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The marine ecosystem provides a broad spectrum of services for a wide array of 

user groups.  Such broad use of marine resources often results in use conflicts between 

ecosystem elements and human interests.  To help mitigate these conflicts, the Bayesian 

Analysis for Spatial Siting (BASS) tool was developed to incorporate both environmental 

modeled data and subjective stakeholder input while tracking, maintaining and incorpo

rating uncertainty around both data types.  The BASS tool is intended to support marine 

spatial planning decisions where a wide range of potential user groups have interests that 

conflict regarding siting decisions. 

The BASS tool incorporates an initial set of twelve (12) Bayesian Belief Network 

(BBN) models to provide information on ecosystem and economic services such as habitat 

suitabilities, device suitabilities and usage pressures which include commercial fishing and 

recreation activities.  These models use environmental data as inputs and return suitabil

ity values for potential locations in a near real-time on-request basis.  BBN methods were 

selected for this system to take advantage of their intuitive structural components as well 

as their ability to incorporate and track uncertainty through the modeling process.  

Stakeholder input is collected in the system using a subset of software from the 

AccordTM decision support system by Robust Decisions, Inc.  This system uses an intui



 

tive two-step data collection method to quantify stakeholder values regarding the decision 

making process.  In the first step, stakeholder participants rank the decision measures, 

both modeled and subjective, in terms of importance.  This ranking scheme allows for 

weighting later in the process where exploration of the results may require an understand

ing of stakeholder priorities.  The second step uses another component of the AccordTM 

system called the Belief Map© to collect the stakeholder’s levels of satisfaction and cer

tainty regarding subjective decision measures. 

Finally, using an online user interface, the BASS tool allows a decision manager to 

explore the output data for the sites in terms of both the modeled and stakeholder deci

sion measure values.  Additionally, the user can view the tool output with the weighting 

structure of the various stakeholders to better understand the priorities held by different 

groups.  This method allows a decision manager to better understand the character of a 

decision and guide its progress toward a resolution that best addresses the most important 

elements of the process. 
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   1.0 Chapter 1 - Introduction 

In 2010 the Bureau of Ocean Energy Management (BOEM), as an agent of the 

National Oceanographic Partnership Program (NOPP), funded a joint effort between 

Parametrix, Inc. (a private firm), the Active Tectonics and Seafloor Mapping Lab (College 

of Earth, Ocean and Atmospheric Sciences, Oregon State University) and Robust Deci

sions, Inc. (a private firm) to develop a marine spatial siting tool for wave energy technol

ogy development.  The focus of the effort was development of a tool that could incorpo

rate both modeled information and more subjective stakeholder input.  The flexibility 

of Bayesian methods provided a mechanism to incorporate both of these disparate data 

types.  In accordance with this Bayesian methodology, and the tool’s intended uses, it is 

named the Bayesian Analysis for Spatial Siting (BASS) tool. 

To support modeling, the BASS tool incorporates an initial set of 12 Bayesian Be

lief Networks (BBNs) built around conceptual models developed in a collaborative effort 

between Parametrix, Inc. and Aquatera Ltd. for the Oregon Wave Energy Trust (OWET) 

(Halsey and Radil, 2012).  BBNs provide an intuitive method to meld expert knowledge 

with observational data as a means to both develop a model’s structure and revise prob

ability distributions across model input and output parameters.  Use of BBNs with the tool 

can be accomplished in one of two ways, the first allows for a point by point analysis of 

suitability and uncertainty in an evenly spaced grid across a region of interest.  The output 

for this first method is a set of spatial raster datasets illustrating the spatial suitability and 

uncertainty for the modeled parameters.  The second method for using the tool incorpo

rates a Bayesian counting learning algorithm to revise probability distributions within the 

nets and arrive at a distilled suitability and uncertainty value set that represents the condi

tions of each site.  This output allows side by side comparison of multiple sites in similar 

terms. 

Models are accessed through a model-run request service on a server at Oregon 
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State University (OSU) which uses Hypertext Transfer Protocol (HTTP) Post requests to 

send instructions in extensible markup language (XML) format which specify variables 

such as site names, site bounds, desired models, and granularity of analysis.  Elements of 

a software package called AccordTM, by Robust Decisions, Inc., were adapted to collect 

stakeholder input and to perform the final fusion of modeled data and stakeholder input.  

The BASS user interface is housed on a server at Oregon State University where it will re

main for future use, research, and development.  As opportunities for tool use and testing 

are identified, OSU will facilitate such decisions on a trial basis in order to further develop 

the tool.  The BASS tool represents a new approach to decision support in marine spatial 

planning and this thesis aims to describe the concepts behind its use as well as its place in 

the broader context of decision support tools. 

1.1 Erhardt’s Contribution to the Project 

The primary question being addressed in Erhardt’s thesis research is: 

How can we automate the input of spatial data into a modeling framework to pre

dict spatial suitability for ecosystem services? 

Development of the BASS system presented several interesting hurtles and while 

Erhardt was involved to some degree with many of them, the investigation of the afore

mentioned thesis question lead to the bulk of Erhardt’s contribution to the BASS project.  

The remainder of this section aims to discuss this contribution in detail. 

The BASS tool uses a program called NeticaTM, by Norsys Software, Inc., to build 

and run Bayesian belief networks (BBN) for environmental modeling.  NeticaTM provides 

an intuitive graphical user interface (GUI) for construction and operation of BBNs.  BBN 

construction occurs in the BASS project through use of conceptual diagrams as blueprints 

to develop the model structure.  Once the structure has been completed, relationships 

between the variables in the models are defined through expert opinion. 



3 
While use of the NeticaTM GUI to perform these tasks is convenient for desktop 

applications of Bayes networks, the BASS tool is intended to be a semi-automated applica

tion which can receive and process requests for analyses without any direct interaction 

with the development team.  This meant that analyses needed to be automated in a way 

that incorporated spatial data as inputs and performed a standard set of operations.  The 

first challenge here was to identify a programming language that would provide access to 

both NeticaTM, for running the Bayesian Belief Networks, and ArcGIS, for performing the 

spatial work. 

ArcGIS provides a single application programming interface (API) to interact with 

its internal functionality through a library called Arcpy accessible from the Python pro

graming language.  The Arcpy library provides programmatic interaction with most of the 

geospatial functions available in the ArcGIS GUI.  NeticaTM provides several API options 

for interaction with the software.  These include Java, C, C#, Visual Basic/Component 

Object Model (COM), C++, Matlab and CLisp.  Additionally, at least one library has been 

independently developed for interaction between the statistics package ‘R’ and NeticaTM, 

though it is not supported by Norsys.  Unfortunately, ArcGIS and NeticaTM do not share a 

common programming interface which necessitated the development of a method to pro

vide a go-between for these two software packages.  In looking through available Python 

libraries we identified those that provided interaction with available NeticaTM API’s.  The 

three that seemed most hopeful were Java, C, and COM as these three interfaces seemed 

to have well documented python libraries. 

Both Java and C represent standalone programming languages which can be built 

and compiled to run a wide variety of functions or methods.  To use these languages in the 

BASS system one would need to write code in the specific language and call a compiled 

file to run those functions.  The COM interface is an underlying framework in the Mi

crosoft Windows operating system that is built to provide intercommunication between 
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libraries within the system.  This ability to navigate the underlying structure of the Win

dows OS for the purpose of connecting processes made the COM interface an attractive 

option for BASS. 

As NeticaTM can work directly through COM, the task then transitioned to finding 

a Python module through which to interact with COM.  One popular library for interact

ing with the COM system is Pywin32 which contains a COM interface module called win

32com.  This module allows code to call outside packages and pass commands through 

the COM structure.  Once this library was identified, experimentation in communications 

with NeticaTM from Python began.  

The commands available through the COM interface of NeticaTM closely mimic 

those available through the C-API which Norsys has thoroughly documented, though the 

syntax is not always compatible.  The desired processing steps were identified within the 

C commands and were converted to COM one by one.  When roadblocks arose, Netica’s 

support staff, Brent Boerlage, provided technical support.  Mr. Boerlage provided an 

unpublished cross-walk table showing equivalent functions in each of the API languages.  

This spreadsheet helped with some of the basic syntax but often lacked details relating to 

tool implementation which resulted in further consultation with both Netica’s support 

and Dr. Jim Graham, at OSU, who were able to help out where syntax issues made the 

process more difficult.  In concert with the development of code to operate NeticaTM using 

the win32com library, a series of scripts were developed using the Arcpy module to run 

ArcGIS, sample geographic raster datasets, and prepare data into formats that could be 

processed as inputs for the NeticaTM code. 

One goal of BASS was to develop a system that could receive instruction sets and 

perform a set of tasks unaided by the development team.  To support this goal, the code 

was written in such a way that a concise set of instructions could be sent to the code to 

run a complete set of analyses.  Working with Chris Romsos an instruction template was 
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developed using an Extensible Markup Language (XML) format.  The BASS code was 

installed on a server which listens for Hypertext Transfer Protocol (HTTP) Post Requests 

containing the XML instruction packet. 

Another component of the tool is an open source web framework called Django 

which couples with Apache in the BASS tool to provide a mechanism for running Python 

code in accordance with online requests submitted over a web service.  To a lesser degree 

Erhardt assisted Romsos on network implementation of the code which was handled us

ing this Framework. 

Working through this project provided insight into the inner workings of a joint 

academic/private industry process funded by a federal entity.  The various levels of in

volvement and participation throughout the group presented an interesting dynamic that 

was unlike any team I had ever worked with before.  Some participants had a strong grasp 

of the practical applications of the tool and the directions it should go while others were 

more focused on the technical elements of making it work.  While strong personalities 

and opinions may have resulted in frustration along the way, the experience of working in 

this team environment was enlightening and rewarding. 
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2.1    Introduction 

Marine Spatial Planning (MSP) is a process which analyzes and allocates the 

spatial and temporal distribution of human activities in marine areas to achieve ecologi

cal, economic, and social objectives which are usually specified through a political process 

(Douvere and Ehler, 2009).  This process is often hindered by lack of information, uncer

tain information, or competition between user groups.  As a result, a wide variety of deci

sion support systems (DSSs) have been developed to promote efficient use of marine space 

and resources, while reducing use-use and use-ecosystem conflicts (Coleman et al., 2011). 

The ‘spatial’ component of marine spatial planning often leads to DSSs which focus heav

ily on geographic information systems (GIS) to visually display model results and evaluate 

site choices (Coleman et al., 2011).  While GIS based systems provide a good means to vi

sualize spatial datasets and perform some spatial calculations, their limitations for analysis 

and propagation of uncertainties make consideration of other methods appropriate. 

Bayesian belief networks (BBNs) have become a popular means for ecological 

evaluation and their usage in a spatial context has been demonstrated in several fields to 

model ecological support functions and other interactions useful for decision support 

(Dlamini, 2010; Hicks and Pierce, 2009; Lockett, 2012; Stelzenmuller et al., 2010).  The 

Bayesian Analysis for Spatial Siting (BASS) tool uses BBNs to describe inferred causal 

relationships between environmental variables and spatial site suitabilities.  These models 

(Appendix A) form the basic analysis kernels for the environmental elements of this DSS. 

MSP decisions are a matter of societal choice; as a result, stakeholder participation 

is integral to the success of decisions pertaining to the marine ecosystem.  Depending on 

the scope of the decision, the level of stakeholder participation is variable, in some cases 

stakeholders provide background information while other scenarios include stakehold

ers as active participants in the decision making process (Pomeroy and Douvere, 2008).  

The BASS tool provides a structured framework to collect and incorporate stakeholder 
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input as active participation in the decision making process.  Uniquely, the BASS tool uses 

probabilistic Bayesian principles to combine modeled BBN suitability predictions with 

stakeholder viewpoints to create a hybrid output which informs spatial siting decisions. 

Bayesian methods 1) allow the incorporation of uncertainties associated with the 

reasoning process, 2) are relatively insensitive to patchy data, 3) allow multidimensional 

types of information, and 4) provide a means to include rules that govern relationships 

between variables through the use of conditional probabilities.  These methods allow per

sistence of uncertainties around knowledge regarding variable values and the probabilities 

of variable findings which have significance in analysis calculations (Stassopoulou et al., 

1998). The BASS tool uses these principles to incorporate uncertainty in the prediction of 

suitability where Bayes nets are used for calculations. 

The main principle behind Bayes theorem is that we can modify prior knowledge 

with newly acquired information to arrive at a revised posterior probability.  Bayes Theo

rem, in its common form, is: 

Where P(B|A) represents a likelihood function which describes the probability of 

the observed data arising from the hypothesis.  The P(A) term is known as the prior prob

ability and represents the state of our knowledge before any new data is considered.  This 

term can be derived through data analysis or, when data are not available, can be specified 

through expert knowledge.  Historically, the specification of this term has represented one 

of the primary points of tension regarding these methods.  The P(B) term in this function 

operates as a normalizing factor.  Finally, the P(A|B) term represents the posterior prob

ability which is the revised probability of event A, after consideration of newly acquired 

information (Loredo, 1990; Olshausen, 2004). 
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Bayesian methods have endured an interesting history which included long peri

ods of skepticism and persecution punctuated by seemingly brilliant success.  While the 

validity of Bayesian statistics remains disputed by some, the use of Bayesian principles 

has become widespread and accepted throughout a range of disciplines (Loredo, 1990; 

McGrayne, 2011).  These span from benefit cost analysis for studies in health care policy 

(Ades et al., 2006), to evaluation of methods in genetic analysis (Stephens and Donnelly, 

2003) to internet traffic analysis for network communication demand predictions (Auld 

et al., 2007).  The use of these principles in natural resource management has become 

increasingly popular (McCann et al., 2006) and the application of Bayesian methods to 

spatial datasets have been demonstrated in recent years (Dlamini, 2010; Hicks and Pierce, 

2009; Lockett, 2012; Stelzenmuller et al., 2010). 

This paper discusses the methodology and intended use of the BASS tool in a 

marine spatial siting decision support context, covering use scenarios, system architecture 

and an example of decision processes using the BASS system. 

2.1.1 Bayesian Belief Networks in Ecosystem Sciences 

Use of Bayesian belief networks as an intuitive method for describing complex 

systems is increasing in popularity, primarily because it closely mimics the way human de

cision making is accomplished in other areas.  The use of Bayesian systems for ecological 

modeling and planning purposes has been demonstrated in both marine and terrestrial 

applications (Ellison, 2004; Lockett, 2012; Marcot, 2006; McCann et al., 2006; Rowland et 

al., 2003).  Attractive elements of BBN usage include the ability to construct model struc

tures and define variable relationships through the incorporation of expert knowledge 

(Xiao-xuan et al., 2007), the ability to learn through incorporation of available data which 

may be uncertain (Heckerman et al., 1995), and the ability to model ecosystem services 

while accounting for, and propagating, several types of uncertainty (Wilhere, 2012). 

BBNs are composed of two basic components, nodes and links.  Nodes are used to 
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represent input, intermediate or output variables while links represent causal relationships 

between variables (Uusitalo, 2007).  Each node contains states which correspond to pos

sible values for the variable it represents, which can be categorical or continuous in nature. 

An example node might represent substrate with states corresponding to sand, rock and 

mud, categorical, or represent depth with discretized bins corresponding to depth suitabil

ity, continuous. 

Depending on network structure, nodes may be classified as either parent nodes, 

child nodes or both.  The designation ‘parent’ or ‘child’ describes a node’s relationship to 

other nodes in the net and, more specifically, the directionality of the links between the 

nodes.  Links in BBNs are directional and when a link points from one node to another, 

the node being pointed from is the parent node and the node being pointed to is the 

child node.  This directionality indicates causality where the condition of the child node 

is dependent on the condition of the parent node.  Once these relationships have been 

established within the network, information can be propagated in both forward and back

ward directions.  Forward propagation of information through a network (from parent 

to child) is known as causal reasoning while backward propagation of information (from 

child to parent), enabling inference of cause from effect, is known as diagnostic reasoning 

(Wilhere, 2012).  Network structure often makes it possible for nodes to be both child and 

parent nodes simultaneously (Marcot et al., 2006).  These types of nodes hold probabilistic 

relationships between their parent nodes and their own children (Wilhere, 2012). 

From an ecological perspective, BBNs are acyclic networks which can be used to 

depict the influence of environmental predictor variables on ecological response variables 

(Marcot et al., 2006).  Forward propagation through causal reasoning relies on joint condi

tional probabilities specified within the nodes (Wilhere, 2012).  A relevant example is the 

prediction of habitat suitability for individual species or groups based on environmental 

observations. 
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2.2 The BASS System 

2.2.1 Tool Overview 

Decision measures for this project can be divided into two fairly distinct groups, 

1) initial filtering measures which are used to reduce large numbers of possibilities to a 

manageable few, and 2) evaluation measures which are used to evaluate remaining options 

against one another and narrow down to the best alternative.  To facilitate the entire deci

sion making process, the BASS tool includes components to support each of these needs.  

The primary components of the BASS tool are the BASS Viewport and the BASS Decision 

Engine. 

2.2.2 The BASS Viewport 

The BASS Viewport (http://bass-viewer.coas.oregonstate.edu/bass/) is an ESRI 

web mapping service which provides a mechanism to explore spatial datasets relevant to 

marine spatial planning decisions.  Pre-loaded datasets in the Viewport include: 

- The BOEM Multi-purpose Marine Cadastre; 

- The 2011 EFH Review Habitat Data; 

- A Government Level Inventory of Marine Protected Areas; 

- NMFS/EFH Areas Protected from Fishing; 

- The spatial BASS Model Inputs and Outputs; 

- additional datasets which may be relevant to marine spatial planning. 

These datasets are not exhaustive but represent baseline data likely to be valuable 

for a variety of use case scenarios.  For a given decision, custom data or web services may 

be loaded into the Viewport to facilitate project specific needs.  Case studies for the BASS 

project (BASS Final Project Report, 2013) have shown that this element of the tool pro

vides essential context for site filtering in some use-case scenarios.  

The Viewport contains several built-in tools that allow the user to query spatial in

formation such as spatial coordinates, distances and areal extents which are often helpful 

http://bass-viewer.coas.oregonstate.edu/bass
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in siting decisions.  These tools, and the pre-loaded data within the Viewport, provide a 

means to identify potential site bounds in the context of known use conflicts.  The view

port provides a convenient means to examine potential site data, such as bounding coor

dinates, habitat types, water depths and spatial extent, which are necessary for sites being 

entered into the BASS tool for decision support consideration.  

2.2.3 BASS Decision Engine 

The BASS Decision Engine (http://alphasite.smartsoftwareinc.com:8080/bass/ 

html/login.jsp) provides a standardized mechanism to incorporate and quantify both 

modeled site suitabilities and subjective stakeholder values pertaining to site selection.  

The Decision Engine uses Bayesian belief networks in a model service to provide modeled 

site suitability values for a variety of ecosystem services while using a graphical user inter

face to collect stakeholder input.  Once model and stakeholder results have been collected, 

they are either combined using stakeholder value structures or explored individually to 

better understand the underlying justification of the decision. 

2.2.3.1 BBNs in the BASS tool 

The BASS tool was built as a framework to run a variety of BBNs in a spatial con

text.  There is no limit to the number of BBNs that can be run from the tool but the initial 

development includes 12 Bayes networks (Appendix A) which perform three distinct 

analysis tasks (Table 1).  Networks performing the first task provide a prediction of suit

ability for an ecosystem element such as kelp or groundfish (i.e. habitat suitability).  To 

support decisions regarding wave energy technology, the second task is performed by 

networks predicting the siting suitability of three classes of technology, grouped by depth. 

The third analysis task supports the incorporation of outside inputs to account for model 

results that are external to the BASS project.  This mechanism allows the inclusion of rel

evant spatial raster data from other modeling efforts to support decisions. 

The initial BASS models were adapted from a set of conceptual models pre

http://alphasite.smartsoftwareinc.com:8080/bass
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Ecosystem Support 
Models 

Technology Support 
Models 

Incorporation of 
Outside Models 

Cetacean Support Shallow-Water Wave Energy 
Device Suitability 

Commercial Fishing 
Effort 

Crustacean Support Mid-Water Wave Energy 
Device Suitability 

Recreation Effort 

Groundfish Support 

Pinniped Support 

Kelp Support 

Coastal Resilience 

Visual Interaction 

Table 1 - Models available to the BASS Tool 
pared for the Oregon Wave Energy Trust (OWET).  The OWET study performed an 

analysis of the effects to ecosystem services which might result from offshore technology 

development.  These models were constructed from expert opinion and literature review 

rather than learned from data (Halsey and Radil, 2012).  While the models support sev

eral analysis types their structures are all relatively similar (Figure 1).  The BASS networks 

generally have a base tier of 

input nodes that correspond 

directly to environmental vari

ables.  These nodes are parents 

to a tier of intermediate nodes 

in which variable states are as

signed attributes such as score 

and uncertainty.  The inter

mediate node tier generally makes up the parents for the final tier of output nodes where 

site suitability is returned from the model.  Additional intermediate nodes are sometimes 

added to the nets to summarize themes or sub-models within the networks which help to 

make the nets more intuitive and simplify calculations as an analysis is being performed 

(Marcot et al., 2006). 

Figure 1 - Typical BASS Bayes Belief Network 
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The use of Bayesian networks in the BASS tool begins with the specification of al

ternative sites or areas of interest for comparison.  Once sites have been defined, environ

mental data are extracted within the site bounds from the input datasets to a gridded field 

of points at a user specified granularity.  The extracted data are used as inputs to revise 

probability distributions across the states of the input nodes in the BBNs.  Each state in 

each input node has an associated value or score.  This score is scaled between 0 and 1 and 

represents the significance of that state to the function being modeled.  If a state repre

sents a highly preferred condition the corresponding score is 1 and if a state represents a 

completely unsuitable condition the corresponding score is 0.  

The tool uses a counting learning algorithm to progress through site specific in

formation and update the findings of the input nodes (Figure 2).  Where the “Experience 

Figure 2 - Counting Learning Algorithm used by NeticaTM 

Value” (E) represents the number of cases that have been ‘experienced’ by the learning 

algorithm beginning with case one (1.0) and increasing by an increment of “Degree” (D) 

with each new case.  Different values for Degree simulate different levels of experience for 

that case state (the Degree value in BASS is set to 1.0) each time a new case is read into the 

network, once this Experience Value has been modified using Equation 1, it becomes a 

“Revised Experience Value” (E’). 

Each time a case is read into a network from a casefile, it specifies a single state for 

each input node.  In Equation 2, this is known as the “Observed Case State” (CS) where 
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P(CS) represents the probability of the Observed Case State and P(CS)’ represents the 

revised probability of the Observed Case State given the Experience Value (E), the Revised 

Experience Value (E’) and the Degree (D). 

For each case in the casefile, the probabilities of the remaining states in the nodes, 

those not observed in the case, are revised according to Equation 3.  In Equation 3, the 

initial probability of the non-observed case (P(NCS)) is revised given the Experience 

Value (E) and the Revised Experience Value (E’). 

This process is repeated for each case in the casefile where the initial starting prob

abilities for each of the input node states are evenly distributed.  Initial state probabilities 

can be described by the equation: P(Initial States) = 1.0/(Number of States in Node). 

