help the Commonwealth advance the science to implement ecosystem based ocean management under the Massachusetts Oceans Act of 2008. We hope also to work closely with additional parties recruited by MOP to assist with socioeconomics and specialty areas, so that the new models and tools that we develop reflect a synthesis of all current knowledge relevant to ocean management in Massachusetts. We also look forward to opportunities to join stakeholder meetings, and when appropriate, to lead participatory modeling exercises that enable us to capture the vision and trade-off preferences of the stakeholder community more accurately.

The following nine tasks have been developed in consultation with MOP and the MIMES/MIDAS modeling team, with the goal of having a consistent, comparable and coordinated work plan for both the MIMES/MIDAS and NCEAS modeling teams.  Specific tasks will have variable levels of effort from each team depending on experience and research interests.  Deliverables and timelines may also differ based on different approaches to each task.   This arrangement will provide MOP with a cost effective approach for advancing the science of ecosystem service quantification, valuation and tradeoff analysis in support of integrated and ecosystem based management of the Massachusetts coastal ocean.  

Scope of Work 
Note:  Deliverables are assigned to the team primarily responsible for execution of the task.  In 
some cases, both teams are responsible for the execution of the task (identified as 
“COMBINED”).  Due to the nature of the work, deliverables identified in this scope are  
meant to be generally representative of the types of products that will be developed and 
transferred to MOP.  Deliverables will be further scoped and detailed on an ongoing basis 
to address emerging science and MOP/EEA priorities.  
Note:  In addition to these nine tasks, the NCEAS team will have bi-weekly calls with MOP to discuss project progress and monthly coordination calls with the MIMES/MIDAS modeling team and MOP.  

Sub-Task A:  Parsing the Problem - list of use clusters for analysis 

In consultation with MOP and EEA and coordinating with the MIMES/MIDAS team, we will identify “hot” use clusters drawn from the Compatibilities Chart produced by the MOP Planning Framework Group, derived from our cumulative impacts analysis, and/or identified by EEA during the MA ocean management planning process.  A “hot” cluster is a small group (2-5) of human uses whose joint activities exhibit especially strong conflicts and/or synergies and demonstrate the various benefits provided by ocean services. These use clusters will provide the focus for the development of the dynamic ecological economic models and ensure that the decision tool informs practical tradeoff decisions.

Deliverable (COMBINED):  

List of use clusters provided to MOP/EEA

Schedule:  

Completed two months after project initiation (end of month 2)

Sub-Task B:  Identify services, data needs, and geographical foci for subsequent deliverables

Here we establish the (qualitative) relationship between uses, and the specific set of ecosystem services that support each use.  This is essential groundwork for assessing the trade-offs among services, and ultimately uses.  Here too we identify the data requirements for each use cluster analysis, and a specific example in the MOP area to use as a case study for that use cluster.  

Deliverables (COMBINED):  

1. A document describing the relationship between uses and the ecosystem services that support each use for each use cluster identified in Task 1.  These descriptions will be qualitative (i.e. not formal production functions; which are addressed in Task 5 below). This will include a definition and description for each ecosystem service to ensure common terminology and understanding among MOP/EEA teams.  

2. Identification of a geographic focus for each use cluster to be used as a case study

Schedule:

Completed one month after Task 1 deliverable (end of month 3)

Sub-Task C:  Ecosystem Service Valuation

This task will be led by led by the NCEAS modeling team, who will be responsible for providing the deliverable.  The MIMES/MIDAS modeling team will participate in valuing ecosystem services through identification of cost benefit analysis and valuation studies developed elsewhere, and understanding the potential for those results to be transferred to the planning area and/or the region The combined modeling teams will determine the optimal geographic extent to understand the value of each ecosystem service based on existing valuation studies.  Each service will likely require different valuation methods, e.g. derived from market data, willingness-to-pay surveys, or models based on similar data from other regions    The combined teams will also identify those ecosystem services that have limited valuation data and recommend a series of valuation studies to fill the most critical data gaps. 

Relatively few services have market (i.e. monetary) value, although they are extremely valuable to people.  A strength of this overall project is that the methods allow for services that are valued in very different currencies (e.g. dollars, spiritual, aesthetic) to be directly compared.  Where possible we will produce results in monetary units.

Deliverables (NCEAS lead): 
1. A document describing the unitized values in dollars or alternative social or cultural currencies, of the focal ecosystem services identified in Task 2 within the planning area or the northeastern region. The document will describe how these values were developed including appropriate references to the literature upon which the analysis is based. 

