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1
Introduction

This paper presents a multicriteria model for group decision support of the scientific evaluation of marine use in the coastal zone management. 


Coastal zone management problems involve many, varied, and conflicting criteria, and governance systems involving many, often, conflicting participants. The coastal zone marine use process requires the consideration of multiple criteria characterized by the conflicting issues of sustainability and conservation of the marine ecosystem, while exploiting marine sites for commercial and socioeconomic value, as well as for marine recreational use. 

Spatial-temporal frameworks using geographic information systems (GIS) describe the characteristics of diverse resources and activities including traditional fisheries, aquaculture, and marine recreational use. The participants in this system include government scientific experts, government resource managers, industry representatives, coastal community leaders, First Nations peoples, and non-governmental organizations (NGOs). In many cases, these groups are fundamentally opposed to one another in their perspectives on what is most important for the coastal zone. However, potential conflict does not preclude the existence of a solution for siting aquaculture in the coastal zone. 


This paper models a specific group marine use decision making problem and develops a dynamic decision model for supporting the group evaluation of the multicriteria objectives of the coastal zone planning problem involving the leasing of aquaculture sites in the coastal zone. The decision model presents a staged interactive preference tradeoff system corresponding to and in support of the actual stepwise process for the scientific evaluation of proposed applications for marine site use in aquaculture. 

2
Methodology
The modelling process involves setting stages for an initial analysis of efficiency and potential veto of the original marine use proposal. The initial stage decision is modelled using data envelopment analysis, DEA (Charnes et al 1978) for determining marine use efficiency in comparison with the set of existing aquaculture sites. This is followed by an efficient site generating procedure whereby influential quantitative and qualitative aspects of the proposal are explored and incorporated (as indicated by the decision makers) in the efficient neighbourhood of the initial site. The resulting suite of acceptable efficient sites is ranked using the analytical hierarchy process, AHP (Saaty 1980) for determining the relative importance of alternative marine use options.  

3
Application
The multicriteria decision support system is applied to the group evaluation of local marine sites under alternative use policies for Grand Manan Island, New Brunswick, in the Bay of Fundy region of Atlantic Canada. This case involves decision-making processes that include conflicting use of coastal zones sites for aquaculture fish farms, for traditional commercial fisheries, or for recreational activities (Zhao et al 2006). The concern of this paper is the role and involvement of the group decision making members leading to the actual assignment of the marine site lease for aquaculture development (Canada 2004). 


The New Brunswick Department of Agriculture, Fisheries, and Aquaculture (DAFA) is the agency that holds jurisdiction to issue a lease to support aquaculture operations, whether inland or in the Bay of Fundy. Prior to according the lease, scientific analysis is reviewed with characteristic input about the spatial-temporal characteristics of the site leading to a final recommendation made by the Aquaculture Site Evaluation Committee (ASEC). Apart from the applicant, federal (e.g., the DFO) and provincial government agencies (DAFA), members of the public and private associations are implicated in the group review and evaluation process toward obtaining a lease for an aquaculture site. The following steps outline the step-by-step multicriteria group decision support process.  

3.1
Step 1 - Initial test for site efficiency
An interagency review is initiated by DAFA to receive comments and concerns from consultations with other government departments.  At this stage the application can be vetoed, causing termination of the application process.  

This step is modelled as a search for efficiency among the new and existing aquaculture sites. A DEA and a super-DEA model are formulated for each group member from the input-output characteristics of the proposed and existing aquaculture sites based on the multi-dimensional spatial description of the marine sites. Results of the individual group results are pooled to determine overall efficiency of the alternative proposed.

3.2
Step 2 - Review modifications to the site
If the application survives interagency review, i.e., the DEA analysis of Step 1 deems the original site application as efficient, then the ASEC reviews the application, taking into consideration the interagency review outcomes as well as comments and concerns solicited from community organizations and the public at large. 

Influence inevitably exerted upon ASEC by the public comments and concerns originating from each of the group members, cause modifications of the original site option. These modifications are incorporated into a suite of generated alternative aquaculture sites. 

3.3
Step 3 - Final scientific recommendation
ASEC makes a final recommendation to accept or reject the aquaculture site application based upon the totality of facts and concerns, and alternative site options that were generated in Step 2. 

The alternative site options are ranked using information about pairwise comparisions of the decision hierarchy defined by the spatial-temporal characteristics of the sites. The pairwise comparisons are analysed using group AHP (Saaty 1980) through the Expert Choice software (Expert Choice 2005). 

Group decision making methods are applied including (Ozer 2007): (i) combined AHP methods (geometric means applied to all individual group inputs); (ii) weighted individual AHP outputs; (iii) group self-evaluation of each of the decision makers vis-à-vis each other’s importance to the decision hierarchy; and (iv) fuzzy methods (for the case of uncertain pairwise comparison feedback). 

Feedback from the decision analyst to a series of contextual questions, focuses on the relative pertinence of particular group decision making methods. Responses indicate the preferred group decision making method for application to the problem. 

4
Results
The results of the group decision support system indicate that the procedures are linked and provide timely information to decision makers on the appropriateness of the method used. Moreover, the opportunity to generate alternative efficient options (Hammond et al 2002, Keeney 1992) renders the support system flexible, feasible and thereby, more attractive to the overall group decision making problem for the aquaculture lease appraisal and assignment system. 

Acknowledgements 

The authors acknowledge with thanks the assistance of the Department of Fisheries and Oceans, St. Andrews Biological Station, and, in particular, Drs. R. Stephenson and F. Page. The work on this paper is supported by a grant from the Network Centre of Excellence, AquaNet to D. Lane and collaborators, and a Discovery Grant to D. Lane from the Natural Sciences and Engineering Research Council (NSERC) of Canada. 
References

Canada. (2004). A Policy Framework for the Management of Fisheries on Canada’s Atlantic Coast. Department of Fisheries and Oceans Canada. Ottawa. March. 46p.

Charnes, A., Cooper, W.W., and Rhodes, E. (1978). “Measuring the Efficiency of Decision Making Units”, European Journal of Operational Research, 2, 429-444.

Expert Choice. (2005). Expert Choice 2000.  http://www.expertchoice.com/software/.
Hammond, J.S., Keeny, R.L. and Raiffa, H. (2002). Smart Choices: A practical guide to making better life decisions. New York: Broadway Books. 
Keeny, R.L. (1992). Value-focused thinking: a path to creative decision making. Cambridge, Mass: Harvard University Press.

Ozer, I. (2007). Multi-criteria Group Decision Making Methods and Integrated Web-Based Decision Support Systems. M.Sc. Thesis. Master’s Program in Systems Science, University of Ottawa. 

Saaty, T.L. (1980). The Analytic Hierarchy Process. New York: McGraw-Hill.
Sutherland, M., Zhao, Y., Lane, D., Michalowski, W., Stephenson, R., Page, F. (2005). Estimating Marine Cumulative Effects Using Spatial Data. School of Management PRISM Working Paper, WP05-21, 22p.

Zhao, Y., Lane, D.E., Michalowski, W., Stephenson, R.L., Page, F. (2006). “Integrated Systems Analysis for Coastal Aquaculture”. Proceedings of the 4th World Fisheries Congress, Vancouver, B.C., June. 25p. To appear.