This algorithm revises the prior probabilities to arrive at a posterior probability 

distribution.  Ultimately, the posterior distribution is based on evidence presented from 

the input data and represents an approximation of the conditions found within each site 

(Norsys Software, Inc.). 

These posterior probability distributions in the input nodes are propagated 

through the networks according to the rules specified in the intermediate nodes until the 

output node values represent the conditions from the input data.  Node values are calcu

lated as a weighted average or expected value where the node scores represent state values 

and the state probabilities provide the weighting for the states. 

In an effort to capture the impact that a technology installation might have on the 

functions modeled by the BASS BBNs, each ecosystem support model included a pathway 

for site suitability in the absence of wave energy technology (initial condition) and, where 

appropriate, a pathway for site suitability in the presence of wave energy technology (im

pacted condition).  To accomplish this, the scores for each of the intermediate node states 

were reassessed to represent the suitability of the site given the installation of technology.  
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When a difference is observed between the initial and impacted modeled conditions, a 

comparison between the two conditions allows users to better assess what the impact 

might be to a site given installation of technology. 

A web service was developed specifically for the BASS project to dynamically 

facilitate model runs as requests are submitted through the user interface.  The service 

includes the twelve models adapted for the tool and all of the input datasets required to 

run those models.  For a model to be successfully run in the BASS model service, it must 

generally be constructed according to a set of guidelines.  First, the model must use spatial 

raster datasets as inputs.  Second, the model outputs must be scaled between 0 and 1 

where ‘0’ represents an unsuitable condition and ‘1’ represents a suitable condition.  Third, 

ideally the input raster datasets should have matching spatial extents.  These criteria allow 

the BASS tool to incorporate a wide variety of models with spatial inputs. 

2.2.3.2 Uncertainty in the BASS Bayes Networks 

Unlike most GIS-based analysis tools, Bayesian network analyses allow for 

propagation and tracking of uncertainty through complex systems.  The first uncertainty 

tracked through Bayesian networks in the BASS tool is associated with the simplification 

of many sample points within an area of interest to a single metric.  This process is nec

essary as it brings all of the site values into a comparable format.  The complexity of site 

conditions generally falls on a continuum between complete heterogeneity and complete 

homogeneity.  As a result, the simplification of a complex site to a single value results in 

a larger amount of uncertainty than the simplification of a less complex site to a single 

value.  The nets take this into account by distributing probabilities across the states of the 

input nodes.  If the data show an even distribution across all of the states of an input node 

(high heterogeneity), the resultant uncertainty associated with that site will be relatively 

high.  If the data show that a site is more homogeneous, the summation of the data results 

in a narrow distribution of state probabilities (low heterogeneity) and the uncertainty 
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associated with that site would be relatively low.  In short, the more heterogeneity we see 

in the input layers, the more uncertainty is propagated through the net to account for the 

simplification that occurs when a single value is generated from a large number of variable 

observations.  While it is unfortunate that this algorithmic uncertainty is introduced while 

running the models, it is a necessary step to achieve similar terms for later fusion of mod

eled data with stakeholder data and it is important to note that this uncertainty is included 

in the model outputs. 

The second uncertainty type is related to our understanding of the accuracy of 

input spatial data.  Some examples include inconsistencies with instrumentation or un

certainty in data interpretations such as the assignment of substrate type from remotely 

sensed data.  Bayes nets allow the incorporation of such epistemic uncertainty through 

modification of conditional probabilities in intermediate nodes within the nets.  If, in a 

substrate example, we observe a substrate classified as sand in the input raster data, this 

does not necessarily mean that the substrate at that location is truly sand.  If information 

existed regarding the accuracy of this classification, it could be used to develop probability 

tables such that the true sediment type has a high probability of being sand but also has 

a distribution of probabilities across the other possible states.  This uncertainty is propa

gated through the net and included with the final output suitabilities. 

Nodes in Bayes nets can represent either categorical or continuous variables.  Cat

egorical variables are easily modeled with this type of analysis because they generally map 

one to one with a node’s states.  Continuous variables, however, are not as easily modeled 

with Bayes nets as they must first be discretized to create states which correspond to spe

cific ranges in the continuous variables.  This discretization of continuous variables adds 

an additional element of uncertainty to the Bayes net system associated with the modeling 

process. 

Suitability, in terms of continuous variables, can typically be described by a curve 
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representing the relationship 

1 

between the variable values and 

0.5suitability values (Figure 3).  Bayes 

networks generally require that this 
0 

curve be simplified, or discretized, State 
Number 

into bins (Uusitalo, 2007).  When 

bins are created, a single suitability 

value is assigned to each.  When 

Su
ita

bi
lit

y 

Depth (m) 
0 100908070605040302010 

1.0 

0.81 

0.42 

0.08 

1 2 3 4 5 6 7 

Suitability in 
terms of depth 

Node: Depth, Variable Type: Continuous 
State Number State Depth Ranges State Minimum Suitability State Maximum Suitability State Average Suitability 

1 < 20m 0 0.08 0.04 
2 20 - 30m 0.08 0.42 0.25 
3 30 - 40m 0.42 0.81 0.615 
4 40 - 60m 0.81 1 0.905 
5 60 - 70m 0.42 0.81 0.615 
6 70 - 80m 0.08 0.42 0.25 
7 > 80m 0 0.08 0.04 

Figure 3 - Example Discretization Curve 
this happens the number and width 

of the bins can have a strong effect on the level of generalization applied to the original 

curve.  While it is possible to reduce the effect of this uncertainty through appropriate bin

ning decisions, the uncertainty associated with discretization of continuous variables, an 

epistemic uncertainty, is introduced and contributes to the final uncertainty estimate from 

the nets. 

One way to reduce discretization uncertainty is to decrease the width of the bins 

which results in an increased number of bins across the range of the data.  This allows 

the binned data to more closely approximate a continuous relationship between variable 

values and suitability scores.  Ideally the modeling process would use an infinite number 

of bins to truly represent an observed relationship.  Unfortunately, as the number of bins 

increases, the complexity of the calculations within the modeling process increases expo

nentially.  To accommodate the incorporation of continuous variables into a Bayes net

work it is therefore necessary to generate a minimum number of bins while still maintain

ing the desired level of detail in the analysis (Chen and Pollino, 2012). 

2.2.3.3 Stakeholder Input in BASS 

When decision measures are subjective in nature, and cannot be adequately mod

eled, the BASS tool allows the inclusion of these data to assist in the decision making 
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process.  Within the tool these subjective measures are called stakeholder measures.  The 

incorporation of stakeholder values is a multi-step process that first requires the collection 

of relative importance values of each decision measure from the stakeholders.  This infor

mation allows weighting of the measures later in the analysis which ensures that measures 

of greater importance to the stakeholder receive more weight than those of less impor

tance.  

Many stakeholders may participate in a decision, accordingly the assignment of 

weights by each stakeholder allows exploration of multiple perspectives when analysis 

results are considered.  While the ranking of measures for individual stakeholder groups 

may not take into account the suitability of those measures for the sites being considered, 

a final weighting structure used in the decision may be modified to incorporate the sig

nificance of site suitability findings into this value structure.  For example, if a measure 

were ranked highly important in an initial weighting scheme, but modeling suggested 

that the siting decisions would have little or no interaction with that particular measure, 

the importance of that measure could be demoted to give the remaining measures more 

weight in the decision. 

Once a value structure has been established an evaluation is completed by each 

stakeholder for the suitability of each stakeholder measure.  The BASS tool incorporates a 

utility called the Belief Map, devel

oped by Robust Decisions, Inc., to 

collect stakeholder satisfaction and 

certainty regarding these subjective 

measures (Figure 4).  Fundamentally, 

the map is a two dimensional Carte

sian coordinate grid where the y-axis 

represents the stakeholder’s satisfac-

Figure 4 - Belief MapTM Schematic 
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tion and the x-axis represents the stakeholder’s certainty about this satisfaction.  The abil

ity to enter a stakeholder’s level of certainty regarding their belief provides an opportunity 

for participants to acknowledge their level of knowledge about the topic.  This helps the 

tool account for varying levels of expertise represented by decision participants.  Placing a 

dot on the belief map for a given issue at a given area of interest provides the mechanism 

used to collect stakeholder input for BASS. 

While it may be possible to model interactions between people and technology 

there is no way to model how that interaction will be perceived; some people may favor 

technology installations while others may view them negatively, an example stakeholder 

measure to capture these perspectives might be “Sense of Place”. The Belief Map provides 

a standardized data collection method for such subjective inputs. 

Stakeholder input is collected on a site by site basis for each stakeholder measure.  

This means that if Site A and Site B were being evaluated regarding a stakeholder’s sense 

of place, the question would be asked, “If wave energy technology was installed at Site X, 

how satisfactory would this be in terms of your sense of place and how certain are you?”  

Where Site X would represent Site A and Site B sequentially.  The incorporation of the be

lief map for gathering this information makes this element of the decision making process 

less daunting for participants. 

Stakeholder participation can occur through a variety of methods, the first method 

being a public meeting where BASS is used to aid in a decision.  In this scenario stake

holders would be invited to participate one-on-one with the decision manager to input 

their preferences into a computer or be given paperwork on which to enter their weight

ing structure, satisfactions and levels of certainty regarding the measures being consid

ered.  If paper surveys are used, the decision manager would be responsible for entering 

the stakeholder input into the system.  Stakeholders may also choose to participate with

out attending a meeting; in this case the participant could fill out an online survey, par



 

21 
ticipate in a phone survey, or fill out a paper survey and mail it in to the decision manager 

who would enter it into the system.  If a stakeholder participant is not available for a given 

decision, they can choose to elect a stakeholder proxy to represent their interests.  In this 

case the proxy would communicate the value structure of the stakeholder to the decision 

manager who would enter these values as proxy values. 

The process of first collecting a value structure around the measures themselves, 

then collecting information specific to the sites in terms of these measures, allows the de

cision manager to evaluate various viewpoints and possibly tease apart conflicting biases 

between interest groups. 

2.2.4 BASS Data Fusion 

One fundamental premise of the BASS tool’s stakeholder component is its incor

poration of not only multiple stakeholder measures, but input from multiple stakeholder 

groups.  Once data have been collected from a group of stakeholders, the tool allows the 

decision manager to explore the individual stakeholder viewpoints or fuse all of the data 

into a single metric for easy site by site comparison.  This ability to explore the individual 

components of the final suitabilities, or view final fused suitability comparisons is accom

plished using the Accord Software Tool Suite by Robust Decisions, Inc. and further details 

of how this is accomplished are outlined in Appendix A of the BASS Project Final Report 

(Appendix A). 

The collection of stakeholder input results in an estimate of suitability and uncer

tainty for each site/measure combination provided by each stakeholder participant.  To 

incorporate these data into the final suitability scores, each set of stakeholder values for 

each site/measure combination is first fused into a team score using a Bayesian approach 

that includes all suitabilities and uncertainties.  The result is a final team metric represent

ing suitability for each site in terms of each stakeholder measure.  This combination brings 

the stakeholder values into terms similar to the Bayesian belief network suitability predic
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tions. 

The final combined suitability for each site includes the individual measure suit

abilities, weighted according to a selected value structure.  The weighting scheme is 

selected by the manager and includes options for even weighting of all criteria, weighting 

according to the decision manager’s value structure or weighting in accordance with indi

vidual stakeholder value structures (Figure 5). 

Figure 5 - Data Fusion Schematic 

2.2.5 Use-Case Scenarios 

The BASS tool was developed to support four initial use-case scenarios: 

- Scenario 1 represents a case where a federal or state planning entity such 
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as the Bureau of Ocean Energy Management (BOEM), the National Oceanic 

and Atmospheric Administration, the Oregon Department of Land Conserva

tion Development, or the Oregon Department of State Lands is tasked with 

identifying areas capable of supporting marine technology.  Sites in this case 

may spread over a broad area such as a continental margin or a more restricted 

region such as a subset of state coastal waters.  In Scenario 1, technology suit

ability questions can be used to direct exploration of potential usage conflicts 

or identify locations with higher levels of suitability for BASS. 

- Scenario 2 the BASS tool provides assistance where a project development 

team is responsible for vetting their own permit requests to install technology 

in areas which meet pre-defined criteria.  In this use-case, developers use the 

BASS tool to identify areas which are suitable for a particular type or class of 

technology from a set of previously defined alternatives.  This case would con

sider impacts that technology installation might have on a variety of ecosystem 

services. 

- Scenario 3 provides support for an agency lead evaluating potential alter

native sites presented by a development team in the context of environmental 

impact.  For such instances, BASS helps the agency decision manager perform 

a site by site comparison to illustrate preferred sites given potential interactions 

between technology and the environment. 

- Scenario 4 facilitates the evaluation of siting permit applications which 

are submitted for review by an agency development team.  In this case the 

areas being considered might include the actual sites of interest or larger areas 

encompassing those sites in an effort to conduct a more comprehensive analy

sis of the effect installations might have on the ecosystem.  While the tool was 

designed to support these four use-cases, the tool is dynamic and future uses 
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are not constrained to those identified herein.  One goal for the tool is that as 

it is used for various projects, additional uses for its elements will be identified 

and lead to future tool development (Halsey et al., 2013). 

While all of these scenarios provide means to explore the tool’s usage, and the fol

lowing section will attempt to describe all component elements of the tool, the remainder 

of this paper will generally describe a use-case corresponding to Scenario 3. 

2.2.6 Tool Usage 

The BASS tool was developed to support several use case scenarios (Appendix A), 

to illustrate the tool’s usage, this paper presents two example case studies. 

The first case study focuses heavily on use-case Scenario 1 (from above), in which 

a federal or state planning entity is tasked with identifying areas capable of supporting 

marine technology.  In this case, potential sites may be spread over a broad expanse such 

as a continental margin or a more restricted area such as a subset of state coastal waters.  

Technology suitability questions, and an understanding of potential economic implica

tions, can be used to direct exploration of potential use conflicts or identify locations with 

higher or lower levels of suitability within the study area. 

The second case study falls under use-case Scenario 3 (from above) in which a 

regulatory agency is charged with evaluating a set of proposed technology installation 

sites against a set of regulatory mandates and stakeholder inputs. 

In either case, before sites are considered for comparison, an initial filtering pro

cess generally occurs.  This process may occur independent of the BASS tool through a 

public process, may be completed by a development team, or may require use of the tool’s 

viewport and analysis capabilities for assistance in initial site filtering. 

Following initial filtering, a decision must be made regarding which, if any, envi

ronmental models will be used as a basis for comparison between the remaining sites.  For 
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some decisions the pre-loaded BASS models may provide sufficient information and scope 

to arrive at a conclusion, while other processes may necessitate the development or incor

poration of additional models for use in the analysis. 

For a given decision, only models that are relevant to the decision outcome are 

selected for inclusion in the analysis.  In the next step, the manager decides which, if any, 

stakeholder measures will be included in the decision.  This step requires some informa

tion about which stakeholders will have an interest in the decision outcome and on what 

grounds.  The list of stakeholder measures is developed though consensus with the parties 

involved, and entered into BASS.   

Once the data have been compiled, and the stakeholder measures are defined, the 

weighting system must be established for the decision.  This weighting system may repre

sent a specific stakeholder group, an even weighting of the decision measures, or a deci

sion manager’s weighting scheme.  After a weighting scheme is chosen, evaluation of the 

results allows for the final analysis of the tool’s assistance to the decision.  

2.3 Results 

2.3.1 Example Case Study 1 

2.3.1.1 Initial Site Identification 

This case study will demonstrate a scenario in which a regulatory agency has been 

mandated to provide an assessment of the highest wave energy technology device suitabil

ity locations along the Oregon coast while minimizing potential impacts that development 

may have on select ecosystem services. 

The first step in supporting this study involves use of the BASS tool’s ability to 

perform spatial analysis over a wide region.  This is accomplished by sampling an underly

ing set of spatial data in an evenly spaced grid, passing the conditions at each point in the 

grid through a Bayesian Belief Network, and plotting the model output values for suitabil
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ity and uncertainty in a corresponding spatial raster.  In the case of 

this example, initial identification of a region of interest is based on 

the spatial output of a model built to calculate suitability for wave 

energy technology. 

The initial region for consideration in this case encom

passed the continental shelf (water depth <200m) spanning the 

north-south extent of the Oregon coast (42.00˚N to 46.25˚N).  In 

an effort to focus on areas that have the highest levels of suitability 

for wave energy technology, raster output from the device suitabil

ity model was reclassified to identify the locations with suitabili

ties higher than 0.5 as a first step in the site filtering process.  This 

newly identified region then became the maximum extent of the 

region of interest. 

Following initial filtering, the revised region is sub-divided 

into smaller sites, or areas of interest, for further comparison.  For 

this case study the regulating agency sub-divides the coast into 

areas of interest that span the width (east to west) of the region of 

interest and are each 20km in extent from north to south.  This 

division results in a set of 24 sites for further comparison using the 

tool (Figure 6). 

2.3.1.2 Site by Site Comparison 

Next, the basis for between-site comparison is specified.  This step begins with the 

identification of science models to be included in the analysis.  As our initial filtering step 

began with a region-wide evaluation of suitability for wave energy technology, and only 

areas with high probabilities of suitability were retained for further analysis, this side-by

side analysis does not include additional evaluation of the wave energy technology model 

Figure 6 - Sites used in 
case study 1 
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outputs. 

Two models were selected in this analysis to support regulatory mandates.  The 

first mandate stipulated that there be minimal potential interaction between cetaceans and 

potential sites.  This requirement stems from the Marine Mammal Protection Act (United 

States Congress, 1972) and to support it the Cetacean Model (Appendix A) was selected as 

the secondary filtering step in the analysis.  

A broad variety of rockfish species can be found along the Oregon coastal margin 

(Love et al., 2002) and many of these species represent an important component of the 

Oregon coastal economy as both commercial and recreational fisheries.  While these fish

eries, as a whole, are fairly strong, fishing pressure has resulted in significant population 

decline for a subset of the species.  As a result, state legislation has been implemented to 

protect these species.  In an effort to minimize any negative impact that technology instal

lation might have on rockfish habitat the third model included in the decision predicts 

suitability of habitat for groundfish (Appendix A). 

Once applicable models were identified, relevant stakeholder measures were se

lected for the final component of the analysis.  For the purpose of this example, the stake

holder measure included was “Sense of Place”. This is a good example of a stakeholder 

measure as it has a spatial component but represents a metric which is not feasible for 

modeling.  This measure provides a mechanism to evaluate the subjective element of the 

decision pertaining to how this installation would be perceived.  In this example a proxy 

stakeholder is included to represent the interests of the coastal tourism industry. 

2.3.1.3 Modeled Values 

After models have been selected for the analysis, the model run request is submit

ted to the model service within the BASS web application.  The model service runs the 

models and returns a satisfaction/uncertainty value pair for each of the perspective sites 
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for each of the selected models.  These data are available for exploration within the BASS 

tool’s Results page, or as a comma separate value (CSV) data matrix.  The CSV data can 

be used to perform additional analysis or generate graphics which illustrate relationships 

between the sites (Table 2). 

2.3.1.4 Stakeholder Values 

Scores entered by the proxy stakeholder, representing the Coastal Tourism indus

try, are also visible in Table 2 and were entered using the belief map.  As would be expect

ed from a stakeholder evaluating a series of sites along a stretch of coastline, adjacent seg

ments of the coast generally show similar levels of satisfaction regarding this stakeholder 

Area of Interest Cetaceans Groundfish Impact on Sense 
of Place 

Fused Values 

Site 1 0.34+-0.15 0.9+-0.08 0.8+-0.7 53.54 
Site 2 0.33+-0.15 0.87+-0.08 0.8+-0.6 53.26 
Site 3 0.32+-0.15 0.86+-0.08 0.8+-0.6 53.13 
Site 4 0.33+-0.15 0.85+-0.08 0.8+-0.6 53.68 
Site 5 0.31+-0.13 0.87+-0.08 0.9+-0.3 61.08 
Site 6 0.3+-0.13 0.87+-0.08 0.9+-0.3 60.54 
Site 7 0.31+-0.15 0.87+-0.08 0.9+-0.3 60.7 
Site 8 0.33+-0.15 0.85+-0.08 0.9+-0.3 60.87 
Site 9 0.34+-0.15 0.86+-0.07 0.9+-0.8 50.79 

Site 10 0.34+-0.14 0.88+-0.08 0.9+-0.7 52.16 
Site 11 0.36+-0.15 0.88+-0.08 0.9+-0.7 52.01 
Site 12 0.37+-0.13 0.87+-0.09 0.9+-0.8 49.64 
Site 13 0.34+-0.15 0.86+-0.08 0.9+-0 66.31 
Site 14 0.29+-0.15 0.8+-0.08 0.9+-0.1 62.2 
Site 15 0.26+-0.14 0.79+-0.08 0.9+-0.1 62.32 
Site 16 0.27+-0.14 0.85+-0.07 0.9+-0.1 63.19 
Site 17 0.3+-0.14 0.82+-0.09 0.7+-0.2 61.06 
Site 18 0.31+-0.15 0.82+-0.08 0.7+-0.2 60.12 
Site 19 0.3+-0.15 0.83+-0.08 0.7+-0.3 58.32 
Site 20 0.33+-0.15 0.84+-0.09 0.8+-0.3 59.28 
Site 21 0.34+-0.15 0.84+-0.09 0.8+-0.3 58.9 
Site 22 0.32+-0.16 0.82+-0.09 0.8+-0.3 59.84 
Site 23 0.29+-0.14 0.78+-0.07 0.8+-0.2 57.96 
Site 24 0.33+-0.17 0.78+-0.08 0.8+-0.1 61.18 

Table 2 - Example analysis output values for case study 1. 



 

29 
measure. 

2.3.1.5 Fused Model Results 

The fusion of stakeholder information with modeled results allows the tool to il

lustrate relative suitability of sites on 

a scale of zero to one-hundred (Table 

2). Because the tool imposes a value 

structure on decision measures it is 

important to note that the results for 

this example consider all three decision 

measures weighted equally.  As this 

example included a fairly large number 

of potential sites, Figure 7 illustrates the 

use of a satisfaction threshold to show 

only those sites with satisfactions above 

0.6. This is a convenient way to explore 

different threshold choices and limit 

the number of displayed results for a 

decision. 

2.3.2 Example Case Study 2 

2.3.2.1 Initial Site Identification 

For the purpose of this example we work through a demonstration of Scenario 3 

in which a regulatory agency has been presented with three sites for proposed technology 

development off the Oregon Coast.  In this scenario, the BASS tool is used to evaluate de

velopment feasibility of the three sites in terms of specific decision criteria.  These criteria 

include both modeled results and stakeholder input. 

Figure 7 - BASS Results Page displaying case study 
1 values. 
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The three sites, identified from north 

to south as Site 1, Site 2 and Site 3, are each of 

equal size (25 km2) and range from approxi

mately 10 km to 15 km offshore at the shortest 

distance (Figure 8).  Initial site filtering in this 

example scenario was completed by the tech

nology developers using the BASS Viewport to 

identify locations that had no conflict with 1) 

Marine Protected Areas (MPA’s), 2) currently 

deployed fiber optic communications lines, and 

3) hard substrate types indicative of natural 

reefs. 