2. A spreadsheet or database of all studies and models utilized to inform each ecosystem service value. 

3. A recommendation of two to four valuation studies that would fill data gaps for the most critical ecosystem services.  

Schedule:

Completed four months after Task 2 deliverable (end of month 7)

Sub-Task D:  Mid-Course Working Session
A working session will be held with appropriate MOP/EEA staff and consultants to share and review the deliverables from tasks 1-3, discuss progress on the development of ecosystem service production models in Task 5, and to initiate discussions to shape development of tradeoff functions.  This will provide the first opportunity to get input on the project as a whole and begin thinking about tradeoffs.

Deliverable (COMBINED): 
1. A document summarizing the major themes of the working session, including comments on the initial products and the teams’ response or plans for addressing those comments.

2. A set of recommendations to guide the development of ecosystem service tradeoffs functions for each use cluster.  

Schedule:

Completed by the end of month 8

Sub-Task E:  Ecosystem Service Production Models
For those services and uses selected in Task 1, the two teams will independently (but in a coordinated manner) develop production models that describe the extent to which ecosystems in different states deliver different levels of ecosystem service(s).  The MIMES/MIDAS team will approach this task from the more complex and accurate but more time-consuming direction of developing one or more MIMES models.  These models incorporate coupled ecological-oceanographic-socioeconomic models and parameters.  The NCEAS team will approach this task from the opposite end of the complexity spectrum, focusing on simpler but more rapid methods.  These methods use simplified models and basic assumptions about relationships to relatively quickly produce production functions.  The effort here includes new modeling, incorporation of MIMES components and ‘simple’ production functions developed in earlier projects, model testing, and sensitivity analysis.  The two teams will also hold a working session to present the models, receive feedback, and compare/contrast output to find ‘sweet-spot’ of model complexity.

Deliverables (COMBINED):  

1. One or more MIMES ecosystem service production models produced for each use cluster identified in Task 1.

2. One or more simplified production functions based on uncoupled models

3. A working session to demonstrate the ecosystem service production models and a summary of comments and recommendations and responses to those comments

Schedule:

Concurrent with Task 3, completed by the end of month 12

Sub-Task F:  Tradeoff Functions and Tradeoffs Working Session
The MIMES/MIDAS modeling team will participate in a working session led by the NCEAS modeling team to assess key tradeoff relationships.  NCEAS will use spatial data on ecosystem service delivery and valuation to produce tradeoff relationships, which will be discussed and critiqued in this working session.  These trade-off functions can then be inserted into MIMES/MIDAS models, or developed de novo from those models once output is available.  Trade-off analyses essentially explore the full set of possible management scenarios (i.e. modify the amount of each service produced from each unit area), in turn producing an ‘ecosystem services frontier’ where a system is optimized for delivery of a chosen set of services.  A key component of this task is to identify the appropriate geographic scope so that the output is tied to the concrete management decisions at hand.. 

Deliverable (NCEAS lead):
1. An initial set of tradeoff functions and associated preparatory materials for the working session

2. A summary of working session proceedings, including recommendations to improve each tradeoff function

Schedule:

By the end of month 13

Sub-Task G:  Create ecosystem service production output maps and scenarios for alternative policy options
All earlier results are applied to the production of visualizations of the consequences of alternative policy options (e.g. sliding along an ecosystem service trade-off axis from one extreme to the other).  The production functions that are used to produce these maps will vary in complexity, as described above, for the NCEAS and MIMES/MIDAS teams, and will therefore produce maps and scenario results that differ in informative and useful ways, i.e. what is gained and lost by changing model complexity.  Because the tradeoff analyses produce quantitative estimates of changes in value (dollar or otherwise) for a given amount of ecosystem service production, these maps can also be used to evaluate spatial differences in the costs and benefits to different planning regions (and user groups for those regions).  These results will not have the precision to guide exact economic analyses but will be powerful tools for evaluating relative differences and likely economic and policy consequences of management decisions.
Deliverables (COMBINED):  

1. Ecosystem service production output maps and scenarios for alternative policy options for each use cluster developed in consultation with MOP and EEA.  These can then be compared to the full set of options and the ‘ecosystem services frontier’ (from Task 6) to search for ways to tweak scenarios to improve them.

2. Data, models, valuation methods, and tradeoff curves submitted for each use cluster  

3. One combined summary document describing the output maps and scenarios for alternative policy options for each use cluster with a description of the data, models, and valuation methods utilized to inform those scenarios.  The document should also identify and prioritize additional research necessary to advance ecosystem service quantification and tradeoff analyses for each use cluster.  