Next, the basis for between-site com

parison is specified.  This step begins with the 

identification of environmental models to be 

included in the analysis.  In this example, two models were identified to support existing 

regulatory mandates.  The first requirement stipulates there be minimal interaction be

tween cetaceans and the chosen site.  This requirement stems from the Marine Mammal 

Protection Act (United States Congress, 1972) and to support it the Cetacean Model (Ap

pendix A) is selected as an initial element in the analysis.  

A broad variety of rockfish species can be found along the Oregon coastal margin 

(Love et al., 2002).  Rockfish represent an important component of the Oregon coastal 

economy as they are a strong fishery for both commercial and recreational purposes.  

While the fishery as a whole is fairly strong, fishing pressure has resulted in significant 

population decline for a subset of the species.  As a result, state legislation has been passed 

to protect these species.  In an effort to mitigate any negative impact that technology 

Figure 8 - Sites used in case study 2 
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installation might have on rockfish habitat the second model included in the decision 

predicts suitability of habitat for groundfish (Appendix A). 

Once applicable models were identified, relevant stakeholder measures were se

lected for the analysis.  For the purpose of this example, the stakeholder measure included 

was “Sense of Place”. This measure provides a mechanism to evaluate the subjective ele

ment of the decision pertaining to how this installation would be perceived.  Stakeholder 

groups in the decision were identified and invited to participate in the process.  In this 

example a proxy stakeholder is included to represent the interests of the coastal tourism 

industry. 

2.3.2.2 Modeled Values 

Similar to Case Study 1 above, after models have been selected for the analysis, the 

model run request is submitted to the model service within the BASS web application.  

The model service runs the models and returns a satisfaction/uncertainty value pair for 

each of the perspective sites for each of the selected models.  These data are available for 

exploration within the BASS tool’s Results page, or as a comma separate value (CSV) data 

matrix.  The CSV data can be used to perform additional analysis or generate graphics 

which illustrate re

lationships between 

the sites (Table 3). Table 3 - Example analysis output values for case study 2 

2.3.2.3 Stakeholder Values 

The proxy stakeholder, representing the Coastal Tourism industry, entered that 

Site 1 and Site 2 were equally scored with a suitability of 0.35 +- 0.12 while Site 3 was 

scored 0.85 +- 0.20 making it the preferred choice in this measure.  These entries were 

made using the Belief Map.  The suitability from this perspective can be viewed in the 

results tab of the BASS tool. 

Site Cetaceans Groundfish Sense of Place 
Site 1 0.31 +- 0.1 0.85 +- 0.03 0.35 +- 0.12 
Site 2 0.22 +- 0.1 0.85 +- 0.03 0.35 +- 0.12 
Site 3 0.21 +- 0.1 0.78 +- 0.06 0.85 +- 0.2 
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2.3.2.4 Fused Model Results 

The fusion of stakeholder information with modeled results allows the tool to 

illustrate relative suitability of sites on a scale of zero to one-hundred.  Because the tool 

imposes a value structure on decision measures it is important to note that the results for 

this example consider all three decision measures weighted equally.  Fused results for the 

three sites indicate that Sites 1 and 2 have the lowest overall suitability at 0.357 and 0.353, 

respectively, while the suitability of Site 3 is 0.851. 

2.4 Discussion 

2.4.1 Discussion of Case Study 1 Results 

The appropriate method for interpreting the results of Case Study 1 depends on 

the reason the decision is being made.  The criteria for this decision were: 1) of the areas 

being considered, the decision should favor the site(s) with the least potential for interac

tion between wave energy technology and Cetaceans, 2) of the areas being considered the 

decision should favor the sites with the least potential for interaction between technology 

and Groundfish and, 3) of the final sites, the area with the highest level of support from a 

public interest such as the coastal tourism industry should be favored. 

To address criteria 1, the BASS Cetacean model was included in the analysis which 

provides a basis for comparison between potential sites in terms of potential interaction 

with Cetaceans.  This model was developed around the feeding and migratory behavior of 

Gray Whales and, while we acknowledge that it is not an accurate representation of all ce

taceans, in this example it is being used as a general cetacean proxy and is appropriate for 

inshore waters of the Oregon coast where Gray whale migration represents a significant 

potential interaction with human infrastructure.  The model results (Table 2) suggest that 

Sites 14, 15, 16 and 23 have the lowest suitability probabilities for Cetaceans (< 0.30) while 

the remaining sites in this study all have higher levels of suitability for this measure.  
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While these results suggest that Sites 14, 15, 16 and 23 would likely be preferable 

over the others, it is worth noting that all of the sites included in this analysis returned 

relatively low suitability scores for Cetaceans (<0.40) which would seem to indicate that 

anywhere along the Oregon Coast would have a low likelihood of interaction with ceta

ceans.  

As sites were included along the entire Oregon coast for this analysis, one would 

be right to ask how it is that nowhere along the coast is there suitable habitat for a species 

that we know to frequent this region?  The answer to this question can be found in the 

model parameters and the project setup.  In reviewing the model design (Appendix A), 

we see that Cetaceans have a fairly narrow preferred depth range that corresponds to both 

feeding and migratory behavior.  When we look at the project setup we see that each of the 

sites starts in the nearshore environment and stretches out into the mid-shelf.  According

ly, only a small percentage of each site falls within the preferred depth range of Cetaceans 

as identified by the model.  Accordingly, if the development team was willing to explore 

technology installation in the full range of depths represented by each site, there would 

likely be ample opportunity for development in any of the sites without likely interaction 

with cetaceans. 

To address criteria 2, the BASS Groundfish model was included in the analysis to 

provide a basis for comparison between potential sites in terms of modeled interaction 

with Groundfish habitat (interactions with the passage of fishing vessels is not considered 

in this example case).  The model results suggest that Sites 15, 23 and 24 have the lowest 

levels of suitability as groundfish habitat (<0.8) while all of the remaining sites have mod

eled suitabilities for groundfish >0.8 with the highest suitability returned for Site 1 in the 

far north end of the study area with a value of 0.9.  These findings, when observed in con

junction with those of the Cetacean model would suggest that at this stage in the analysis 

Site 15 would be the preferred site for technology development. 
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To address Criteria 3, the coastal tourism stakeholder proxy provided input re

garding potential impact to the public’s Sense of Place if technology was installed at each 

of the three sites.  The stakeholder results suggest that Sites 5 through 16 would be the 

most preferable in terms of this stakeholder measure. 

Given our findings for each of the decision measures, the tool would seem to sug

gest that Site 15 would be the preferred site for wave energy technology installation along 

the Oregon Coast.  While it is good practice to explore and understand the data underly

ing the analysis, the BASS tool’s ability to fuse data into a single metric provides a mecha

nism to quickly get a feel for a side by side comparison of the sites.  In the case of this 

example, all criteria were left evenly weighted and, similar to walking through the results 

individually, the tool arrives at the conclusion that the highest suitability area for wave 

energy technology installation would likely be between Sites 13 and 18 on the southern 

Oregon coast. 

As the BASS tool fuses multiple data types with various levels of certainty in each 

analysis, the final results of the analysis are most sensitive to those data with the highest 

levels of certainty.  This principle applies to both model and stakeholder inputs mean

ing that areas with lower levels of certainty represent opportunities for improvement of 

knowledge or “next steps” in the decision making process.  In the case of this example 

decision, modeled cetacean suitability has a relatively high level of uncertainty while the 

stakeholder measure, sense of place, has the most dramatic range of certainty spanning 

from standard deviations of 0.0 to 0.8.  The groundfish model produced the smallest 

amount of modeled uncertainty.  In this context, the next steps for this decision might 

include a re-evaluate of information regarding both cetacean suitability and sense of place 

to identify opportunities for improvement in levels of certainty. 

2.4.2 Discussion of Case Study 2 Results 

The appropriate method for interpreting the results of Case Study 2 depends on 
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the reason the decision is being made.  The criteria for this decision were: 1) of the areas 

being considered, the decision should favor the site(s) with the least potential for interac

tion between wave energy technology and Cetaceans, 2) of the areas being considered the 

decision should favor the sites with the least potential for interaction between technology 

and Groundfish and, 3) of the final sites, the area with the highest level of support from a 

public interest such as the coastal tourism industry should be favored. 

To address criteria 1, the BASS Cetacean model was included in the analysis which 

provides a basis for comparison between potential sites in terms of potential interaction 

with Cetaceans.  This model was developed around the feeding and migratory behavior 

of Gray Whales and, while we acknowledge that it is not an accurate representation of all 

cetaceans, in this example it is being used as a general cetacean proxy and is appropriate 

for inshore waters of the Oregon coast where Gray whale migration represents a signifi

cant potential interaction with human infrastructure.  The model results suggest that Site 

1 has the highest suitability probability (0.31+-0.1) while Site 2 and Site 3 have slightly 

lower, but very similar, suitabilities (0.22+-0.1 and 0.21+-0.1 respectively).  While these 

results suggest that both Site 2 and Site 3 would be preferable to Site 1, all three sites have 

relatively low suitabilities for Cetaceans, thus the likelihood of interaction with marine 

facilities is modeled as relatively low.  Depending on the basis for the decision, this result 

may be cause to demote this measure’s importance as a decision measure within the value 

structure being used to address the decision. 

To address criteria 2, the BASS Groundfish model was included in the analysis 

which provides a basis for comparison between potential sites in terms of potential inter

action with Groundfish habitat (interactions with the passage of fishing vessels is not con

sidered in this example case).  The model results suggest that Site 1 and Site 2 have com

parable suitabilities as groundfish habitat (0.85+-0.03 for each) while Site 3 has a slightly 

lower suitability (0.78+-0.06) making it the best choice in terms of decreased likelihood of 

http:0.78+-0.06
http:0.85+-0.03
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interaction between high suitability habitat and marine technology.  While there is a dif

ference between the preferred site (Site 3) and the other two sites, the values for all three 

sites are significantly higher than those for the Cetaceans model suggesting that there will 

be a higher likelihood of interaction between Groundfish and technology than there will 

be between Cetaceans and technology at these sites.  This finding may provide justification 

to increase the importance of the groundfish measure within the value structure used to 

assist in this decision. 

To address Criteria 3, the coastal tourism stakeholder proxy provided input re

garding potential impact to the public’s Sense of Place if technology was installed at each 

of the three sites.  The stakeholder results suggest that installation of technology at Site 1 

and Site 2 would result in a relatively low level of satisfaction (0.35+-0.12 for each) while 

installation at Site 3 would result in a significantly higher value (0.85+-0.20). 

Working stepwise through the three decision criteria we see that the initial evalu

ation, Cetacean Suitability, suggests that Site 2 and Site 3 are preferable to Site 1 as they 

would minimize interaction with cetaceans.  The second measure, the Groundfish Support 

model, illustrates that Site 3 is preferable to the other two sites which helps to further re

fine the findings from the Cetaceans model by advancing Site 3 ahead of Site 2.  The stake

holder measure, 

Sense of Place, 

provides final 

support for the 

decision sug

gesting that Site 

3 is the most 

preferable site 

(Figure 9). 
Figure 9 - Suitability and uncertainty of measures in case study 2 

http:0.85+-0.20
http:0.35+-0.12
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While it is good practice to explore and understand the data underlying the 

analysis, the BASS tool’s ability to fuse data into a single metric provides a mechanism to 

quickly get a feel for a side by side comparison of the sites.  In the case of this example, all 

criteria were left evenly weighted and, similar to walking through the results individually, 

the tool arrives at the conclusion that Site 3 has the highest level of support for technology 

development (0.851) while Site 1 and Site 2 have very similar results but are much lower in 

value (0.3575 and 0.3525 respectively). 

Given both the step by step progression through the modeled data output, and the 

site suitability suggested by the tool’s fusion of the data, the evidence suggests that Site 3 

would have the least potential for interference between the installation of marine technol

ogy and both the modeled and stakeholder decision measures identified in this example.  

As the BASS tool fuses multiple data types with various levels of certainty in each analysis, 

the final results of the analysis are most sensitive to those data with the highest levels of 

certainty.  This principle applies to both model and stakeholder inputs meaning that areas 

with lower levels of certainty represent opportunities for improvement of knowledge or 

“next steps” in the decision making process.  In the case of this example decision, mea

sures of both modeled cetacean suitability and stakeholder sense of place have relatively 

low levels of certainty while the modeled suitability of groundfish has much higher cer

tainty.  In this context, the next steps for this decision might include a re-evaluate of infor

mation regarding both cetacean suitability and sense of place to identify opportunities for 

improvement in levels of certainty. 

2.4.3 Tool Context 

Early development of computer aided decision support systems (DSS) began in 

the 1970’s (McIntosh et al., 2011).  These systems were different from previous computer

ized applications as they primarily focused on decision making effectiveness rather than 

operational efficiency.  As these tools evolved, their abilities to make use of increasingly 
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complex databases for decision support provided managers with information necessary to 

make informed decisions (Pearson and Shim, 1995).  As information technology rapidly 

developed into the 1990’s and 2000’s, decision support systems evolved to make use of 

these technological advances.  The advent of the internet brought new capabilities which 

allowed rapid exchange of information between managers over great distances and in

creased efficiency which broadened the use of DSS (Shim et al., 2002). 

Consumer driven advances in web-based technology, and decision support sys

tems, have resulted in increased cost effectiveness for internet based hardware and soft

ware development.  Self-guided, web based, DSS are now in common usage and allow 

users to make sequential choices leading to logical results.  One benefit of such applica

tions is the ability to use pre-existing web browser technologies such as Internet Explorer, 

Google Chrome or Firefox, as the user interface for these systems.  This allows utilization 

of many web based tools without requiring installation of application-specific software 

(Bharati and Chaudhury, 2004). 

Web based systems for decision support have now been developed for a wide 

variety of applications.  The medical field makes use of such decision support tools to 

aid in diagnosing illnesses or ordering the correct type and dose of medications.  These 

systems help decrease the occurrence of errors associated with drug allergies or dangerous 

medication conflicts (Kaushal et al., 2003).  Efforts to make environmentally conscientious 

decisions regarding terrestrial, aquatic, and marine resource management have resulted in 

a wide variety of decision support systems.  When effective, these systems often combine 

data and models with an easy-to-use interface which can incorporate a decision maker’s 

insights into the problem being addressed.  Additionally, new tool development is leaning 

more and more toward the inclusion of stakeholder input as an essential element to suc

cessful decision support (Matthies et al., 2007). 

While decision support systems been around for decades, the implementation of 
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these systems for environmental applications requires an understanding of interactions 

between complex and dynamic systems.  As recently as the late 1990’s, and to some degree 

today, environmental decision support systems (EDSS) often lacked support for features 

such as the ability to deal with spatial data, incorporate expert knowledge or assist the user 

during project formulation (Rizzoli and Young, 1997).  As the state of the art has evolved, 

and EDSS have become more common place, many of these hindrances have been gradu

ally overcome to be replaced by challenges such as end user engagement, stakeholder 

buy-in, ease of use, and cost of operation (McIntosh et al., 2011).  These issues aside, the 

advent of modern systems brings a more seamless incorporation of disparate data do

mains such as geography, climatology, and ecology into environmental policy decisions 

(Carrion et al., 2008).  Many of these decision support systems currently rely heavily on 

Geographic Information System technology to perform spatial operations as their primary 

analysis functions.  This is often the case for marine decision support systems such as 

Oregon MarineMap, an online web mapping service, and SeaSketch, an interactive online 

web mapping tool which allows users to explore possible decision outcomes. 

BASS aims to provide a holistic marine spatial planning decision support tool for 

the marine environment which uses spatial data, stakeholder input, and Bayesian analyses 

to inform the decision making process.  The tool is built into a web interface which allows 

stakeholders and mangers to participate in the decision making process on their own time 

in a location of their choosing, which facilitates broad tool usage.  The stakeholder data 

collection element of the tool allows for inclusion of uncertainty in the stakeholder partic

ipation while the tool’s use of Bayesian belief networks for analysis of spatial data provides 

a mechanism to incorporate and maintain uncertainty in the environmental measures. 

Modeling for marine spatial planning is accomplished using a wide variety of 

methods (Coleman et al., 2011).  The Bayes networks in the BASS tool provide a start

ing point to model ecosystem support functions, such as habitat suitability, and their 
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structures provide a simplified framework to represent ecological concepts such as niche 

relationships of modeled organisms.  Like many habitat suitability models (Guisan and 

Thuiller, 2005), Bayes nets in the BASS tool use expertly derived  response curves relating 

environmental variables to the fitness of modeled organisms.  At this stage in the tool’s 

development these response curves have been specified through expert knowledge and 

curves supported by actual data have not been evaluated against the models.  Future in

corporation of empirical response curves will provide a valuable step in model validation 

to improve the overall strength of the system (Hirzel and Le Lay, 2008; Roloff and Kerno

han, 1999).  The use of Bayes nets in environmental modeling is becoming increasingly 

popular (Ellison, 2004; McCann et al., 2006; Rowland et al., 2003), and gaining traction 

for spatial habitat and suitability modeling (Hicks and Pierce, 2009; Lockett, 2012; Marcot, 

2006) but this is the first application that we are aware of which uses a semi-automated 

system accessed through a web service to incorporate spatial data into Bayes networks for 

predictive purposes. 

2.5 Conclusions 

The nearshore marine ecosystem provides a broad range of resources for an even 

more diverse assemblage of users.  As such, when decisions are made regarding man

agement of marine resources, these choices have the potential to impact an incredible 

number of people.  In order to be effective, such decisions require the support of the full 

range of users.  The best way to accomplish this is by including the user community in 

the decision making process (Pomeroy and Douvere, 2008).  The BASS tool’s stakeholder 

input collection system provides a means to collect this type of information.  Additionally, 

the BASS tool’s ability to fuse stakeholder input with modeled environmental information 

is unique, to our knowledge, in decision support systems currently in use. 

Ideally these unique components of the tool will facilitate more robust decision 

making processes in which the constituent elements of the decision, and the reasoning 
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behind them, will be more transparent and readily understood.  As a result, controversial 

decisions may become less so, allowing discussion to be more focused on elements that 

drive the decision, and less on contentious elements when they have little impact on the 

outcome.  This technique hopes to facilitate a process that is more stable than other meth

ods. 

Currently, the tool provides modeled output specific to wave energy technology, 

use of the tool to provide modeled information for other types of technology would re

quire further development specific to the needs of a given decision.  While some decisions 

might require further model development,  would be necessary for modeled results to be 

included in a decision, the use of purely stakeholder measures, where appropriate, may 

allow the tool’s use in the absence of model results. 

The ability to manage model-driven decisions, stakeholder-driven decisions, or a 

combination of the two, makes the tool flexible in its potential use.  As opportunities are 

recognized for application of the BASS tool, additional uses will become apparent.  Out

reach to potential user groups has been performed at several meetings and tentative plans 

to use the BASS tool have been established in the context of site selection for new areas 

protected from fishing pressures. 

The BASS tool will facilitate a more robust decision making process in which the 

constituent elements of the decision, and the reasoning behind them, will be transparent 

and more easily understood.  As other processes are identified which may benefit from 

the capabilities provided by the BASS system, hopefully the tool will find additional uses 

beyond those in the design specifications. 
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3.0 Chapter 3 - General Conclusion 

The Bayesian analysis for spatial siting project presents an innovative approach 

combining two disparate types of data into a single metric for site by site comparison.  

While the tool is still in its infancy, potential applications of this approach seem abundant 

and as uses for the tool arise its strengths and weaknesses will become more apparent.  

The identification of potential areas of improvement through tool use will likely guide fu

ture development of the tool.  In its current state, and during future development, the tool 

will likely provide decision support for a variety of marine resource use groups.  These 

may include both government and private entities concerned with making informed deci

sions regarding marine resources. 

The tool’s structure, which includes both the BASS Display Port and the BASS 

Decision Engine, provides a holistic approach to decision support.  These two elements 

provide complimentary functions which support decision considerations ranging from 

initial site filtering to alternative analysis between sites.  Further vetting of the tool will 

guide future development and improvement. 

One potential improvement identified through tool development was related to the 

way the tool applies the Bayes nets.  The models used in the tool can be applied to spatial 

data in two ways, the way that the BASS decision engine uses the nets allows for site by 

site comparisons which are useful in scenarios where the tool is applied to model discrete 

site suitabilities.  This method is used to evaluate multiple sites in a side by side compari

son.  The second method is through a point by point evaluation of conditions in a grid

ded network at a uniform cell granularity.  In this method each point receives a level of 

satisfaction and certainty that corresponds to the underlying conditions.  These values can 

then be plotted spatially as raster datasets which allows the display of the model results 

applied over larger areas. 

While the first of these methods is built seamlessly into the tool, the second usage 
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method is accessed through a web form built to allow users to manually request model 

outputs from user specified extents.  The output from this form is a zipped folder contain

ing Esri grid datasets of the extent requested by the user.  In future versions of the tool it 

would be more convenient for this functionality to be included in the tool’s main web user 

interface. 

It is important to note that the models in the BASS tool represent a starting point 

for the system and, as with most models describing ecological systems, have significant 

limitations.  One such limitation is that they assume, with the exception of some basic 

predator-prey interactions, that suitability is dependent almost exclusively on biotic-abi

otic interactions.  Other ecological principles, such as competition, symbiosis, or parasit

ism may play equal, if not more, important roles in species distributions (Guisan, A. and 

Thuiller, W., 2005) but are not included in the models.  To facilitate tool defensibility, fu

ture tool development will include vetting of models against additional expert knowledge 

as well as validation of models against empirical datasets, where available.  This evaluation 

of model performance will provide benchmarks for future improvements of the models 

and ultimately lead to a better system. 

The limitations identified for the tool, and the models contained therein, are not 

comprehensive and as the tool gains traction through use by the broader community its 

strengths and weaknesses will become more apparent.  As they become more apparent, 

additional development tasks may be identified to improve the system for future use. 
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1. PROJECT BACKGROUND 
The marine renewables industry is advancing at an unprecedented pace. Technology 
advances and clarity about the leasing and licensing process have fostered proposals around 
the nation in both state and federal waters. As these proposals are evaluated, too often 
decision makers lack the tools and information needed to properly account for cumulative 
effects, ecosystem services, and the tradeoffs associated with alternative human uses of the 
ocean (Interagency Ocean Policy Taskforce 2009). Siting issues in the context of coastal and 
marine spatial planning (CMSP) require decision support systems that address stakeholder-
inclusive, spatial multi-objective decision-making in uncertain conditions. 

Responding to this need, the Bureau of Ocean Energy Management (BOEM), the Department 
of Energy (DOE) Office of Energy Efficiency and Renewable Energy (EERE), and the 
National Oceanic and Atmospheric Administration (NOAA) jointly funded this study to 
develop the Bayesian Assessment for Spatial Siting (BASS) tool. BASS is a multi-criteria 
decision analysis system to evaluate ocean renewable energy project proposals in the context 
of CMSP. The award was made through the National Oceanographic Partnership Program 
(NOPP) to a team led by Parametrix in September 2010. The project team included a 
combination of private industry and academic researchers that includes Oregon State 
University, Robust Decisions, and Aquatera. 

1.1 PROJECT DELIVERABLES 
In addition to the software necessary to run the BASS tool, the project deliverables include 
two written documents: The BASS Tool Final Report (this report) and the Technical Manual. 
These two documents describe the rationale behind the tool, the methodology followed to 
develop the tool, and guidance for using the tool. This Final Report provides a detailed 
description of the conceptual models, model algorithms, and associated metadata for all 
BASS tool functionality, and also includes case studies and summaries of stakeholder 
outreach activities completed during tool development. The Technical Manual provides 
instructions for tool operation. 

This report is designed for those seeking to possess a detailed understanding of BASS 
model functionality and application. Those seeking to quickly utilize the BASS tool may 
wish to begin with the Technical Manual, and return to this report to investigate the 
specific aspects or functionality of the BASS tool that is the most interesting and/or of 
greatest relevance. 
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2. INTRODUCTION TO BASS 
BASS provides a robust, quantifiable decision support system to integrate disparate 
bio-geophysical, social, and infrastructure information and associated uncertainties in an 
explicit way to assist decision makers with site evaluations of future ocean renewable energy 
projects. Further, BASS is a CMSP tool that captures, shares, and compares ideas from 
stakeholders, proposal proponents, and decision makers, helping them to understand the 
resource implications of different management alternatives and reveal tradeoffs among 
management alternatives. 

2.1 GOALS AND OBJECTIVES 
BASS is designed for application in a science-based regulatory environment that requires the 
use of best available scientific, economic, and social information to produce a multi-criteria 
analysis to assist federal, state, or regional siting programs with future ocean renewable 
energy project decisions. BASS is designed to support an: 

•	 Understanding of the inter-relationship between ocean and coastal conditions and the 
activities the ocean supports; 

•	 Understanding of the inter-relationship between the respective activities supported by 
the ocean; 

•	 Understanding of the cumulative effects from the ongoing or proposed change in use 
of the ocean to support these activities; 

•	 Understanding of the level of uncertainty with regards to the inter-relationships and 
cumulative effects associated with ocean conditions and ocean activities; 

•	 Understanding of the level of uncertainty associated with the data available to help 
identify ocean conditions and activities; and 

•	 Understanding and integration of the values of the various stakeholders in the 
decision-making process. 

2.2 DOCUMENT OVERVIEW 
This report is divided into the following sections, each of which highlights a key element of 
tool development or application: 

•	 Project background 

 Project deliverables 

•	 Introduction to BASS 

 Goals and objectives 

 Document overview 

•	 System design: An ecosystem services–based framework constructed in a Bayesian 
architecture 

 Ecosystem services–based framework 

 Bayesian analysis 

•	 Model requirements and tool structure 

 System components and integration 
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•	 Applications for the tool: User scenarios 

 Planning entity seeking to identify areas suitable for developing marine 
renewables 

 Project developer vetting site alternatives 

 Agency lead evaluating alternatives 

 Agency evaluating a permit application 

•	 Model applications and Testing 

 Overview 

 Case Studies (West Coast, NNMREC: Statewide, PMEC: Site Comparison) 

 Outreach and Beta Testing 

•	 Conclusion 
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3.	 SYSTEM DESIGN: AN ECOSYSTEM SERVICES-BASED 
FRAMEWORK IN A BAYESIAN ARCHITECTURE 

3.1 ECOSYSTEM SERVICES-BASED FRAMEWORK 
BASS uses an ecosystem services approach to analysis.  U sing an ecosystem services 
approach provides a robust analysis that considers the interaction and relationships between 
ecological, social and economic systems. This ecosystem services framework has been built 
into a Bayesian modeling approach. Because Bayesian modeling is effective at combining 
objective science data with subjective information based on human perspectives and values, it 
is particularly well suited to handling ecosystem service analysis. The following section 
provides an introduction to these respective aspects of the BASS tool.  

At a h igh level, the team is using ecosystem services as the framework for identifying and 
measuring relevant ocean and coastal processes. Ecosystem services are the goods, services 
and benefits society derives from nature (Daily 1997). Most of these have been identified in 
the Millennium Ecosystem Assessment [MEA] (2003). In the marine context this is often 
heavily weighted toward food production from fishing harvest, but also includes recreation, 
transportation, and cultural values such as views and sense of place. Other services include 
the ability of near shore and marine environments to cycle nutrients for marine and terrestrial 
uses, and to cycle atmospheric gases helping regulate the climate and air quality (Alcamo and 
Millennium Ecosystem Assessment (Program) 2003). Marine renewable projects have the 
potential to negatively impact some services provided by the ocean and enhance others. 
Marine renewable energy also harnesses the ecosystem service of energy production from 
wave and wind resources. By using services as a basis for this analysis – all decisions can be 
related through a common language. 

The MEA services are not the entire list of possibilities, but they represent a core set of 
services that have been identified as important for decision making in a marine and coastal 
context (Hassan and Millennium Ecosystem Assessment (Program). 2005). 

Figure 1. A Framework for Thinking About Ecosystem Services 
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First - it is necessary to understand the condition of the landscape or ocean-scape being 
evaluated. This means understanding how the substrate, vegetative structure and composition, 
bathymetry, tidal forces, and other conditions contribute to the performance of ecological 
functions (both biotic and abiotic). In the ecosystem services context, these are referred to as 
production functions. 

Second - the ecological functions combine to provide the benefits that we need for survival 
and quality of life. By understanding how these various functions combine to provide the 
ecosystem services we depend on, it is possible to measure the amount of benefit, (i.e., 
ecosystem services) provided by the ocean or coastal area being analyzed. 

Third – If we know the extent of the flow of benefits off the particular portion of the ocean or 
coast, then we can apply context considerations (e.g., level of community dependence, 
scarcity, proximity, relative need, potential to replace the service) to determine the relative 
value of the benefits being produced. While valuation of ecosystem services often focus on 
describing a dollar value for the benefits produced, the limitations of that approach are 
increasingly being recognized. In BASS the value of services is understood in terms of the 
extent to which the service is a p riority to the community or stakeholder. This approach 
captures the context considerations listed as examples above. 

Figure 2 illustrates this framework translated into the Marine Spatial Planning context. The 
concept models included in Section 4 be low were constructed around the attributes – 
functions – services  – values framework.  

Figure 2. Hierarchy of Model Components 

Although biodiversity was not included within the initial MEA list as being a p art of 
ecosystem services analysis, it is generally accepted that biodiversity cannot be decoupled 
from ecosystem services. First, species are integrally linked to performance of many 
production functions. Second, species support as a function is tied to some services (e.g., 
ground fish production is an important aspect of a fisheries provisioning service, or whale 
production contributing to recreation on the coast). Third, species are often valued 
intrinsically by many. While this existence value may be difficult to express in monetary 
terms, money is not the only way value can be expressed or understood. Given these factors, 
the BASS tool incorporates the ability to measure and value several specific species. 
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3.2 BAYESIAN ANALYSIS 
Bayesian analysis complements an ecosystem services framework particularly well. The 
ecosystem services framework described above builds on a mix of objectively measurable 
physical and biological processes with subjective data. Some benefit flows can only be 
understood with this subjective data included in the calculus, and value is purely a reflection 
of community and stakeholder perspectives. Bayesian analysis is particularly adept at 
combining objective and subjective data flows. 

Beyond the suitability of Bayesian analysis to support an ecosystem services framework, 
there are deeper reasons why a Bayesian approach is appropriate for BASS. Virtually all 
spatial planning and analysis tools currently built today are built around the power of existing 
Geographic Information Systems (GIS) applications. This is appealing because adapting 
current systems for planning purposes appears straightforward. They handle spatial datasets 
of varying resolutions, handle image (raster) and point and line (vector) data at the same time, 
which are two basic requirements for such a system. They are widely available and there is a 
large user base with familiarity with GIS systems, more so with time as t hey become 
increasingly user friendly. Yet despite these attractive features, GIS systems fundamentally 
fall short in several critical ways: 

•	 They do not handle multidimensional data well; 

•	 They do not account for or propagate uncertainties in the data; 

•	 They do not handle temporal data well or at all, and 

•	 They do not really help the user make a decision. Rather, they simply present the 
result of a simple, one-dimensional analysis. 

3.2.1 The Challenge of Multidimensional Data 
Understanding the limitations of GIS becomes more apparent when the GIS architecture is 
considered. GIS systems can display rasters and vectors; they are placed in the same spatial 
context, but in GIS systems, they do not interact very much. So all data ingested in a GIS 
must be reduced to either a r aster image, or a v ector shape consisting of lines, points or 
polygons. In any natural system, reducing the data to these forms is difficult at best, and 
impossible in many cases. For example, marine GIS layers such as b athymetry, aerial 
photography, satellite imagery and derivatives naturally lend themselves to GIS layering.  

Likewise, point sample data, areas that can be well –described by polygons and lines, such as 
shipping routes, jurisdictional and regulatory boundaries, and simple natural layers such as 
surficial geology, can be reduced to vector polygons. However, not all data can be effectively 
transfigured into two-dimensional rasters and polygons. Most marine systems still have many 
gaps and patchy data. Further, while many biologic and oceanographic datasets reside in 
multidimensional databases, some of them exist as relational databases, and many include the 
element of time. 

For example, on the U.S. West Coast, a biological database known as the Habitat Use 
Database (HUD) contains information about 323 species of bottom or near bottom dwelling 
fish in a R elational Database Management System (RDBMS). For each species, the HUD 
contains information about the preferences that fish has for substrate, water depth, 
temperature, and other attributes where known. It also contains similar information for the 
life stages of the species, separating juveniles from adults. Each preference includes a 
“strength of affinity” measure of how strong its preferences are thought to be, and gives 
maximum and preferred ranges for them. With oceanographic data, a typical example is a 
four dimensional database of current velocity in three-dimensional volume space, and time, 
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combined with other attributes such as dissolved oxygen and salinity. Neither of these two 
examples, typical in natural systems, can be reduced to two-dimensional polygons nor 
analyzed in a GIS. Yet this is the basis for CMSP systems today. The data must be grossly 
simplified in order to fit into the GIS software architecture, severely compromising much of 
the power of the data in order to use the convenience of a GIS. 

Once the simplifying is done, areas can be scored for their positive attributes by summing 
values for overlapping polygons with positive attributes, and comparing one score to another 
score at another location. In this way, a map of areas that are more positive for a g iven 
analysis goal, and less positive can be constructed. This “analysis” has the appearance of 
using the data and good scientific method; however, the analysis is flawed for reasons 
explained in greater detail in the following sections. 

3.2.2 Managing Data Uncertainty 
All types of data come with uncertainties, and in the marine world of patchy data, they are 
worse than average. Uncertainties come in many forms, and can range from insignificant to 
insurmountably large. In any analysis, you need to have some grasp of these errors in order to 
know if the analysis is valid, over what range is it valid, and is it a good basis for decision 
making? GIS systems inherently do not handle uncertainties at all, a significant problem 
when regulatory decisions are to be made, or when a rigorous analysis is needed. These two 
concepts go hand in hand, a good analysis is a requirement of a good decision if the decision 
is to be science based, and even more so if the decision has legal and societal implications 
that may last for many years.  

3.2.3 Addressing Temporal Data 
Everything changes, the ocean environment changes constantly on many timescales, with the 
biological, oceanographic and geological elements of the system constantly in flux in ways 
we are only beginning to grasp. Understanding such systems at even the most basic level 
requires consideration of time. From seasonal to decadal change, planning involves some 
projection of what things will be like in the future. GIS systems, in the process of reducing 
the data into polygons and rasters, usually lose the element of time along with other 
information in order to fit the required mold. This can be rectified to some extent where 
temporal data or trends are available by generating future time steps and reanalyzing the 
outcome based on a future time interval. Other systems that perform analysis on dense multi-
dimensional data can incorporate time in the analysis, but at present such datasets in the 
marine environment are not common, and often of insufficient resolution to address relatively 
precise renewable energy siting issues. 

3.2.4 The Solution: Bayesian-Based Decision Making 
A solution for these issues is not as insurmountable as it might seem.  What is needed is to 
add the spatial power of GIS to a processing engine that can handle four missing components: 
complex data, patchy data, uncertainties, and time. Various types of analysis can handle these 
issues one or two at a time typically, and may require data density and homogeneity that is 
unrealistic in typical marine settings.  In addition, true decision support should incorporate a 
fifth element:  the capability to help actually reach a consensus decision once the scientific 
analysis is complete. 

One solution that has been applied effectively is to build an analysis engine based on 
Bayesian analysis methods. Bayesian analysis is a simple and straightforward way to 
incorporate uncertainties, time, complex and patchy data, or even missing data, into a robust 
analysis system that can also report the robustness of the outcome and how sensitive the 
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outcome may be to any particular piece of data. This allows the user to know which data are 
important, which can be ignored, and which would help the most in making a decision more 
robust.  Where temporal trends are available, they can be incorporated in time-step analyses 
where dependencies between temporally changing elements can also be utilized. 

The Bayesian system fundamentally combines probabilities in conceptually the same way a 
GIS combines rasters and vectors, but with a rigorous method replacing the ad-hoc additive 
method used in GIS analysis. Because Bayesian systems combine probabilities rather than 
explicit cell values, the incomplete nature of some data can be handled more gracefully by 
assigning a 50% probability, as compared to assigning  a z ero or “no data” value.  A 
Bayesian system can also be used in the final stage of decision-making, allowing users to 
engage in “what if” scenarios, and input their subjective values into the decision. Fusing an 
analysis of alternatives with a robust science-based foundation simplifies the process of 
building consensus. Lastly, the decision making criteria and stakeholder concerns can be 
visualized in a GIS system, so that the users can view the outcomes, the underlying data, and 
the analysis results in an intuitive way.   

A Bayesian based system is in many ways well suited for decision making in the marine 
environment. The information presently available for ocean renewable energy project siting 
in the context of coastal and marine spatial planning is often uncertain, incomplete, and 
evolving, as well as of great interest to society.  BASS is capable of integrating the scientific, 
social, and economic data for assisting evaluation of proposed project sites even in data-poor 
settings. 

The information presently available for ocean renewable energy project siting in the 
context of coastal and marine spatial planning is often uncertain, incomplete, and 
evolving. BASS is capable of integrating the biological, social, and economic data for 
assisting evaluation of proposed project sites in data-poor or data-deficient situations. 

BASS integrates oceanographic, ecological, human use data, stakeholder inputs, and 
cumulative impacts for the evaluation of ocean renewable energy proposals. The tool 
utilizes Bayesian decision methods to account for uncertainty, and manages multiple 
data types, including stakeholder preferences and GIS-based data processing. 
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4. MODEL REQUIREMENTS AND TOOL STRUCTURE 

4.1 SYSTEM COMPONENTS AND INTEGRATION 
BASS combines functionality from several stand-alone tools and datasets to integrate 
scientific predictions of wave energy impacts and uncertainties with stakeholder values 
through a comprehensive analysis. The BASS decision support model integrates existing 
deterministic spatial siting and cumulative effects models with Bayesian Belief Networks 
(BBNs) to incorporate both model and data uncertainty. The system utilizes an intuitive 
online user interface to collect stakeholder input on overall value structures and beliefs about 
specific subjective decision measures. BASS then uses a Bayesian probabilistic approach to 
weight and combine model predictions with subjective stakeholder inputs. This approach 
provides a final, comprehensive set of suitabilities to aid in the decision making process. 
BASS can track sensitivities within the weighted outputs, making it p ossible to determine 
which stakeholder values are more important to the decision-making process and which are 
less (regardless of whether or not there is strong stakeholder disagreement over the issue). 
Each of the BASS tool components are described in greater detail in the following sections. 

4.1.1 Tool Components 
Five core components make up t he BASS application: (1) a data library, (2) a predictive 
modeling engine, (3) a display environment for models and advisory information, (4) a 
decision making engine, and (5) the BASS user interface web application unifying all 
components. Each of the BASS components is described in greater detail in the following 
sections. 

4.1.1.1 Data Library 
A data library to support Marine Renewable Energy siting along the west coast has been 
compiled for BASS. The library builds upon the OWET Cumulative Effects Data Library and 
is composed of datasets and data services collected from federal agencies, state agencies, 
research institutions, conservation organizations, industry partners, and others. Data themes 
range from Seabed Substrate types and biological distribution information to marine shipping 
and ocean use data. Collectively, these data drive the scientific support models and provide 
the advisory information for the BASS display environment. Specifically, the BASS Model 
Service (System component #2) utilizes datasets from: 

• BOEM and the Marine Cadastre; 

• National Oceanographic and Atmospheric Administration; 

• Northwest Association of Networked Ocean Observing Systems (NANOOS); 

• Oregon Department of Land Conservation and Development; 

• Oregon Department of Fish and Wildlife; 

• Oregon State University; 

• Pacific Coast Ocean Observing System (PaCOOS); and 

• Pacific Marine Fishery Management Council. 

BASS scientific and stakeholder data is organized for archive, access, and use in system 
databases. A database is an information system combining multiple dimensions of data with 
explicit relationships. They may be as simple as a series of tables that relate a single piece of 
information across a range of attributes. More complex models have unlimited dimensions 
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and relationships. Database systems, including those in place within BASS, generally include 
analytical capabilities to query datasets based on relationships defined in the data. 

A special class of database is the geodatabase. Geodatabases add spatial relationships to the 
data structure. Applications designed to use geodatabases may perform spatial operations 
which include querying datasets for intersections between features or proximity operations 
between dataset elements. However, databases by themselves do not visualize or analyze 
data, but are data management engines for GIS (Paul Longley et al. 2001, 226-233). Data 
visualization, mapping, and analysis are provided at levels above the geodatabase often 
through web services and web mapping tools. 

Examples of databases in use for planning and management along the west coast and relevant 
to BASS include: 

•	 Impact and Resource Database from RERA 

•	 Habitat Use Database from NOAA’s Northwest Fisheries Science Center 

•	 BOEM Multipurpose Marine Cadastre 

The BASS Tool incorporates two databases, one to store project setup, stakeholder data, 
scientific model output, and decision results for a specific project, and another to store model 
attribute and model output data in geospatial format. The BASS Model Service (System 
Component #3) processes spatial information from the geodatabase through Geographic 
Information System linked Bayesian Belief Networks (GIS-BBNs) to create spatial outputs in 
point (for the decision engine) and raster (for the display port) geospatial data formats.  

In production, the BASS Model Service draws attribute information from a directory of raster 
datasets and not a t rue geodatabase. Theoretically an ESRI file geodatabase or SDE 
geodatabase could have been implemented. However, the processing BBNs with the BASS 
Model Service is computationally intense and every step was taken to optimize data access 
speed. While the ESRI File Geodatabase is known to provide performance advantages over 
the ESRI personal and SDE databases any database introduces added overhead and 
complexity. To share or transfer data among system users for purposes external to BASS we 
have selected the ESRI File Geodatabase format, but to streamline the Model Service data are 
stored locally in ESRI Grid and Shapefile formats. 

The BASS Data Library stores: 

•	 Data Envelopes or bounding information 

•	 Advisory Feature and Raster data. 

•	 Model Attribute Raster Datasets 

•	 Output Raster Datasets 

The BASS data library supports: 

•	 BASS Functional Model BBNs 

•	 BASS Web Map Services (for the Display Port or for distributed desktop analysis 
needs) 

A table of datasets that BASS uses to provide model attribute information, environmental 
conditions data, to scientific support models is provided in Table 1. This catalog of model 
attribute data is available for download and provided for advisory viewing through the BASS 
Display Port. 
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In Table 1, each BASS scientific model is linked through its attributes to raster datasets that 
describe attribute conditions. This table presents a key to the attributes by model. While many 
attributes appear to recur in multiple models (e.g. depth or seabed substrate) attribute scoring 
is varied according to the model design. The predictive models section explains attribute 
scoring in more detail. 

Table 1 BASS Datasets 
Model Model Attribute Model Model Attribute 
Cetaceans Water Depth 
Cetaceans Seabed Substrate Type 
Cetaceans Forage Depth 
Cetaceans Kelp Distance 
Groundfish Water Depth 
Groundfish Seabed Mega-Habitat Type 
Groundfish Seabed Substrate Type 
Pinnipeds Water Depth 
Pinnipeds Groundfish Support Score 
Pinnipeds Salmon Support Score 
Pinnipeds Presence of Haulouts or Rookeries 
Pinnipeds Proximity to Haulouts and Rookeries 
Pinnipeds Potential for Haulout or Rookery 
Commercial Fishing Commercial Fishing Effort Score 
Recreation Recreational Use Score 

Mid-Water Device Water Depth 
Mid-Water Device Seabed Substrate Type 
Mid-Water Device Distance to Sub-Stations 
Mid-Water Device Distance to Shore 
Mid-Water Device Distance to KV Supply Line 
Mid-Water Device Distance to Service Port 
Mid-Water Device Distance to Deep Water Port 
Deep-Water Device Water Depth 
Deep-Water Device Seabed Substrate Type 
Deep-Water Device Distance to Sub-Stations 
Deep-Water Device Distance to Shore 
Deep-Water Device Distance to KV Supply Line 
Deep-Water Device Distance to Service Port 
Deep-Water Device Distance to Deep Water Port 
Kelp Kelp Patch Size 

Crustaceans Sea Surface Temperature (Adults) Kelp Exposure to Waves 
Crustaceans Presence of Kelp Kelp Tidal Range 
Crustaceans Presence of Seagrass Kelp Seabed Substrate Type 
Crustaceans Seabed Substrate Type Kelp Water Depth 
Crustaceans Kelp Support Kelp Outfall Locations 
Crustaceans Sea Surface Temperature (Juveniles) Kelp Sea Surface Temperature 
Coastal Device Water Depth Coastal Resilience Recreational Effort 
Coastal Device Seabed Substrate Type Coastal Resilience Coastal Vulnerability Map 
Coastal Device Distance to Sub-Stations Coastal Resilience Geologic Unit Map 
Coastal Device Distance to Shore Coastal Resilience Predominant Wave Direction (Jan) 
Coastal Device Distance to KV Supply Line Coastal Resilience Predominant Wave Direction (July) 
Coastal Device Distance to Service Port Coastal Resilience Predominant Wave Direction (Nov) 
Coastal Device Distance to Deep Water Port Visual Importance Urban1 

Visual Importance Wildlife 
Visual Importance Shore 
Visual Importance StatePrk 
Visual Importance Coastal 

4.1.1.2 Predictive Models: The BASS Model Service 
The second BASS System Component is a Geographic Information System (GIS) linked 
Bayesian Belief Network (GIS-BBN) predictive modeling engine. The primary purpose of 
the BASS Model Service is to evaluate initial and final site suitability using a su ite of 
predictive models and provide those results back to the BASS Decision Engine for later 
fusion with stakeholder data or further analysis. Presently the BASS Model Service runs GIS-
BBNs for BASS but the service is extensible and may be further developed to run other 
model types. 