Schedule:

Completed by the end of month 15

Sub-Task H:  MIDAS model development
Marine Integrated Decision Analysis System (MIDAS) was originally developed to provide a means of transferring, from scientists to stakeholders, knowledge about policy trade-offs compiled from theory, spatial and other types of data, and dynamic models. It was also designed to allow managers to input locally appropriate values for parameters known to influence the success of area management schemes, as a way of visualizing the advantages and challenges that they likely faced in their own home area. MIDAS serves as a graphic end-user interface between complex (and sometimes inscrutable) dynamic research models like MIMES, and the questions and needs of local managers and stakeholders, the vast majority of whom are non-scientists.

Marine Integrated Decision Analysis System (MIDAS) is an existing graphic-user interface decision tool, but it needs to be redeveloped for the MOP applications.  This will be done through an initial stab at the retooling, followed by a mediated modeling working session, a second round of adjustments, a second working session, and then a fine-tuning adjustment. The MIMES/MIDAS team will customize the MIDAS architecture and data to the MOA management planning area, and tailor the input and output panels to local needs and preferences as expressed in meetings and workshops. The NCEAS team will provide their ‘simple’ production functions and valuation models to be used in one version of model output.  This Massachusetts MIDAS will make the results of complex analyses available to the user, and represent the relationships between policy options and social/ecological outcomes in an easy to grasp, graphic simulation mode. 

To achieve this objective, the MIMES/MIDAS team will: 

8A. Transfer GIS data to MIDAS: 
Incorporate GIS data layers relevant to MIDAS including ecological, marine, fisheries, land use, watershed and other layers. Spatial analysis using map algebra will yield more relevant spatial data; for e.g. risk across the coastal and marine areas has to be computed based on many factors in MOP database. Kerry Lagueux (NEAq) will direct this stage. 

8B. The MIDAS simulation will be programmed based upon the key relationships, processes, and trade-offs identified during the creation of the spatially explicit MIMES model (Tasks 3, 5 and 6), in coordination and collaboration with the NCEAS team. The transfer from MIMES to MIDAS will be carried out by Boemans (UVM), Roman (UVM, NEAq), Kaufman, and Gopal. 

8C. The MIDAS graphic user interface will be recast as a decision support tool for Massachusetts waters based on data from GIS and dynamic modeling via MIMES, to integrate management across sectors, resources and agencies. MIDAS provides a flexible architecture that enables us to make modifications for each region related to critical determining factors, relevant outcomes, and GIS and remote sensing data that are captured by Java imaging tools. MIDAS does not require a specific operating system since GIS will be delivered via ArcIMS web GIS tool. This tool will help managers, users and other stakeholders to evaluate the outcomes resulting from the complex interaction of ecological and socio-economic factors. The MIDAS product will reside in the MOP offices at Boston University and will be mirrored and maintained at Boston University via our outreach efforts after the grant expires. This part of the proposed work will be undertaken by Suchi Gopal and her team at Boston University.

Deliverables (MIMES/MIDAS lead):  

1. An initial MIDAS graphic-user interface developed to visualize the results of alternative policy scenarios in Task 7.  

2. An initial MIDAS working session to discuss revisions to existing visualization tool.  Working session deliverables to include a summary of working session proceedings, recommendations, and of subsequent adjustments to MIDAS.

3. A second MIDAS working session to review a revised visualization tool.  Working session deliverables to include a summary of working session proceedings, recommendations, and of subsequent adjustments to MIDAS

4. A final MIDAS graphic-user interface developed to visualize the results of alternative policy scenarios in Task 7. 

Schedule:

Concurrent with other tasks through the end of month 15

Sub-Task I:  Final working session 

The combined team will host a final working session to discuss the final products and to assess role of the new tools in Commonwealth ocean adaptive management.  This session will invite critique of this project’s products, and an assessment of next steps to produce science best suited to the ocean policy and planning needs of the Commonwealth.

Deliverables (COMBINED):  

1. All working session materials provided to participants sufficiently in advance of the meeting

2. A summary of working session proceedings and recommendations, including suggestions for the advancement of ecosystem service science and implementation in ocean resource management and planning.

3. After the working session, at least two journal articles describing the development and application of the ecosystem service models, trade-off functions, and/or visualization tools submitted for publication and peer review (at least one from each team)

Schedule:

Completed by the end of month 16