To support the BASS Model Service system component, several sub-components were 
necessary and developed: 

• Bayesian Predictive Models 
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•	 Geo-processing and Web Services 

•	 Visualization Environment 

Thus, the BASS Model Service system component builds upon the Data Library and the 
OWET Conceptual Models by translating the models to BBNs, querying the data library for 
model attribute information, and processing the results. In turn, the BASS Display Port and 
Decision Engine (system components 3 & 4) build upon the BASS Model Service as their 
source for scientific data input. 

Conceptual Models 
The BASS Scientific Models were developed from conceptual models describing ecosystem 
service support. These conceptual models describe relationships between ocean conditions 
and the ecological processes and human uses that rely on those conditions. More specifically, 
a conceptual model defines attribute relationships and model attribute conditional scoring. 
Attributes are indicators present within each map unit, and are measured in defined 
quantitative and/or qualitative ranges. In the conceptual models, each attribute is scored 
according to how it contributes to the performance of one or more functions. Functions are 
the physical and biological processes performed by ecosystems, and ecosystem services are 
the societal benefits that result from nature’s performance of functions. 

These resources, ecosystem services, and functions of interest include: 

•	 Coastal Wave Energy Device Feasibility in an Economically-Constrained 
Environment; 

•	 Mid-Depth Wave Energy Device Feasibility in an Economically-Constrained 
Environment; 

•	 Deep-Water Wave Energy Device Feasibility in an Economically-Constrained 
Environment; 

•	 Cetacean Support; 

•	 Crustacean Support; 

•	 Ground Fishing Support; 

•	 Kelp Support; 

•	 Pinniped Support; 

•	 Commercial Fishing Support; 

•	 Non-Consumptive Recreation Support; 

•	 Visual interaction; and 

•	 Coastal Resilience. 

The conceptual models and associated scoring criteria for ten of these resources, ecosystem 
services, and functions of interest follow. Conceptual models were not developed for either 
the Commercial Fishing Support or Non-Consumptive Recreation Support ecosystem 
services, since both of these services are currently mapped using a si ngle data point. For 
example, the Commercial Fishing Support model relies solely on a data layer generated by 
FishCred, and the Non-Consumptive Recreation Support model relies solely on a data layer 
generated by EcoTrust/Surfrider Survey Data. 
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Figure 3. Coastal Energy Production – Economically Constrained Environment  
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Model Specifications 
The economically-constrained coastal device feasibility Attribute: Wave Energy Data Attribute: Distance to Substation* Attribute: Distance to Service Port 
model evaluates the feasibility of siting coastline * We have assumed all wave energy to be equal Ref. Classification Score Ref. Classification Score 
converter and coastal surge devices in a pre- regimes along the Oregon coast and, as a result, 1 <5 NM 10 1 <5 NM 10 
commercial context. In this context, wave energy valued as one within the model. 2 5 NM < 10 NM 9 2 5 NM < 10 NM 9 
devices do not generate significant revenue, and as a 3 10 NM > 15 NM 7 3 10 NM < 15 NM 8 
result, the suitability scoring reflects the financial 4 15 NM > 20 NM 4 4 15 NM < 20 NM 7 
importance of proximity to shore and a potential grid 5 > 20 NM 1 5 20 NM < 25 NM 6 
connection. The coastal device model combines three 6 25 NM < 30 NM 5Source: Buffered distance from shoreline vector 
sub-models or functions to evaluate the feasibility of 30 NM < 50 NM 3data 7Attribute: Depth siting the device. Coastline converter devices are 8 >50 NM 1

Ref. Classification Score located on an existing natural or man-made coastline, Attribute: Distance to Shore Source: Buffered distance from shoreline vector 
0m < 10m 0or where a new coastline is artificially created in near- 1 Ref. Classification Score data 

shore waters. Coastal surge devices harness the 2 10m < 20m 10 
1 <1 NM 1020m < 30m 0energy generated by a flap moving laterally in 3 
2 1 NM < 2 NM 9 Attribute: Deepwater Port Distance 

response to wave motion in shallow water. The three 4 30m < 40m 0 
3 8 Ref. Classification Score 2NM < 3 NM 40m < 50 m 0sub-models that determine coastal wave energy 5 
4 3 NM < 4 NM 7 1 <5 NM 10 

device feasibility include site quality, grid connection, 6 50m < 75m 0 
5 4 NM < 5 NM 6 2 5 NM < 10 NM 1075m < 85m 0and shore-side support. 7 
6 5 NM < 6 NM 5 3 10 NM < 20 NM 108 85m < 100m 0 
7 6 NM < 7 NM 4 4 20 NM < 30 NM 9100m < 200m 0The site quality sub-model evaluates the suitability of a 9 
8 7 NM < 8 NM 3 5 30 NM < 40 NM 8 

potential site to provide adequate water depths for 10 >200m 0 
9 8 NM < 9 NM 2 6 40 NM < 50 NM 7 

coastal device operation, and the presence of a Source: 100m DEM Bathymetry 10 9 NM < 10 NM 1 7 50 NM < 100 NM 6 
substrate suitable for anchoring a coastal wave energy > 10 NM 0 8 100 NM < 150 NM 5 
device. The grid connection sub-model evaluates the Attribute: Substrate 11 

150 NM < 200 NM 3Source: Buffered distance from shoreline vector 9 
suitability of grid access based on the Euclidean Ref. Classification Score data 10 >200 NM 1 
distance to a substation, distance to shore, and the 1 Rock 10 Source: Buffered distance from shoreline vector 
Euclidean distance to the closest transmission line, or 2 Shell 7 Attribute: Distance to KV Line* data 
kilovolt (KV) line. While connecting to a sub-station is 3 Gravel 7 Ref. Classification Score not anticipated to be a necessity for most pre- 4 Sand 8 

1 0 <3 NM 10commercial installations, it is a relevant factor for site 5 Cobble 5 
2 3 NM < 6 NM 10expansion opportunity. The shore-side support sub- 6 Mud 8 
3 6 NM < 9 NM 8model evaluates the ability of existing shore-side Source: DOGAMI 4 9 NM < 12 NM 4resources to satisfy wave energy developers’ needs for 
5 12 NM < 15 NM 2access to a deep water port for device installation, and 
6 > 15 NM 0access to a service port for intermittent wave energy 

Source: Buffered distance from the wave energy device operations and maintenance. 
device to KV transmission line  data 
*Transmission line and substation data was 
downloaded from Oregon Marine Map 
(http://www.arcgis.com/home/item.html?id=4c2a3 
2e62b254fb08a33e4a0d1ab75b5). 
Land-based distances do not reflect elevation or 
obstacles. All directions on land are assumed to be 
line-of-sight or Euclidean distances. 
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Figure 4. Mid-Depth Energy Production - Economically Constrained Environment  
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We have assumed all wave energy to be equal regimes along the Oregon coast and, as a 
result, valued as one within the model. 
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Bureau of Ocean Energy Management 

Model Specifications 
The economically-constrained mid-depth wave energy Attribute: Wave Energy Data Attribute: Distance to Substation* Attribute: Distance to Service Port 
device feasibility model evaluates the feasibility of * We have assumed all wave energy to be equal Ref. Classification Score Ref. Classification Score 
siting offshore oscillating water column, offshore regimes along the Oregon coast and, as a result, 1 <5 NM 10 1 <5 NM 10 
surge, offshore flywheel, and offshore pressure wave valued as one within the model. 2 5 NM < 10 NM 9 2 5 NM < 10 NM 9 
energy devices in a pre-commercial context. In this 3 10 NM > 15 NM 7 3 10 NM < 15 NM 8 
context, wave energy devices do not generate 4 15 NM > 20 NM 4 4 15 NM < 20 NM 7 
significant revenue, and as a result, the suitability 5 > 20 NM 1 5 20 NM < 25 NM 6 
scoring reflects the financial importance of proximity 6 25 NM < 30 NM 5Source: Buffered distance from shoreline vector 
to shore and a potential grid connection. The mid- 30 NM < 50 NM 3data 7Attribute: Depth depth device model combines three sub-models or 8 >50 NM 1

Ref. Classification Score functions to evaluate the feasibility of siting the Attribute: Distance to Shore Source: Buffered distance from shoreline vector 
1 0m < 10m 1device. Ref. Classification Score data 
2 10m < 20m 10 

1 <1 NM 1020m < 30m 9The three sub-models that determine mid-depth wave 3 
2 1 NM < 2 NM 9 Attribute: Deepwater Port Distance 

energy device feasibility include site quality, grid 4 30m < 40m 8 
3 8 Ref. Classification Score 2NM < 3 NM 40m < 50 m 7connection, and shore-side support. The site quality 5 
4 3 NM < 4 NM 7 1 <5 NM 10 

sub-model evaluates the suitability of a potential site 6 50m < 75m 4 
5 4 NM < 5 NM 6 2 5 NM < 10 NM 1075m < 85m 2to provide adequate water depths for mid-depth 7 
6 5 NM < 6 NM 5 3 10 NM < 20 NM 10 

device operation, and the presence of a substrate 8 85m < 100m 1 
7 6 NM < 7 NM 4 4 20 NM < 30 NM 9100m < 200m 0suitable for anchoring a mid-depth wave energy 9 
8 7 NM < 8 NM 3 5 30 NM < 40 NM 8 

device. The grid connection sub-model evaluates the 10 >200m 0 
9 8 NM < 9 NM 2 6 40 NM < 50 NM 7 

suitability of grid access based on the Euclidean Source: 100m DEM Bathymetry 10 9 NM < 10 NM 1 7 50 NM < 100 NM 6 
distance to a substation, distance to shore, and the 11 > 10 NM 0 8 100 NM < 150 NM 5 
Euclidean distance to the closest transmission line, or Attribute: Substrate 150 NM < 200 NM 3Source: Buffered distance from shoreline vector 9 
kilovolt (KV) line. While connecting to a sub-station is Ref. Classification Score data 10 >200 NM 1 
not anticipated to be a necessity for most pre- 1 Rock 8 Source: Buffered distance from shoreline vector 
commercial installations, it is a relevant factor for site 2 Shell 2 Attribute: Distance to KV Line* data 
expansion opportunity. The shore-side support sub- 3 Gravel 10 Ref. Classification Score model evaluates the ability of existing shore-side 4 Sand 2 

1 0 <3 NM 10resources to satisfy wave energy developers’ needs for 5 Cobble 8 
2 3 NM < 6 NM 10access to a deep water port for device installation, and 6 Mud 0 
3 6 NM < 9 NM 8access to a service port for intermittent wave energy Source: DOGAMI 4 9 NM < 12 NM 4device operations and maintenance. 
5 12 NM < 15 NM 2 
6 > 15 NM 0 

Source: Buffered distance from the wave energy 
device to KV transmission line  data 
*Transmission line and substation data was 
downloaded from Oregon Marine Map 
(http://www.arcgis.com/home/item.html?id=4c2a3 
2e62b254fb08a33e4a0d1ab75b5). 
Land-based distances do not reflect elevation or 
obstacles. All directions on land are assumed to be 
line-of-sight or Euclidean distances. 
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Figure 5. Deep-Water Energy Production – Economically Constrained Environment  
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Model Specifications 
The economically-constrained deep-water wave Attribute: Wave Energy Data Attribute: Distance to Substation* Attribute: Distance to Service Port 
energy device feasibility model evaluates the feasibility * We have assumed all wave energy to be equal Ref. Classification Score Ref. Classification Score 
of siting offshore wave energy devices, such as point regimes along the Oregon coast and, as a result, 1 <5 NM 10 1 <5 NM 10 
absorber and offshore attenuator/pivot devices, in a valued as one within the model. 2 5 NM < 10 NM 9 2 5 NM < 10 NM 9 
pre-commercial context. In this context, wave energy 3 10 NM > 15 NM 7 3 10 NM < 15 NM 8 
devices do not generate significant revenue, and as a 4 15 NM > 20 NM 4 4 15 NM < 20 NM 7 
result, the suitability scoring reflects the financial 5 > 20 NM 1 5 20 NM < 25 NM 6 
importance of proximity to shore and a potential grid 6 25 NM < 30 NM 5Source: Buffered distance from shoreline vector 
connection. 7 30 NM < 50 NM 3data Attribute: Depth 8 >50 NM 1

Ref. Classification Score The three sub-models that determine deep-water Attribute: Distance to Shore Source: Buffered distance from shoreline vector 
0m < 10m 0wave energy device feasibility include site quality, grid 1 Ref. Classification Score data 

connection, and shore-side support. 2 10m < 20m 0 
1 <1 NM 103 20m < 30m 0 
2 1 NM < 2 NM 9 Attribute: Deepwater Port Distance 

The site quality sub-model evaluates the suitability of a 4 30m < 40m 2 
3 8 Ref. Classification Score 2NM < 3 NM 40m < 50 m 5potential site to provide adequate water depths for 5 
4 3 NM < 4 NM 7 1 <5 NM 10 

device operation, and the presence of a substrate 6 50m < 75m 10 
5 4 NM < 5 NM 6 2 5 NM < 10 NM 1075m < 85m 8suitable for anchoring deep-water wave energy 7 
6 5 NM < 6 NM 5 3 10 NM < 20 NM 10 

devices. The grid connection sub-model evaluates the 8 85m < 100m 4 
7 6 NM < 7 NM 4 4 20 NM < 30 NM 9100m < 200m 3suitability of access based on the Euclidean distance to 9 
8 7 NM < 8 NM 3 5 30 NM < 40 NM 810 >200m 1a substation, distance to shore, and the Euclidean 8 NM < 9 NM 2 6 40 NM < 50 NM 7 

distance to the closest transmission line, or kilovolt Source: 100m DEM Bathymetry 9 
10 9 NM < 10 NM 1 7 50 NM < 100 NM 6 

(KV) line. While connecting to a sub-station is not > 10 NM 0 8 100 NM < 150 NM 5 
anticipated to be a necessity for most pre-commercial Attribute: Substrate 11 

150 NM < 200 NM 3Source: Buffered distance from shoreline vector 9 
installations, it is a relevant factor for site expansion Ref. Classification Score data 10 >200 NM 1 
opportunity. The shore-side support sub-model 1 Rock 2 Source: Buffered distance from shoreline vector 
evaluates the ability of existing shore-side resources to 2 Shell 5 Attribute: Distance to KV Line* data 
satisfy wave energy developers’ needs for access to a 3 Gravel 5 Ref. Classification Score deep water port for device installation, and access to a 4 Sand 10 

1 0 <3 NM 10service port for intermittent wave energy device 5 Cobble 0 
2 3 NM < 6 NM 10operations and maintenance. 6 Mud 10 
3 6 NM < 9 NM 8Source: DOGAMI 4 9 NM < 12 NM 4 
5 12 NM < 15 NM 2 
6 > 15 NM 0 

Source: Buffered distance from the wave energy 
device to KV transmission line  data 
*Transmission line and substation data was 
downloaded from Oregon Marine Map 
(http://www.arcgis.com/home/item.html?id=4c2a3 
2e62b254fb08a33e4a0d1ab75b5). 
Land-based distances do not reflect elevation or 
obstacles. All directions on land are assumed to be 
line-of-sight or Euclidean distances. 
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Figure 6. Cetacean Support  
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Model Specifications 

The cetacean support model includes two parts, migration support and Attribute: Depth Isobars for Migration 
foraging support. The model is Gray Whale specific (Eschrichtius robustus) and Ref. Classification Score 
is a synthesis of both spatial and non-spatial data. The migration sub-function 1 < 10m 0.5 
models corridors of importance based on observed point data and the 2 10m < 27.5m 3 
correlation with physical environmental parameters, primarily depth contours. 3 27.5m < 32.5m 5 
The forage sub-function is primarily for resident species and is also based on 4 37.5m < 47.5m 10 
available observed data from the Oregon coast. 5 47.5m < 60m 5 

6 60m < 75m 3 
The impact models are the interaction of the function with known existing sea 7 > 75m 1 
uses, conditions and activities. These are anthropogenic and include fishing 
effort, vessel navigation and water quality. 

Source: 100m DEM Bathymetry 

References: Attribute: Substrate 

Angliss, R. P. and B. M. Allen. 2007. Marine Mammal Stock Assessment 
Report: Gray Whale: Eastern North Pacific Stock. NOAA-TM-AFSC-193. 

Ref. Classification 
1 Sand dominant 

Score 
1.5 

http://www.nmfs.noaa.gov/pr/sars/species.htm Retrieved March 12, 2 Sand adjacent to rock 5 
2011. 3 Rock with sand secondary 3 

4 All other 1 
Newell, Carrie 2010. Ecological Interrelationships Between Summer Resident Source: DOGAMI 

Gray Whales (Eschrichtius robustus) and Their Prey, Mysid Shrimp 
(Holmesimysis sculpta and Neomysis rayi) along the Central Oregon 
Coast. MS Thesis. Oregon State University. 

Attribute: Depths for Foraging 
Ref. Classification Score 
1 8m < 12m 5 

Ortega-Ortiz, Joel, Bruce Mate. 2008. Distribution and movement patterns of 2 Other 1 
gray whales off central Oregon: Shore-based observations from Yaquina 
Head during the 2007/2008 migration. Report to Oregon Wave Energy 

Source: 100m DEM Bathymetry 

Trust. 
Attribute: Proximity to Kelp 

Ref. Classification Score 
1 Within 100m of Survey 5 
2 Other areas 1 

Source: ODFW Survey Data processed 

Notes on Certainty: Observed point validation. 

Public Opinion: Level of importance and value based on feedback. Status and trends.
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Figure 7. Crustacean Support  
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Model Specifications 

The cetacean support model includes two parts, migration support and Attribute:  Substrate Adult Juv. 
foraging support. The model is Gray Whale specific (Eschrichtius robustus) and Ref Classification Score Score 
is a synthesis of both spatial and non-spatial data. The migration sub-function 1 BOULDER 2 0.01 
models corridors of importance based on observed point data and the 

2 COBBLE 2 1correlation with physical environmental parameters, primarily depth contours. 
3 GRAVEL 2 1The forage sub-function is primarily for resident species and is also based on 
4 GRAVEL/MUD 8 2available observed data from the Oregon coast. 
5 GRAVEL/ROCK 2 3 

The impact models are the interaction of the function with known existing sea 6 GRAVEL/SAND 2 7 
uses, conditions and activities. These are anthropogenic and include fishing 7 MUD 7 4 
effort, vessel navigation and water quality. 8 MUD/ROCK 6 5 

9 MUD/SAND 10 7 
References: 10 ROCK 2 1 
Emmett, R.L., S.A. Hinton, S.L. Stone, and M.E. Monaco. 1991. Distribution 11 ROCK/BOULDER 2 0.01 

and abundance of fishes and invertebrates in west coast estuaries, 12 ROCK/GRAVEL 2 5 
Volume II: Species life history summaries. ELMR Rep. No. 8 NOAA/NOS 13 ROCK/MUD 7 5
Strategic Environmental Assessments Division, Rockville, MD, 329 pp. 

14 ROCK/SAND 7 7 
15 ROCK/SHELL 5 1Pauley G.B., D.A. Armstrong, and T.W. Heun 1986. Species profiles: life 

histories and environmental requirements of coastal fishes and 16 SAND 6 10 
invertebrates (Pacific Northwest)–Dungeness crab. U.S. Fish Wildl. Serv. 17 SAND/BOULDER 6 8 
Biol. Rep. 82(11.63). U.S. Army Corps of Engineers, TR EL-82-4. 20 pp. 18 SAND/GRAVEL 6 8 

19 SAND/MUD 10 8 
20 SAND/ROCK 6 8 
21 SAND/SHELL 7 10 
22 SHELL 6 10 

: 

Attribute: Kelp Present 
Ref Classification Score 
1 Yes 10 
2 No 1 

Attribute: Seagrass Present 
Ref Classification Score 
1 Yes 10 
2 No 1 

Notes on Certainty: Observed point validation.
	

Public Opinion: Level of importance and value based on feedback. Status and trends.
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Attribute: Temperature - Surface Juv. 
Ref Classification Score 
1 < 5 C 5 
2 5 - 15 C 10 
3 > 15 C 0.01 

Attribute: Temperature - Surface Adult 
Ref Classification Score 
1 3 - 10 C 10 
2 10 - 19 C 8 
3 
4 

> 20 C 
< 3 C 

0.01 
1 

Juv. Support 
Attribute: Kelp Support 
Ref Classification 

Low Score <2.0 
Medium Score 2.0-9.0 

High Score >9.0 

power 
7 
7 
7 

Score 
3 
7 

10 

4-23 

http:82(11.63




     
  

 

   

 

 
 
 

   
 

 

 

  
 

 

 

Figure 8. Groundfish Support  
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Model Specifications 
The groundfish support model contains three sub-models, which account for 
the unique habitat and foraging resources required throughout three life stages: 
egg/larvae, juvenile, and adult. 

References: 
Pacific Fishery Management Council, ESSENTIAL FISH HABITAT WEST COAST 

GROUNDFISH (Modified from: FINAL ENVIRONMENTAL 
ASSESSMENT/REGULATORY IMPACT REVIEW FOR AMENDMENT 11 TO 
THE PACIFIC COAST GROUNDFISH FISHERY MANAGEMENT PLAN, Pacific 
Fishery Management Council, 2130 SW Fifth Avenue, Suite 224, Portland, 
OR 97201. 

Pacific Fishery Management Council, PACIFIC COAST GROUNDFISH FISHERY 
MANAGEMENT PLAN FOR THE CALIFORNIA, OREGON, AND WASHINGTON 
GROUNDFISH FISHERY AS AMENDED THROUGH AMENDMENT 19. July 
2008. 

Notes on Certainty: Observed point validation.
 
Public Opinion: Level of importance and value based on feedback. Status and 

trends.
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Depth -
Attribute: Egg/Larval
 
Ref Classification Score 
1 0 150 10 
2 151 274 7 
3 275 549 0.01 
4 ≥550 0.01 
Attribute: Depth - Juv. 
Ref Classification Score 
1 0 150 10 
2 151 274 10 
3 275 549 8 
4 ≥550 0.01 

Attribute: Depth - Ad. 
Ref Classification Score 
1 0 150 10 
2 151 274 10 
3 275 549 10 
4 ≥550 0.01 

All 
Attribute: Structure - Megahabitat All Adult All Juv. Egg/Larvae 
Ref Classification Score Score Score 
1 BASIN 
2 CANYON_FLOOR
 
3 CANYON_WALL 
4 CHANNEL
 
5 GULLY 
6 MWZ
 
7 NEARSHORE 
8 RIDGE
 
9 SHELF 
10 SLOPE
 
11 Ter. Sea 

Unknown 

All 
Attribute: Substrate 

8
 
2 

2
 

0.01
 
0.01
 
0.01
 

7 

5
 

10
 
2
 
5 

1
 

Adult,
 
Feeding
 

7 
3 2 

3 

0.01 0.01
 
0.01 0.01 
0.01 0.01
 
10 10 
4 3
 
7 4 
3 2
 
5 5 
1 1 

Juv, Egg/Larvae 
Feeding Feeding 

Ref Classification Score Score Score Score 
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Figure 9. Kelp Support  
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Model Specifications 
The kelp support model includes two parts: patch size and a habitat sub- Attribute: Patch Size Attribute: Depth 
model. The habitat sub-model reflects observed requirements for kelp beds, Ref Classification Score Ref Classification Score 
including exposure, surface temperature, substrate, depth, and distance to 
nearest outfall. 

1 Low 0.01 - 224 ac. 
2 Medium 224 - 447 ac. 

2 
5 

1 ≤ 15 m 10 
2 15 - 20 m 10 

References: 3 High < 447 ac. 10 3 20 - 25 m 8 

Davenport, A. C. Davenport and T. W. Anderson. 2007. Positive Indirect 4 Not Present 0.01 4 25 - 30 m 6 
Effects of Reef Fishes on Kelp Performance: The Importance of 5 30 - 35 m 4 
Mesograzers. Ecology. Vol. 88, No. 6 (Jun., 2007), pp. 1548-1561. Attribute: Waves 6 35 - 40 m 2 

Ref Classification Score 7 > 40 m 0.01 
Dayton, P. K., V. Currie, T. Gerrodette, B. D. Keller, R. Rosenthal and D. Ven 1 Low 8 8 Unknown 1 

Tresca. 1984. Patch Dynamics and Stability of Some California Kelp 
Communities. Ecological Monographs. Vol. 54, No. 3 (Sep., 1984), pp. 
253-289. 

2 Medium 
3 High 
4 Very High 

10 
2 
1 

Attribute: Distance to Nearest Outfall 
Ref Classification Score 

Edwards, M. S. 2004. Estimating Scale-Dependency in Disturbance Impacts: El 5 N/A 1 1 Low 1 - 10 miles 1 

Niños and Giant Kelp Forests in the Northeast Pacific. Oecologia. Vol. 2 Medium 10 - 20 miles 5 
138, No. 3 (Feb., 2004), pp. 436-447. Attribute: Tidal Range 3 High > 20 miles 10 

Ref Classification Score 
Harold, C. and D. C. Reed. 1985. Food Availability, Sea Urchin Grazing, and 1 Low 1.06 - 1.44 ft. 8 

Kelp Forest Community Structure. Ecology. Vol. 66, No. 4 (Aug., 1985), 2 Medium 1.44 - 1.83 ft. 10 Attribute: Surface Temperature 
pp. 1160-1169. 3 High > 1.83 ft. 2 Ref Classification Score 

1 Low <9 5 
Konar, B. and J. A. Estes. 2003. The Stability of Boundary Regions between 

Kelp Beds and Deforested Areas. Ecology. Vol. 84, No. 1 (Jan., 2003), pp. 
174-185. 

Attribute: Substrate 
Ref Classification (Nearshore) Score 

2 Medium 9 - 10.1 10 
3 High > 10.1 1 

1 BOULDER 10 
Mackey, Megan. 2006. Protecting Oregon’s Bull Kelp. Pacific Marine 2 COBBLE 6 

Conservation Council. 3 GRAVEL 5 
4 MUD 0.01 

Oregon Department of Fish and Wildlife. 2006. Oregon Nearshore Strategy. 5 ROCK 8 
Marine Resources Program, 2040 SE Marine Science Drive, Newport, 
Oregon 97365, Web: www.dfw.state.or.us/MRP 

6 SAND 
7 SHELL 

0.01 
2 

Shaffer, J. Anne. 2000. Seasonal Variation in Understory Kelp Bed Habitats of 8 Unknown 1 

the Strait of Juan de Fuca. Journal of Coastal Research. Vol. 16, No. 3 
(Summer, 2000), pp. 768-775. 

Notes on Certainty: Observed point validation. 

Public Opinion: Level of importance and value based on feedback. Status and trends. 
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Figure 10. Pinniped Support  
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Model Specifications 
The cetacean support model includes two parts, migration support and 
foraging support. The model is Gray Whale specific (Eschrichtius robustus) and 

Attribute: 
Ref 

Mapped Haulouts/Rookeries 
Classification Score 

Attribute: 
Ref 

Depth - Ad., Foraging 
Classification Score 

is a synthesis of both spatial and non-spatial data. The migration sub-function 
models corridors of importance based on observed point data and the 
correlation with physical environmental parameters, primarily depth contours. 
The forage sub-function is primarily for resident species and is also based on 
available observed data from the Oregon coast. 

1 
2 

Attribute: 

Yes 10 
No 1 

Proximity to Mapped Haulouts/Rookeries 

1 
2 
3 
4 

0 20 
20 425 

426 850 
≥850 

10 
10 
7 
3 

Classification 
The impact models are the interaction of the function with known existing sea Ref (Within 20 nm?) Score 
uses, conditions and activities. These are anthropogenic and include fishing 1 Yes 10 
effort, vessel navigation and water quality. 2 No 1 

References: 
Antonelis, G. A., C. H. Fiscus, and R. L. DeLong. 1981. Late spring and summer Attribute: Potential Haulouts or Rookery Sites 

prey of California sea lions, Zalophus californianus, near San Miquel I. Ref Classification Score 
California, 1978-1979. Page 3 in Procs. Fourth Biennial Conference on 1 Yes 10 
the Biology of Marine Mammals, San Francisco, Calif. 127pp. 2 No 1 
Bartholomew, G. A. 1967. Seal and sea lion populations of the California 
Islands. Pages 227-244 in R. N. Philbrick, ed. Proceedings of the 
symposium on the biology of the California Islands. Santa Barbara Attribute: Depth - Juv., Cover/Refugia 

Ref Classification Score 
Boehlert, G. W, G. R. McMurray, and C. E. Tortorici (editors). 2008. Ecological 1 0 20 10 

effects of wave energy in the Pacific Northwest. U.S. Dept. Commerce, 2 20 425 7 
NOAA Tech. Memo. NMFS-F/SPO-92, 174 p. 3 426 850 3 

Federal Register. Vol. 58, No. 61. 50 CFR Part 226 (docket No. 930236-3036 
4 ≥850 0.01 

Designated Critical Habitat; Steler Sea Lion. Apr. 1, 1993. 
Attribute: Depth - Ad., Cover/Refugia 

Federal Register. Vol. 58, No. 165. 50 CFR Part 226 (docket No. 930236-3210) Ref Classification Score 
Designated Critical Habitat; Steller Sea Lion. Apr. 1, 1993. 1 0 20 10 

Final Environmental Assessment/Regulatory Impact Review for  Amendment 
11 to the Pacific Coast Groundfish Fishery Management Plan, Pacific 
Fishery Management Council, 2130 SW Fifth Avenue, Suite 224, 

2 
3 
4 

20 425 8 
426 850 6 

≥850 4 

Portland, OR 97201 
Attribute: Depth - Juv., Foraging 

Gonza’, Manuela, Lez-sua´ Rez and Leah R. Gerber. 2008. Habitat Preferences 
of California sea lions: Implications for Conservation. Journal of 
Mammalogy, 89(6):1521–1528. 

Ref 
1 

Classification Score 
0 20 10 

2 20 425 0.01 
3 426 850 0.01 
4 ≥850 0.01 

Notes on Certainty: Observed point validation. 

Public Opinion: Level of importance and value based on feedback. Status and trends.
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Figure 11. Visual Importance Function – Baseline  
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The economic values tied to tourism in Oregon coastal areas includes both passive/non-consumptive and active recreational activities (Oregon Coastal Management Program, 2008; Oregon State University, n.d.). Scenic viewing opportunities are 
non-consumptive recreational activities that are increasing in demand (Oregon Department of Parks and Recreation, 2003). It is, therefore, necessary to capture the visual component of each grid cell as it may be seen from points on the 
coastline. The Visual Importance Model is based the cumulative number of visible points that each grid cell can “see” along the coastline. Iterations of a viewshed model are conducted on each grid cell for each point type (cities and communities 
on the coast, park locations, and non-consumptive recreation areas) using a coastal elevation model to evaluate the possibility of the grid cells to “see” the points from the ocean. The output value for each grid cell is the sum of points that can be 
seen in all of the categories. 

References: 

Oregon Coast Management Program. (2008, May 23). Oregon’s Coastal Zone. Retrieved December 16, 2009 from Oregon Coastal Management Program: http://www.oregon.gov/LCD/OCMP/CstZone _Intro.shtml 

Oregon Department of Parks and Recreation. (2003, January). Oregon Statewide Comprehensive Recreation Plan, 2003-2007. Retrieved December 7, 2009 from Oregon Parks and Recreation Department: Planning : 
http://www.orgon.gov/OPRD/PLANS/SCORP.shtml 

Oregon State University (n.d.). Economies of the Oregon Coast. Retrieved June09, 2009 from Oregon Wave Action Resource Education: http://ppgis.science.oregonstate.edu/?g=economies 
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Figure 12. Coastal Resilience – Existing Activities Impacts  
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Model Specifications 
Attribute: Coastal Vulnerability Index Attribute: Wave Shadow Potential (Nautical Miles from Shoreline) Coastal Resilience model is an estimate of the vulnerability of natural coastal resources to 

Ref. CVI Rank Score Ref. Classification Score hazards resulting in erosion and inundation. Low scores are indicative of low relief, erodible 
1 Very Low (1) 10 1 0 - 1 0.6 substrates, history of subsidence and shoreline retreat, and high wave and tidal energy
 
2 Low (2) 7 2 1 - 4 0.002
 areas. For each grid cell, the model generates the mean value from its Shoreline Resilience 
3 Moderate (3) 5 3 > 4 1 and Wave Shadow Potential scores. The Shoreline Resiliency averages scores for Coastal 
4 High (4) 2 Source: Parametrix 

Vulnerability Index and Geographic Classification. Coastal Vulnerability Index is a measure 5 Very High (5) 1 
of the relative susceptibility of the coast to sea-level rise with classifications based on Source: NOAA Attribute: Recreation Use 
geomorphology, regional coastal slope, tide range, wave height, relative sea-level rise, and Ref. Classification Score 

Attribute: Geologic Classification 1 shoreline erosion and accretion rates (USGS 2001). The underlying geologic features provide Used for Recreation 0.95
 
Ref. Rock Type 1 Rock Type 2 Score 2 Not Used 1 by Oregon Department of Geology and Mineral Industries (DOGAMI) is scored relative to
 
1 
 Alkalic intrusive rock 8 Source: EcoTrust/Surfrider Survey Data their vulnerability to erosion (i.e. harder rock classifications are least vulnerable to change, 
2 Alluvial fan Colluvium 2 therefore receive highest scores. Wave Shadow Potential score for each grid is relative to 
3 Amphibolite 1 predominant direction of wave action (currents) for the months of January, November, and 
4 Amphibolite Quartzite 1 

July and its distance from shore. Grids greater than four nautical miles from shore have the 5 Andesite Basalt 10 
least wave impact. Therefore, high Wave Shadow Potential (max. score = 1) will have little 6 Basalt 10 
effect in the average with Shoreline Resilience score. Impacts relative to recreational 


8 Basalt Mudstone 10 activities will be developed at a later date and will reduce the Coastal Resilience score
 
9
 

7 Basalt Andesite 10x 

Basalt Volcanic breccia 10x where appropriate. 
10 Clay or mud Silt 2x 
11 Gabbro Diabase 1x Reference: 
12 Gabbro Granitoid 1 
13 National Oceanic and Atmospheric Administration (NOAA). NOAA National Ocean Service 
14 Graywacke Mudstone 6x Special Projects Division. NOAA's State of the Coast. Coastal Vulnerability to Sea-Level Rise. 
15 

Gravel Terrace 4x 

Landslide 1 Source: USGS Woods Hole Science Center, 
16 Mudstone Graywacke 6 http://pubs.usgs.gov/dds/dds68/htmldocs/data.htm 
17 Mudstone Sandstone 6 
18 Mudstone Siltstone 6x U.S. Geological Survey (USGS), Woods Hole Field Center. 2001. Coastal Vulnerability to Sea-
19 Pelitic schist Meta-basalt 10x Level Rise: A Preliminary Database for the U.S. Pacific Coast. Woods Hole, Massachusetts. 
20 Peridotite Serpentinite 1 

Source: http://pubs.usgs.gov/dds/dds68/data/pacific/pacific.htm 21 Quartz diorite Diorite 1 
22 Sand 2x Oregon Department of Geology and Mineral Industries (DOGAMI). 23 Sand Gravel 2x 
24 Sandstone Conglomerate 10x 
25 Sandstone Mudstone 6x 
26 Sandstone Siltstone 6x 
27 Serpentinite Basalt 10 
28 Shale Siltstone 6x 
29 Siltstone Sandstone 6x 
30 Tholeiite Alkaline basalt 10 
31 Tonalite Quartz diorite 1 
32 Water/Ice 1 

Source: DOGAMI 

2013 │ 283-2818-002 4-43 

http://pubs.usgs.gov/dds/dds68/data/pacific/pacific.htm
http://pubs.usgs.gov/dds/dds68/htmldocs/data.htm


     
  

 

   

 

 

  
  

Bayesian Analysis for Spatial Siting (BASS) Project Report 
Bureau of Ocean Energy Management 

This page intentionally left blank. 

2013 │ 283-2818-002 4-44 



     
  

 

 

          
            

          
     

           
            
           

  

           
 

          
    

       
           

  

        
            

        
          

       
        

   

         
      

         
         

          
         

 

        
     

         
      

        
    

  

            
        

     
         

         
        

         
     

      

Bayesian Analysis for Spatial Siting (BASS) Project Report 
Bureau of Ocean Energy Management 

The Role of Bayesian Belief Networks in BASS 
A Bayesian network, Bayes network, or Bayesian Belief Network (BBN) is a probabilistic 
graphical model (a type of statistical model) that represents a set of random variables and 
their conditional dependencies via a directed acyclic graph (DAG). Critical to the 
development of BBNs is assessing both the source and nature of uncertainties. 

The project team identified three primary types of uncertainty that could contribute to 
uncertain model satisfaction scores. Our goal was to (1) develop a mechanism for uncertainty 
accounting in the BASS Science Models and (2) to provide these uncertainty estimates where 
possible in the BBNs used to develop BASS model results. Sources of uncertainty include: 

•	 Measurement uncertainty is caused by errors or uncertainty in datasets, such as the 
error rate in bathymetry or geologic mapping. 

•	 Model uncertainty is caused by variation or uncertainty stemming from the models 
themselves, such as ranges of suitability. 

•	 Knowledge uncertainty reflects professional, participant or stakeholder levels of 
uncertainty about the BASS models; this is the known or measured limitation of 
models expressed as a measure of uncertainty. 

By accurately identifying the various types of uncertainty BASS models can, where estimates 
of uncertainty are available, properly assess the level of certainty in model results. In BASS, 
constituent uncertainties may be recorded separately and measured in combination. The result 
is a single estimate of uncertainty in final BASS model output. In addition to managing 
uncertainty in the data and models presented, BASS captures and documents user-end 
uncertainty defined during the stakeholder engagement process. This uncertainty is captured 
as users apply the models and complete spatial analysis. 

BBN Development Process 1: Translating Concept Models to BBNs 
Designing Bayesian Network Models can be accomplished through several methods. When 
data are available with simultaneous observations for all nodes in the model, a B ayesian 
algorithm can be used to learn the structure of interdependent relationships between the 
network nodes. In the absence of these training data, expert opinion can be substituted to 
inform the network structure and nodal relationships. In BASS, models are expert models 
where spatial environmental datasets are used as attributes contributing to a function’s 
suitability. 

Typically, Bayesian belief network development begins with an influence diagram for the 
function being modeled (Marcot et al., 2006). These influence diagrams take shape as boxes 
and arrows where boxes represent model variables and arrows represent causal relationships 
between variables. Influence diagrams, expertly described, become the basic structure of the 
BBN models. As we have indicated the BASS system uses OWET cumulative effects 
framework conceptual models as the starting point for what becomes a BBN functional model 
in BASS. 

The first step in net development is to manually convert the OWET influence diagrams into a 
Netica™ by Norsys network structures. Netica is the BBN modeling software package 
implemented through BASS. The boxes in the influence diagram become nature nodes and 
the arrows become links in the net. Once the nodes have been constructed, appropriate states 
must be identified for each node. These states represent categories that are significant to the 
function being modeled and are described in the conceptual model documentation. For 
example, if the conceptual model reported that a function was influenced by depth and had a 
strong positive association with depths between 10 and 20 m, lower association with depths 
between 20 a nd 150m and no a ssociation with depths greater than 150 m, it would make 

283-2818-002│2013 4-1 
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sense to build states in a depth node that specifically addressed these depth bins: 10 to 20m, 
20 to 150 m, and greater than150 m. 

After states are identified, scores or weights are assigned to each state. Scores range from 0 to 
1 and describe state suitability levels. Zero corresponds to an unsuitable state while 1 i s 
perfectly suitable. If we continue with the depth example, a finding within a 10 to 20m depth 
bin should have a much higher score than a finding between 20 to 150m or greater than 150m 
depth. Suitability score tables are provided with the OWET conceptual models. 

State scores are combined through a weighted average to calculate final modeled suitability. 
The score weighting is determined by the conditional probability of the node’s attribute 
states. Conditional Probability Tables (CPT) and rules for determining conditional probability 
for a state were not provided in OWET Conceptual Models. Therefore, CPT tables for 
intermediate nodes were populated using an equation derived from the net structure where 
conditional probability distributions for child node states are an average of parent node 
probabilities. 

Functional models in the BASS system have a linear workflow with input values (attributes) 
at one end and final service suitability are at the other end (Figure 13). Between these two 
endpoints there are generally two to three levels of nodes in which calculations and 
combinations take place. Individual nodes near the input end of the network often have less 
impact on the overall suitability than nodes near the final suitability end of the net. This is 
because the network structures for most BASS models average node values as the calculation 
progresses from the input end to the final suitability. Depending on the structure, and number 
of nodes, this results in relative dilutions or concentrations of node strength in the overall 
calculation. 

283-2818-002│2013 4-2 
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Figure 13. The BASS BBN for Groundfish Suitability. 

Figure note: The model attributes; Observed Depth, Observed Megahabitat, and 
Observed Substrate are obtained from environmental datasets. Intermediate nodes 
determine Adult, Juvenile, and Egg/Larva lifestage support. Groundfish support is 
therefore determined as a function of support at all life stages. Alternative attribute state 
scorings are used to determine impacts due to wave energy devices in a parallel modeling 
process. 

For example, a single net with four input parameters could be handled in several ways. One 
way is through a simple averaging of all four input node values (Fig. 1a). This approach gives 
equal weight to each of the four input nodes so while the actual values of the nodes may be 
different, they will each contribute equally in quarters to the final score. 

A second combination method illustrates a more common scenario in the BASS models. In 
this scenario the net contains a sub-function that contributes to the overall service being 
represented by the model. If three of the four input nodes represent the sub-function they can 
be combined before the final node (Fig. 1b). The result is a diminished weight of the 
individual sub-function inputs. In this example, the three sub-function inputs become a 
combined score that is passed with equal weight into the final suitability along with the other 
non-combined input. As a result the sub-function represents half of the final suitability, and 
the non-combined input represents the other half, consequently the three sub-function inputs 
each represent a sixth, rather than a quarter, of the final suitability. 

283-2818-002│2013 4-3 
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Figure 14. Node Input Weighting 

Every node (Fig. 2a) in a network has an underlying CPT in which probability distributions 
can be specified for the states in the node (Fig. 2b). These distributions represent state 
probabilities for the node, given the conditions specified in other nodes within the net. CPTs 
are one mechanism where uncertainty can be incorporated into the networks. For example, if 
you have a finding of some state in an input node you can change the CPT for the child node 
to represent the probability that, given the finding, the actual state may be something else. An 
example of this might be a finding of a specific substrate type such as sand. In this example, 
the data may be imperfect therefore the actual substrate type has a strong probability of being 
sand but also a possibility that it is something else like mud, gravel or rock.  

Like model structure, probability distributions in these tables can be learned from datasets or 
incorporated from expert opinion. When the probability distribution has been learned from 
real data this uncertainty can be entered into the nodes and the uncertainty is then propagated 
throughout the net. If data is not available expert opinion can be entered into the system to 
incorporate this uncertainty into the predictions. However, we have found that expert opinion 
for attribute or model uncertainty is scarce and must be developed or provided by domain 
experts such as those who developed the conceptual modes from ecosystem understandings. 

Figure 15. Node Conditional Probability Tables 

283-2818-002│2013 4-4 
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BBN Development Process 2: Determining Impacts 
As the BASS System and BBN development progressed, the project team identified an 
opportunity to improve the prediction methods being used in the original concept models 
from the Cumulative Effects Matrix. The original models were developed specifically to 
predict the suitability of conditions for a given ecosystem support service. If this method was 
used for prediction of suitability for a given service, the complement to that suitability could 
then be used as the suitability of that location for a wave energy device. For example, if a 
given location had a suitability of 0.8 for Groundfish, where 1 was a perfect location and 0 
was the worst location, BASS analyses could assume that the suitability for wave energy 
would be 1-0.8 = 0.2. This method presumes that the installation of a wave energy device 
always represents a negative change in conditions for Groundfish. However, depending on 
the initial conditions of the site, there is a possibility that the installation of wave energy 
technology could have a positive effect on the suitability of a site if the device or installation 
created more favorable conditions than previously existed. 

The BASS BBNs adapted from the Cumulative Effects Framework were developed around a 
set of un-impacted scores for states within the nodes. These scores have been retained for 
prediction of the initial suitability case where no technology installation has been initialized 
or completed. Site evaluation against these scores becomes the baseline suitability for a 
determination of impact. In addition, a new matrix of impacts was developed to address 
changes in scoring for attribute states given that wave energy technology was to be installed. 
Because attribute level impacts might be different during different phases of operation 
(construction, operation, or maintenance) and for the type of technology (shallow, medium, 
or deep water devices) scores had to be tailored to each possible combination of these 
conditions. As such, the impact matrix represents a significant and new compilation of 
information regarding attribute score adjustment from an initial un-impacted suitability to a 
final impacted suitability. 

Aquatera Ltd. performed an evaluation of each un-impacted score for each attribute state and 
developed corresponding impact scores for device types and operation phases to populate the 
impact matrix. In addition to impacted value scores the Impact Matrix also contains score 
justification, level of certainty, and source information for the new values. These data fields 
provide background information, where available, about the reasoning behind specific 
impacted values. The certainty information corresponds to levels of confidence that the 
values are correct. This level can be incorporated into the Bayes nets and used as a 
documented source of model error. 

The impact matrix also provides a forum for identification of missing impact pathways. In the 
context of BASS, impact pathways are elements of the environment that have an impact on 
the suitability of an area for a g iven ecosystem function. In the case of marine renewable 
energy, the installation of various technology types may result in additional impact pathways 
that are not present in the pre-installation condition. One example of such an impact pathway 
is the effect that sound produced by a technology installation might have on that location’s 
suitability for a given ecosystem service. The sound element is not present in the absence of 
the technology installation so the initial models being adapted for this project did not include 
these pathways. When missing impact pathways were identified during impact matrix 
development they were documented for future model development and improvement of the 
BASS tool. 

A descriptive catalog of BASS Models has been developed as a w ebsite. The catalog is 
currently locked down but will be opened up at completion of the project. 
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BASS Model Service 
The geoprocessing code to run the BASS BBNs was not developed to run strictly as a 
manually or operator-controlled BBN analytical tool, but rather as a live service to process 
model requests against problem-specific siting criteria in real time. Therefore an online web 
accessible service method was developed by the BASS team to allow GIS-BBN operation 
without a user’s direct interaction with Netica™ or the BBNs. Simply put, the BASS Model 
service is always running at a known URL and may be called from the BASS application 
whenever model processing is needed. This approach builds in considerable flexibility for the 
user to change model attribute conditions, scoring, sites for consideration, or resolution. 

Because the base-level attributes for BASS models are geospatial datasets a p rogrammatic 
link bridging GIS data, geoprocessing tasks, the Netica™ modeling engine, and a web 
framework was needed. Python provided all of the libraries needed to integrate these unique 
software systems. In summary: 

•	 Geoprocessing tasks to prepare model attribute data are made with ESRI’s Python 
ArcPy module. 

•	 Attribute data is passed to Netica and Netica is controlled using its Component 
Object Model (COM) Application Programming Interface (API) and the python 
win32com module. 

•	 The Django Web Framework runs atop the Apache web server and handles XML 
communications between system components. 

Thus the integration of geoprocessing workflows and BBN modeling has been exposed to the 
BASS Decision Engine through the BASS Model Service web application. Requests for 
model processing are generated when BASS Issue Managers add scientific models to a 
project. BASS builds an XML format model request and posts it to the BASS Model Service 
request URL. Requests are validated and queued in order of occurrence for processing. When 
model results are ready for BASS a processing complete message signal is sent to BASS and 
the model results are cached in the BASS database. The general workflow through which 
BASS uses ArcGIS, Netica, and the geodatabase is captured in the Figure 16 below. 
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Figure 16. The BASS Model Service Workflow 

Figure note: The workflow integrates ESRI ArcGIS, Netica, Geodatabases using ESRI’s 
ArcPy module and the Python win32com module. Requests for scientific model 
processing are generated from and results returned to The BASS User Interface. 
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Display Environment: The BASS Mapserver and Display Port 
The project team realized early on that a means to visualize geospatial information was 
needed to support the full suite of use cases. For example, visualization of scientific model 
inputs and outputs is useful to reveal spatial patterns of suitability or impact and perhaps even 
necessary to build stakeholder confidence in the models themselves. The BASS visualization 
need or visualization potential isn’t limited to model input and output, much advisory 
information from internal or external sources will undoubtedly become important to inform 
Issue Manager and Stakeholder roles and tasks throughout the phases of a project. For these 
reasons, a w eb map service View Port has been provided. The BASS View Port collects, 
organizes, and present model data and advisory information for BASS users. 

The BASS Viewport is a web map application hardwired to the BASS geodatabase, the 
BASS GIS Server and to external but supporting web services such as the BOEM 
Multipurpose Marine Cadastre (MMC) and PaCOOS. The Viewport may be launched 
directly from the BASS user Interface, allowing for exploration of modeled scientific 
measures and other information that may be considered advisory to a siting problem. 

Mapservers are a c lass of webservers that can display geospatial data and allow clients to 
interact, query, or even edit data. Mapserver protocols can include Web Mapping Services 
(WMS) that simply display geospatial data in an image format, Web Feature Services (WFS) 
that allow users to interact with discrete geospatial data including attribute query and editing 
functionality, and Web Coverage Services (WCS) that are similar to WFS but include access 
to space and time varying (non-discrete) geospatial data. WMS and WFS dominate deployed 
sites presently and allow for distribution of data over the internet. A more advanced and 
emerging class of tools are Web Processing Services (WPS). WPS allow web users to utilize 
geoprocessing functions on a server to conduct custom analyses. Geoprocessing is a broad set 
of tools that can be as simple as b uffer-based analyses on up t o running complex 
hydrographic models. 

As we have already established, visual display of geographic information is critical during 
several BASS project phases. Candidate or evaluation sites should be presented in context, 
geographically during the project setup as well as during the data collection and evaluation 
phases. To support this need the BASS View Port mashes-up web map services both internal 
to BASS and from outside providers. 

Three web services belonging to the BASS project are published through an ESRI ArcGIS 
Server instance on BASS hardware: 

1.		 ADVISORY: BASS Overlays – Advisory datasets that the BASS team developed for the 
NNMREC outreach exercise and NNMREC PMEC Case Study. Please note that these 
services are configurable toward any specific project by a B ASS administrator. We 
expect the services and content to mature over time. 

2.		 SCIENCE: BASS Model Inputs – Geospatial data for BASS model attributes 
3.		 SCIENCE: BASS Model Outputs –BASS Model results processed for all models, 

technologies, and phases of operation. 

Three web map services originating from external sources are also included in the BASS 
Display Port: 

1.		 ADVISORY: CMSP Maritime Boundaries 
2.		 ADVISORY: NMFS/EFH Areas Protected From Fishing 
3.		 ADVISORY: BOEM Multipurpose Marine Cadastre 
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4.1.1.3 Decision Engine 
The decision-making engine is currently a combination of 1) an impact matrix designed to 
help users understand tradeoffs between objectively measured existing and alternative ocean 
uses, 2) stakeholder perspectives on subjectively understood ocean uses (e.g., viewshed), and 
3) community and stakeholder values about existing and alternative ocean uses. The user 
interface is a web application that provides end users the ability to combine the predictive 
models and decision making engine to answer management questions and view spatial 
outputs. Figure 17 illustrates the core components and overall tool structure. 

Accord 
Accord is a decision support system for soliciting, capturing and combining input from 
decision making groups. These groups can be narrowly defined decision makers or larger 
groups. This tool will manage the policy level issues in the BASS and provide a way to 
manage the uncertainty of decision makers, as opposed to the technical uncertainty managed 
through BBNs in Netica. For more information on the methods underlying the Accord server-
end tool, see Appendix A of this report. 

4.1.1.4 User Interface 

4.1.2 Integration and interaction of system components; BASS Tool 
The overarching project accomplishment was combining these constituent components within 
a user interface that allows the decision data to be assembled, presented, queried and 
manipulated by users to capture values and interests. The solution is system that oversees 
decision processes, queries functional models, collects stakeholder-based information, and 
feeds it back into an analysis of alternatives decision engine. 

Figure 17. BASS Component Assembly 
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At the onset of the project, several concepts regarding the relationships between the types of 
information housed in BASS were developed; they provide the basis for the current system 
design. First, as part of a decision-making process, it is important to include both scientific 
analysis and stakeholder values in sequential steps. Second, to provide the best information to 
support a d ecision making process, it is best if the respective outputs from the scientific 
analysis are not aggregated. Doing so obscures important information and provides little 
actual benefit since the aggregation will tend to average respective outputs. Third, unlike the 
scientific analysis, the stakeholder weighted output is more useful to decision making when 
expressed as an aggregation. 

These concepts are represented well in our Architecture Detail (Figure 17). The current 
BASS tool provides for scientific or stakeholder analysis pathways in concert or independent 
of one another. Scientific analysis results are not aggregated and may be treated or examined 
further as stand-alone products to investigate sensitivities and trade-offs. 
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5. APPLICATIONS FOR THE TOOL:  USER SCENARIOS 
BASS integrates oceanographic, ecological, human use data, stakeholder input and 
cumulative impacts for the evaluation of ocean renewable energy siting proposals. BASS is 
capable of supporting diverse decisions; one of its strengths as a tool is its flexibility to reflect 
various mission-driven value structures. To highlight this capability, the BASS team has 
developed a su ite of “user scenarios” to support tool users. Further, each user scenario 
highlights the specific value structure(s) created by the regulatory requirements driving the 
CMSP process. 

5.1 SCENARIO: PLANNING ENTITY SEEKING TO IDENTIFY AREAS SUITABLE 
FOR DEVELOPING MARINE RENEWABLES 

In this scenario, a planning agency such as B OEM, the Oregon Department of Land 
Conservation and Development (DLCD) or NOAA is using BASS to identify areas capable 
of supporting marine renewables given technologic and economic constraints. The area of 
interest in this scenario may be a state-wide or regional analysis, such as siting marine 
renewable feasibility across the Oregon Coast or the West Coast of the United States. 

For example, in Oregon, the DLCD prioritizes existing uses when evaluating marine 
renewable opportunities, and will grant permits when and if marine renewable development is 
demonstrated to be compatible with protection of Goal 19 ocean resources, as described in 
Oregon’s Statewide Planning Goals and Guidelines.1 BOEM’s mission-driven value structure 
may be informing future leasing decisions by identifying the best means of maximizing 
revenue while protecting multiple uses. NOAA may be interested in using BASS to help 
enforce resource protection statutes. That is, NOAA staff may want to ensure that planning or 
marine renewable leasing decisions are not infringing on agency mandate to ensure long-term 
sustainability of marine mammals, endangered species and commercial fisheries. 

Regardless of the diverse mission-driven value structures, the questions that each agency is 
asking in this scenario may be the same, such as: 

•	 What are the best areas for renewable energy development? 

•	 What areas on the ocean can support renewable energy? 

•	 What are the cumulative effects of developing renewable energy at this site(s)? 

•	 How do I develop renewable energy sites while minimizing conflict? 

•	 Where should renewable energy development be excluded? 

Thus, in this scenario BASS may be used to: 

•	 Define renewable energy suitability using scientific models 

•	 Identify typical stakeholder constituencies 

•	 Provide a process for incorporating stakeholder values 

 At this scale, stakeholder values may be hypothetical (i.e. create a proxy 
fisherman to represent commercial fishing’s interests/values) 

Useful outputs of applying BASS in this user scenario include: 

1 http://www.oregon.gov/LCD/docs/goals/goal19.pdf 
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•	 A map showing the best and worst areas for renewable energy development based on 
scientific measures 

•	 A map showing the best and worst areas for renewable energy development based on 
stakeholder value structure overlaid on top of scientific measures 

•	 A “What’s Next” Sensitivity Analysis that provides recommended steps for 
efficiently engaging stakeholders 

5.2 SCENARIO: PROJECT DEVELOPER VETTING SITE ALTERNATIVES 
In this scenario, a marine renewable developer is using BASS in a part of project scoping, 
feasibility testing, and/or due diligence prior to submitting a lease application to a state or 
federal agency. This scenario assumes that the project developer has already completed an 
initial assessment, which has led to the identification of a specific region of interest, and or 
discrete project development sites. 
In this context, the project developer is using BASS to answer the following questions: 
What question(s) are they asking? 

•	 What are the best areas for siting of a specific technology? 

 What areas on the ocean can support a specific technology? 

 How do I site a specific technology while minimizing conflict with existing uses? 

 What are the cumulative effects associated with allowing a r enewable energy 
device to be sited at the desired location? 

 BASS currently doesn’t have the capability to answer this question, but we 
should consider adding this ability in future versions of BASS 

•	 Are there specific areas that should be avoided? 

Within this scenario, BASS performs the following functions, or yields the following results: 

1.		 BASS informs preliminary site selection based on scientific models (allows them to get 
bad ideas off the table before anyone sees them). 

2.		 Informs project developers on where there are known interactions with existing resources 
or other uses, including a list of typical stakeholders. 

3.		 Accord is used to weight the preliminary alternatives analysis towards the elimination of 
sites with fatal flaws, such as the presence of an endangered species, presence of a marine 
reserve, etc. 

This analysis is made possible by adding proxies for stakeholder values based on 
previous experience. 

4.		 Accord is used at this stage to incorporate proxy stakeholder values. 

Useful outputs of applying BASS in this user scenario include: 

•	 A map showing the most feasible and least feasible sites for developing marine 
renewables. 

•	 A map showing the conflicts and/or operational impacts associated with marine 
renewable development at each area of interest being considered. 

•	 A map showing the most desirable and least desirable sites for marine renewable 
development based on proxy stakeholder values. 
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•	 A “What’s Next” Sensitivity Analysis that provides recommended steps for 
efficiently engaging stakeholders. 

5.3 SCENARIO: AGENCY LEAD EVALUATING ALTERNATIVES 
A lead federal agency is evaluating a renewable energy project lease or license application, 
most like for a National Environmental Policy Act (NEPA) analysis, but it could also be for 
an Endangered Species Act (ESA) Section 7 process. NEPA and Section 7 processes are 
often conducted originally by the developers, but they are overseen and ultimately approved 
by the agency lead. BOEM has a provision that makes contested leases purely the 
responsibility of BOEM, so there is limited involvement by the developer. 

The area of interest in this scenario is a lease block within the context of a subregion such as 
the northern coast of Oregon. 

The questions that can come up as part of a NEPA or ESA Section 7 process might include 
the following: 

•	 What are the potential conflicts or effects associated with siting a specific technology 
at the desired location (i.e., the lease site)? 

•	 What are the cumulative effects associated with allowing a renewable energy device 
to be sited at the desired location? 

•	 How do the public and relevant stakeholders feel about the project? 

•	 What do stakeholders believe the positive and negative effects of the project are? 

The following capabilities of the BASS tool can be applied to address the questions. 

•	 BASS can inform the effects analysis portion of the project – this is the stage 1 
“scientific output”. Particularly for NEPA analysis, the Stage 1 output is useful. 

•	 NEPA in particular requires a public involvement component for the analysis, which 
the Accord portion of BASS could provide. The law does not prescribe a specific 
manner in which the public outreach must occur, but it cannot be based on proxies. 

•	 Analysis under ESA often uses a similar pathways and indicators approach that is the 
basis for the concept models used within Stage 1 analysis. Combined with the 
Bayesian uncertainty analysis, the Stage 1 outputs are a useful starting point for ESA 
analysis – but they are unlikely to be deemed definitive. Instead they will likely be 
used as a starting point for identifying additional studies (based on s ystem 
uncertainty values). 

Using the full BASS capabilities helps agencies manage a s takeholder process to meet the 
scoping obligations of NEPA. 

5.4 SCENARIO: AGENCY EVALUATING A PERMIT APPLICATION 
A renewable energy developer is preparing a permit application that will be reviewed by a 
state or federal authority. It would most like be a Federal Energy Regulatory Commission 
(FERC) license or a United States Army Corps of Engineers (USACE) or Oregon Department 
of State Lands (DSL) permit for impact to waters of the state. Analyses for permit 
applications are typically conducted by the applicants and evaluated by the permitting 
agency. 

The areas of interest would include the installation sites as well as the surrounding areas that 
would potentially be impacted by the installation of renewable energy devices. Effects at the 
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installation site would be emphasized, with gradually lessening attention paid to the indirect 
effects in outlying areas. 

The applicants would be trying to answer the following questions: 

•	 What are the impacts to specific resources protected by the regulation creating the 
permit obligation? 

•	 What are the trade-offs to consider in evaluating whether the proposed activity 
provides adequate benefit to justify the impacts to the resource at issue? 

BASS can shed light on the impacts and can support the trade-off analysis. 

•	 BASS can inform the trade-off portion of the permitting process (particularly Stage 2, 
which can address perceived community benefits or impacts). 

•	 Permit analysis is typically very specific to a particular, habitat, species or resource. 
The pathways and indicators approach that is the basis for the concept models used 
within Stage 1 analysis is generally compatible with this approach; however, the 
application will likely require greater detail and precision than BASS will provide. 
Nonetheless, the Stage 1 outputs can be a useful starting point for permit application. 

•	 Because BASS may be used within the narrow context of permitting for a specific 
resource, species or habitat, BASS should be able to present measure level results 
with spatial mapping for each measure. 

•	 Permits typically require mitigation to offset identified impacts. The Stage 1 analysis 
can provide a means of providing a “quantified” offset measure. (It is difficult to find 
metrics that can be used to determine whether proposed mitigation provides an 
adequate offset to ensure that permitting goals are being met (e.g., no net loss)). 

•	 For the permitting agency, BASS provides an analytical approach that allows site 
level analysis to be connected to regional planning analysis (ensuring permitting 
decisions support broader planning objectives). 

Useful outputs of applying BASS in this user scenario include: 

•	 Providing a useful unit of measure for mitigation. 

•	 Allowing agencies to connect permitting decisions to a broader policy context. 
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6. MODEL APPLICATIONS AND TESTING 

6.1 OVERVIEW 
The project team intends to form an advisory group to solicit feedback from and to test tools 
with. The members of the advisory group are ideally ultimate users or consumers of the 
outputs from the BASS tool. This would include local, state, regional, and federal 
representatives. The advisory group will include representatives from the three Broad Agency 
Announcement sponsors: BOEM, NOAA, DOE. The group will be no larger than 8 total and 
targeting 6 members. We propose the other seats be occupied by state agencies, research and 
industry. Further we recommend having a two tier approach to this advisory group. For each 
agency or organization included we suggest having a policy representative and an identified 
technical representative. This approach will allow for checking in with decision makers, but 
also allow for more flexible interactions with technical staff with more frequency. In some 
categories there is only a technical or policy level person such as in the Scientist/Researcher 
and Industry categories. We are continuing to develop the group’s design and purpose to best 
support the project. As we do s o we will also define the types of meetings (e.g. webinar, 
teleconference, or in person) as w ell as t he frequency and time commitments for the 
meetings. 

6.2 CASE STUDIES 

6.2.1 West Coast 
Use Case Scenario: composite of UC 5.1, Planning entity seeking to identify areas suitable 
for developing marine renewables and UC 5.3, Agency Lead Evaluating Alternatives 

6.2.1.1 Problem Statement 
In this case study, BOEM sought to identify the best areas capable of supporting marine 
renewables given regulatory constraints (i.e., impacts to Essential Fish Habitat or other area-
based management) and social/political considerations (i.e., state regulatory plans or 
initiatives). The region of interest in this case study encompassed the contiguous Washington, 
Oregon, and California west coast of the US. The West Coast Case Study provides an 
example of how the BASS system may be used to identify areas for further analysis and 
consideration for Marine Renewable Energy development within this large-scale regional 
context. The desired outcome of this case study was to reduce a large region into a 
manageable and ranked set of suitable areas for further consideration. 

We used the need to minimize impacts to groundfish EFH as a s cientific decision measure 
because a federal activity such as MRE permitting would trigger an EFH consultation. The 
Groundfish Model used as a scientific measure here is an adaptation of the 2005 EFH Habitat 
Suitability Model. The model used here integrates updated habitat information from NOAA’s 
Habitat Use Database and updated seafloor maps. It also models a suite of species, known to 
be overfished, rather than a si ngle species. The development of this new Overfished 
Groundfish scientific measure is an example of model and data development. 

6.2.1.2 Entities Involved 
BOEM convened an intra-agency planning team to address Marine Renewable Energy on the 
west coast of the US. Within the team, roles were identified and assigned for: 

1. Issue Manager: Responsible for project coordination and oversight 
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•	 Identifies/develops decision measures 

•	 Assigns tasks to team members 

•	 Oversees any data development and data collection efforts 

2. System Administrator: Scientific staff with GIS or data management qualifications 

•	 Locates or develops advisory data where needed 

•	 Helps select scientific models relevant to the problem 

•	 Develops Stakeholder measures from project specific decision measures 

3.		 Stakeholders:  Intra-agency team members 

•	 Selected to represent relevant BOEM Offices and Divisions 

•	 Provide “Stakeholder” evaluations of decision measures 

6.2.1.3 Location 
Region:  Offshore US west coast, including the continental margins of all three states and 
constrained by technologies that can be implemented over continental shelf environments 
(Shallow, Mid, and Deep Water Devices) and at suitable distances to onshore support and 
transmission facilities.  Note that the overall area will be pre-filtered to exclude areas that are 
technically infeasible (deeper than the continental shelf) or closed to development through 
regulation. 

6.2.1.4 Decision Measures 
Both Scientific and Stakeholder decision measures are used for this case study. They have 
been developed in concert with aspects of Use Case Scenario’s 5.1 and 5.2 above and within 
the limits of the existing device suitability and other scientific models available at this time. 
Specification of decision measures may necessitate extra-departmental consultations. 

•	 What are the best areas for renewable energy development to maximize revenue and 
protect resources? 

 Maximizing Revenue is accomplished by selecting sites that are truly suitable 
and that provide the clearest path to permitting. 

 Decision Measure 1 (Scientific):  S cientifically modeled device suitability 
will be considered. 

 Protecting Resources is a multi-faceted objective. However, under the National 
Environmental Protection Act (NEPA) and the Sustainable Fishery Management 
and Conservation Act (SFMCA) federal permitting actions will trigger Essential 
Fish Habitat consultations with NOAA Regional Offices. 

 Decision Measure 2 (Scientific):  S ites that adversely impact west coast 
groundfish will be avoided. 

•	 What are the best areas for renewable energy development considering current and 
future political and socioeconomic contexts? 

 Political considerations should be examined and should contribute to identifying 
sites.  State policies may introduce additional regulatory or permitting steps. 
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 Decision Measure 3 (Stakeholder): Desirable sites are those that present 
favorable political considerations, e.g. do states claim a st ewardship zone 
with additional levels of regulation? 

 Socioeconomic considerations should be examined and should contribute to 
identifying sites. State or local incentive programs may exist. Regional power 
demand or local employment outlooks should be assessed. 

 Decision Measure 4 (Stakeholder): Desirable sites are those that present 
favorable socioeconomic factors, e.g. start-up incentive programs, demand 
for power, potential jobs, etc. 

•	 Pre-filtering is useful as first step to reduce the overall area for consideration to a 
smaller area excluding sites with fatal flaws. 

 Conflict with existing ocean uses shall be minimized. Advisory information 
related to existing ocean uses and protection is available. Sites for initial 
consideration may be pre-filtered for conflict or interaction with these existing 
uses or regulatory areas. 

 Pre-filtering Criteria 1:  Sites shall not be placed in Marine Protected Areas 
or Marine Sanctuaries. 

 Technical pre-filtering selects a depth envelope that broadly suits the devices. 

 Pre-filtering Criteria 2: Due to cabling distances and device depth 
requirements, only continental shelf environments are considered. 

6.2.1.5 Decision Method and Project Workflow 
Step One: An intra-agency team with the appropriate expertise and office or 
departmental interests is convened. The team appoints an Issue manager to oversee the 
analysis. 

Step Two: Decision measures are developed from the problem statement. Scientific 
models to address the decision measures are identified (see above Decision Measures 
Section) . 

Model 1: Shallow Water Device Suitability 

Model 2: Mid-Water Device Suitability 

Model 3: Deep Water Device Suitability 

All three device types are selected here because project team decided to not pre-select for a 
specific device type. 

Model 4: Overfished Groundfish 

The BASS Tool comes pre-loaded with a model for groundfish support, described earlier in 
section 4. However, in this Case Study the project team identified that sites with potential 
adverse impacts to groundfish, particularly those under overfished status in federal Fishery 
Management Plans, should be avoided. To avoid proposing sites over highly suitable habitats 
for this sub group of groundfish the team found it necessary to do data development of an 
Overfished Groundfish HSP model. Resources were allocated for developing this new 
scientific model from the Groundfish Habitat Suitability Probability framework previously 
implemented in the 2005 EFH EIS for West Coast Groundfish (cite). 

A species group consisting of Bocaccio, Cowcod, Darkblotched Rockfish, Canary Rockfish, 
Pacific Ocean Perch, Widow Rockfish, and Yelloweye Rockfish was identified as FMP 
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species with overfished status. Species specific habitat preferences for water depth, latitude, 
and substrate type were extracted from NOAA’s HUD database and aggregated to create 
group preferences for these three attribute conditions. Examples of the aggregate preferences 
are provided in Figure 18 and Figure 19. 

Figure 18. Depth Preferences for Overfished Groundfish – Example Data 

Figure note: Depth preferences for seven overfished groundfish were extracted from the 
HUD database. An aggregate “overfished groundfish” depth preference was constructed 
by averaging the distributions. The aggregate preference has been normalized from 0-1. 

Figure 19. Latitude Preference for Overfished Groundfish – Example Data 

Figure note: Latitude preferences for seven overfished groundfish were extracted from 
the HUD database. An aggregate “overfished groundfish” latitude preference was 
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constructed by averaging the distributions and the aggregate preference was normalized 
from 0-1. 

A BBN for Overfished West Coast Groundfish was developed (Figure 19) using the EFH 
HSP model structure and the aggregate depth, latitude and substrate preference data. Model 
attribute data layers were developed through data development processes external to BASS 
and from regional datasets made newly available through Pacific Coast Groundfish 5-Year 
Review of Essential Fish Habitat Report to the Pacific Fishery Management Council Phase 1: 
New Information (PFMC 2012). The draft overfished groundfish HSP model considers 
Seabed Habitat Type, Seabed Habitat Type Confidence, Water Depth, and site latitude to 
compute an aggregate habitat suitability preference for this grouping of groundfish.  
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Figure 20. The Draft Overfished Groundfish HSP Model for BASS. 

Figure note: Understand that this work is exemplary of possible data development 
undertaking in support of a real analysis however the model has not been peer reviewed 
at this time. The model builds from previous work by NOAA Fisheries, the Pacific 
Fishery Management Council, and a broad collaborative team. The Overfished 
Groundfish HSP model for BASS illustrates an explicit use of attribute uncertainty 
scoring obtained from an independent estimate of substrate map quality. This substrate 
map quality dataset is under development for BOEM by OSU research highlights 
research and development synergies. 

Step Three: Pre-Filtering criteria are identified from the problem statement. A list of 
“Areas of Interest” (areas for consideration) that meet these pre-filtering criteria are 
developed using the Advisory Layers within the Display Port. 

AOIs must: 

•	 Be wholly constrained to continental shelf environments (depths less than 200m). 
Use the “US West Coast Continental Shelf” Advisory Layer under ADVISORY: 
BASS Overlays. 

•	 Not be placed in Marine Sanctuaries or Marine Protected Areas. Examine the 
National Marine Sanctuaries and Marine Protected Areas Inventory boundary layer 
under ADVISORY: NOAA MPA. 

After pre-filtering, the sites under consideration for development in this case study range 
from the southern boundary of the Olympic Coast National Marine Sanctuary to Eureka, CA. 
Sites have also been pre-filtered using the depth and existing protection pre-filtering criteria. 
Please note that the northern extreme of the west coast region was rejected because all 
continental shelf area falls under Olympic Coast Protected status. The southern region was 
filtered due to the high incidence of MPA’s or other protections in CA (See Display port 
Advisory:MPA layers). 
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Figure 21. West Coast Sites Under Consideration for Development in this Case Study 

The sites under consideration for development in this case study range from the southern 
boundary of the Olympic Coast National Marine Sanctuary to Eureka, CA. Sites have been 
pre-filtered using the depth and existing protection pre-filtering criteria. 

Figure 21 illustrates how the BASS Display Port can be used to pre-filter sites for analysis. 
Pre-filtering criteria include site locations on the continental shelf and outside of existing 
areas of marine protection. The MPA database from NOAA and the continental shelf polygon 
was added by the administrator to the Display Port. The MPA database is available as a web 
service from NOAA and integrates easily. The continental shelf polygon was developed by 
the PSMFC’s EFH Review Committee and OSU. 

Sites for consideration are selected for areas meeting the pre-filtering criteria and coordinates 
are extracted with the Display Port’s coordinate tool (Figure 22). 
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Figure 22. West Coast Case Study Display Port Map Coordinates 

This tool provides a quick way to develop a coordinate or site list for BASS.  Here, we’ve 
loaded candidate sites to the display port (pink boxes) as a guide. 

Step Four: Enter Areas of Interest into BASS, Select Models, Technologies, and 
Development Phases and run science models. 

•	 Manually enter site corner coordinates and side dimensions 

•	 Scientific Models for three types of technologies are implemented to addresses which 
areas can support development. 

•	 Scientific Model for Overfished groundfish is implemented to minimize cumulative 
impacts to key biologic resources. 
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Step Five: Collect stakeholder input – Stakeholder Value Assignment and Stakeholder 
Measures are designed to uncover discriminating factors unknown to or unaccounted for by 
the scientific analysis component alone. Value Assignment provides a m eans to weight 
decision measures (even weighting is always an option). Stakeholder Measure evaluations 
draw out the ‘experiential’ or ‘institutional’ knowledge of the team around a discriminating 
factor that could not be modeled. Be careful not to dismiss stakeholder measures as “only for 
later phases of analysis.” Stakeholder measures should be developed and applied when the 
problem statement demands more information than models can provide. 

Figure 23. Unequal Weighting of the Decision Measure Suite 

Figure note: The Issue Manager has indicated site suitability should be determined by an 
unequal weighting of the decision measure suite. The Issue Manager has ranked the 
measures indicating that device suitability, specifically Deep-Water Devices, should be 
weighted more heavily in the final determination of site suitability. 
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Figure 24. Evenly Weighted Measures 

Figure note: By toggling to the “Sum” method of Value Assignment, the Issue Manager 
may evenly weight all measures used in the analysis. 

Figure 25. Qualitative Assessment of Site Desirability 

Figure note: In this figure the Issue Manager is asked to provide a qualitative assessment 
of site desirability based upon their understanding of regional political considerations that 
could change site suitability. Here, the Issue Manager evaluated Oregon sites to be more 
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desirable given their understanding of current state factors. However, the Issue Manager 
has evaluated that this estimation is somewhat uncertain given the unknown status of a 
proposed stewardship zone where the state may claim some additional regulatory 
authority. In the belief map, the Oregon sites are plotted higher (more desirable) and left 
(less certain) than the Washington and California sites. 

Figure 26. Evaluating Site-Specific Socioeconomic Considerations 

Figure note: Here the Issue Manager provides an evaluation of site-specific 
socioeconomic considerations. The Issue Manager has evaluated the extreme northern 
and southern sites to be more desirable that the central sites due to their knowledge of 
local incentive programs or their projections for job creation and local economic benefit. 

6.2.1.6 Results 
Step Six: Use BASS to fuse quantitative Science Measure Results with qualitative 
Stakeholder Measure Evaluations and develop a ranked list of site alternatives.  

• The technically suitable areas are: 

 What areas on the ocean can support renewable energy technology? 

If the Issue Manager seeks the lone optimal site for deep water technology they 
set the VIEWPOINT radio button to “Suitable for Deep-Water Devices” and 
adjust the slider threshold to limit results to one top rated site.  I n this study 
Waldport 1 scores the highest Deep-Water suitability at 81.27 percent. 
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Figure 27. Viewpoint is set to Deep-Water Devices 

Figure note: The Issue Manager desires to find the most suitable site for a deep water 
technology. The VIEWPOINT has been set to this technology type and the Threshold has 
been set to filter for the top site. 

Alternatively if the manager would like to propose a suite of alternatives across 
the region the satisfaction threshold may be adjusted to allow for additional 
options.  In this case by lowering the satisfaction threshold from 80 percent to 70 
percent ensures that at least one site is selected at each locale along the coast. 
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Figure 28. Viewpoint is set to Overall Satisfaction 

Figure note: Here the Issue Manager desires to locate not one top site, but several 
potential sites throughout the region that each provide high suitability and apply all 
measures and weighting. To accomplish this, the VIEWPOINT has changed to “Overall 
Satisfaction” and the threshold for SATISFACTION has been changed (reduced) to 
include not just the top ranking sites. 

•	 Stakeholder suitabilities: 

 Given the stakeholder information provided, that Oregon’s political climate is 
more favorable to development we find that the Oregon sites as a group score 
over 63 percent satisfaction.  Washington and California sites score right at 50 
percent. This clustering is directly translated from the belief map input above. 

 Socioeconomic results by themselves also mimic the geographic cluster trend 
entered using the belief maps. 

•	 Overall Satisfaction: 

 It’s not until we examine the scientific and stakeholder results under the Overall 
Satisfaction VIEWPOINT that the Manager Weightings are applied. In this way 
we can examine the results against the Issue Managers 

6.2.1.7 Outcomes and Deliverables 
This analysis reveals that even when considering all technology types, the technology is more 
suited to the mid and inshore shelf depths (see the BASS Display Port layer: “SCIENCE: 
BASS Model Output” and examine the Coastal, Midwater, and Deepwater device suitability 
map outputs interactively).  While the depth envelopes or requirements for each technology 
type vary, we find that the highest suitability scores are seen over mid to shallow shelf depths 
and outer shelf environments are less suitable. 

283-2818-002│2013 6-13 



     
  

 

  

 

   

         
        

         
         
       

         
            

  

        

       
         
         

               
           

          
  

          
          

       
       

       
         

          
 

Bayesian Analysis for Spatial Siting (BASS) Project Report 
Bureau of Ocean Energy Management 

Figure 29. Influence of the Stakeholder Input Around Political and Scoioeconomic 
Considerations 

Figure note: As discussed, the shallowest sites show best suitability regionally.  T he 
Overall Satisfaction VIEWPOINT considers all measures and the Issue Manager ranking. 
From these top regional sites we can see the influence of the stakeholder input around 
Political and Scoioeconomic considerations. Remember that all Oregon sites were 
evaluated as more desirable in terms of Political Considerations, while only the Arago 
and Gold Beach sites were evaluated as more desirable in socioeconomic terms. Results 
show this compound positive assessment effect: ARAGO 1 and GB 1 are the top ranked 
sites when applying a weighting scheme to all measures. 

6.2.2 Statewide: Site-by-Site Comparison for NNMREC 
Use Case Scenario:  UC 5.2, Project Developer Vetting Site Alternatives 

6.2.2.1 Problem Statement 
In this case s tudy the Northwest National Marine Renewable Energy Center (NNMREC) 
requested proposals from the Newport and Reedsport Community Steering Committees that 
discuss the siting of the Pacific Marine Energy Center (PMEC) in their respective 
communities. The PMEC will serve as the grid connected test facility in the US for utility 
scale wave energy devices. PMEC will also serve to test energy generation potential and 
environmental impacts of wave energy devices connecting to the electrical grid via a sub-sea 
cable. 

NNMREC had planned on using BASS to help evaluate the proposals but due to the 
resignation of their representative on the BASS team, continuity was lost. To try to overcome 
this loss of continuity, Professor David Ullman met with Dr. Belinda Batten, NNMREC 
director, on 12/10/2012 to demonstrate BASS using preliminary data from the two 
prospective locations. Preliminary runs were made and Dr. Batten used BASS to develop her 
awareness of the measures that might be important in evaluating the proposals. However, the 
Request for Proposals was let before this meeting so data was sparse and BASS had little 
impact on the decision to choose Newport. 
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While Newport, Oregon has subsequently been selected at the “home” for PMEC, four test 
berth sites remain unselected at this time. Therefore the region of interest in this case study 
encompasses a narrowly defined geography offshore Newport, Oregon and the case study 
objective is to test sites for feasibility prior to submitting a lease application. 

This site-by-site comparison case study provides an example of how the BASS system may 
be used identify the best site among local site alternatives and to identify areas that should be 
avoided. The desired outcome of this case study is to inform the developer (NNMREC) of 
best candidates in terms of technical feasibility, where known interaction exist, eliminate sites 
with fatal flaws, and incorporate proxy stakeholder values. Though Dr. Batten participated in 
an outreach session that helped guide this case study, the analysis and results presented here 
are NOT from that interaction and have been developed by the BASS project team to 
approximate the NNMREC PMEC selection process only. 

6.2.2.2 Entities Involved 
This case study presents an internal process within the NNMREC organization. Roles are 
identified and assigned for: 

1. Issue Manager:  Dr. David Ullman 

• Responsible for project coordination and oversight 

• Selects scientific decision measures from BASS Science Measures Catalog 

• Develops a list of proxy stakeholders and assign roles 

• Develops stakeholder measures aimed at identification of “fatal flaws” 

2. Proxy Stakeholder: Dr. Belinda Batten 

• Represents NNMREC 

• Provides “Stakeholder” evaluations of decision measures 

6.2.2.3 Location 
Region:  O regon’s mid-coast continental shelf region. Site selection is constrained by 
technologies that can be implemented over continental shelf environments, at technically 
suitable distances to onshore support and transmission facilities, and at sites that minimize 
stakeholder conflict. 
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Figure 30. Site-by-Site Comparison for NNMREC Define Project 

6.2.2.4 Decision Measures 
Both Scientific and Stakeholder decision measures are used for this case study. They have 
been developed in accordance with Use Case Scenario 5.2, Project Developer Vetting Site 
Alternatives, with the information gleaned from the NNMREC outreach, and also within the 
limits of the existing device suitability and other scientific models available to BASS. 

•	 How does technical suitability vary for the sites under consideration by the 
NNMREC? 

 Technical Site suitability will be quantitatively considered through BASS. 

 Decision Measure 1: Scientifically modeled device suitability will be 
compared among sites. NNMREC has indicated that cabling distance and 
cost is a strong discriminator. 

 Decision Measure 2: Optimal Depth is 80m; acceptable range is 70m to 90m 

 Decision Measure 3: Shortest cabling distance 

 Decision Measure 4: Require easy access to onshore grid connection. 

 Decision Measure 5: Beyond 3 nautical miles (outside the Oregon Territorial 
Sea) 

 Decision Measure 6: Soft or sandy bottom 
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•	 How are conflicts avoided by selecting one site over another? 

 Conflict with existing ocean uses and stakeholder groups shall be minimized. 
BASS Stakeholder Measures were developed to collect stakeholder values at 
each site. 

 Stakeholder Measure 1:  Minimal impact to existing ocean uses and users 

 Stakeholder Measure 2:  No obvious permitting barriers associated with the 
ocean site, cable routing, or onshore locations. 

 Stakeholder Measure 3: Appropriate location for office space, visitor center 
annex, and equipment storage. These facilities do not all need to be in the 
same location. 

6.2.2.5 Decision Method and Project Workflow 
Step One: The NNMREC investigator acts as an Issue manager to oversee the analysis 
and initiates a BASS project from the BASS User Interface online. 

Step Two: The Issue manager enters the sites for analysis using the BASS User 
Interface. Scientific decision measures are selected from the available measures in BASS. As 
this is a cl osed or non-public process dominated by technical considerations the following 
BASS Scientific models apply: 

Model 1: Shallow Water Device Suitability
	
Model 2: Mid-Water Device Suitability
	
Model 3: Deep Water Device Suitability
	
Model 4: Commercial Fishing Support
	
Model 5: Non-Consumptive Recreation Support
	
Model 6: Visual Interaction
	

Step Three: Define BASS Stakeholder Measures from those identified under conflict 
minimization above. Here, we have developed BASS Stakeholder Measures for 2 of the 3 
indicated as important and for which the Issue Manager has first-hand knowledge. 

•	 Stakeholder Measure 1:   Impact on existing ocean use or users. 

•	 Stakeholder Measure 2: Impact on P MEC success due to proximity to onshore 
support. 

•	 Stakeholder Measure 3: Impact on O MEC Success due to cabling or permitting 
barriers. 

These Stakeholder Measures are designed to uncover discriminating factors that can act as 
“fatal flaws” for the PMEC site. They are designed to capture qualitative values, beliefs, and 
confidence about potential conflict around the proposed site. Minimizing stakeholder group 
conflict is desired to avoid publically proposing a “non-starter”. 

Step Four:  T he NNMREC Issue Manager provides their evaluation using the BASS User 
Interface tools. An overall values structure is provided, followed by site specific evaluations 
using belief maps. 
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Figure 31. Assigning Stakeholder Values to Decision Measures 

The NNMREC Issue Manager ranks technical suitability measures as important site 
descriminators and also ranks onshore support and cabling/permitting as important factors. 
Below we see the issue manager’s site by site evaluation for all three stakeholder measures in 
aggregate.  We can see already that the Issue Manager finds site one (blue) more desirable 
than the alternatives when considering our three stakeholder measures (onshore support, 
cabling/permitting, and existing ocean uses).. 
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Figure 32. Site Evaluations in BASS Using the Belief Mapping Tool 

6.2.2.6 Results 
Step Five After the scientific models have been processed and the stakeholder 
evaluation is complete, BASS fuses the data and provides various tools for interpreting the 
results. The NNMREC Issue Manager examines the fused results and answers the following 
questions. 

• The technically suitable areas are. 

 What areas support the widest range of renewable energy technology? 

This question is best answered by examining the individual site satisfactions for 
each of the three device types. We provide a summary table that was developed 
for this analysis and are using this case study to re-design the report page to 
better present results in this fashion. From the table we see that site CS 2 
provides the highest technical suitability across all classes. We will return to this 
conclusion. 
Site Shallow Tech. Midwater Tech Deepwater Tech 

CS 1 59.19 55.39 76.39 
CS 2 67.12 66.48 78.06 
CS 3 61.41 53.12 65.51 
CS 4 56.04 44.03 63.72 

• The site that minimizes stakeholder conflict and cumulative effects are.
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 Which site minimizes conflict around ocean use? 

Site CS 1 has been evaluated by the issue manager to be the most suitable site in 
terms of minimizing conflict with existing ocean uses or users. 

Figure 33. PMEC Impact Existing Ocean Use or Users 

 Which site minimizes permitting obstacles? 

Analysis of the permitting obstacles shows little differentiation among sites (Fig) 
This is a result of the Issue Manage’rs site by site scoring of this measure. We 
can see from Figure 33 that the Issue Manager ranked each site at the same level 
of satisfaction (X axis) and provided little distinction in certainty. 
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Figure 34: PMEC Impact on PMEC Success Due to Cabling or Permitting Barriers 

Figure 35: PMEC Issue Manager’s Evaluation of Cabling/Permitting Barriers 
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• Taken together, what is the top site for moving forward to the permitting phase? 

Analysis of the four proposed PMEC sites using both BASS scientific and 
stakeholder measures predicts that the CS 2 site is the overall most satisfactory site. 

Figure 36. BASS Display of Aggregate Science Measure Ranking 

Figure note: Site CS_2 finishes ahead of other sites. 
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Figure 37. Site-by-Site Comparison for NNMREC 

Step Six: Several of the technical decision measures that were identified during the 
outreach with NNMREC may also be evaluated using the Display Port. The intention here is 
to provide a means to evaluate information that may be help interpret the results of the BASS 
Analysis. 

Again, our technical decision measures are: 

•	 Decision Measure 1: Scientifically modeled device suitability will be compared 
among sites. NNMREC has indicated that cabling distance and cost is a st rong 
discriminator. 

•	 Decision Measure 2: Optimal Depth is 80m; acceptable range is 70m to 90m 

•	 Decision Measure 3: Shortest cabling distance 

•	 Decision Measure 4: Require easy access to onshore grid connection. 

•	 Decision Measure 5: Beyond 3 nautical miles (outside the Oregon Territorial Sea) 

•	 Decision Measure 6: Soft or sandy bottom 
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Figure 38. Site-by-Site Comparison for NNMREC Coos Bay Results 

Figure note: The NNMREC PMEC site proposals located adjacent to Coos Bay, Oregon 
are ach outside of the Oregon Territorial Sea and located over sandy bottom. The sites do 
not meet the depth criteria. Depending upon routing choices and landing location, cabling 
distances are comparable. 
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Figure 39. Site-by-Site Comparison for NNMREC Newport Results 

Figure note: The NNMREC PMEC site proposals located adjacent to Newport, Oregon 
are ach outside of the Oregon Territorial Sea. Site 1 is located over sandy bottom, but Site 
2 may be located over hard bottom (unpublished BOEM and NSF OOI data suggest that 
this outcrop is not exposed on the seafloor, but shallowly buried). The sites do not meet 
the depth criteria however Site 1 is the closest of the four proposed sites to the desired 
depth window. Again, cable routing and landing choices make cabling distances 
comparable. 

6.2.2.7 Outcomes and Deliverable 
The outcome of this case study informs the NNMREC Issue Manager that the top site in 
terms of technical feasibility, permitting hurdles and potential ocean use interactions is Site 
#2. The follow up Display Port analysis of external advisory information confirms this choice 
but alerts the NNMREC Issue manager that hard substrate may be shallowly buried and 
provide unforeseen technical difficulties. 

We acknowledge that the site chosen through this case study (CS 2) was not the site chosen 
for the PMEC (CS 1). There are a few factors we can examine to better understand the site 
selection mismatch. First, this case study is meant as an example. Stakeholder input was 
provided by the project team to illustrate the process and use of the tool. Second, we 
understand that cabling costs factored into the official PMEC site selection. In this example 
we provided stakeholder evaluations that showed little difference in cabling obstacles among 
sites. 
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An few interesting observation can be made by examining the technical suitability (scientific 
measure) results and the impact on existing ocean use results (stakeholder measure). From a 
purely technical suitability viewpoint we saw that site CS 2 was the top site for each device 
type. However the suitability spread from one site to another is not large (+- 7 or 8% on 
average). The spread around impact to existing ocean use or users on the other hand is quite 
large. Site CS 1 scores much higher (98%) than do the other sites (CS 2 = 76.78%, CS 3 = 
25.23%, CS 4 = 28.42%). Ultimately, it’s the Manager’s VALUE ranking that weights the 
technical suitability of the site above stakeholder assessment of use conflict in this case. CS 2 
is the top site under our specified conditions but the final scores between the top sites are 
close. Providing more accurate information around true permitting and cabling barriers would 
likely bring the analysis into agreement with the official PMEC site selection. 

6.2.3 Permit Evaluation for PMEC’s Test Berth 
Use Case Scenario: UC 5.4, The Federal Energy Regulatory Commission (FERC) is 
Evaluating A Permit Application 

6.2.3.1 Problem Statement 
In this case study, the Northwest National Marine Renewable Energy Center (NNMREC) 
submits a permit application to site the Pacific Marine Energy Center (PMEC). 

This permit evaluation case study provides an example of how the BASS system may be used 
identify impacts to specific resources protected by the regulation creating the permit 
obligation. Trade-off analysis of permitting process is supported by spatial mapping of 
science measures. 

6.2.3.2 Entities Involved 
Permit review manager at FERC or Oregon DSL. 

1.		 Issue Manager (Permit Reviewer): Responsible for identifying impacts to specific 
resources and examining trade-offs 

•	 Examines site suitability scores in the context of protection targets or thresholds 

•	 Screens for impacts to ecosystem functions or areas important to fisheries 

•	 Evaluates potential for stakeholder conflicts as part of the trade-off analysis 

6.2.3.3 Location 
Region:  O regon’s mid-coast continental shelf region. Site from NNMREC side-by-side 
analysis has been put forward for permitting. Permitting is governed by site specific 
permitting requirements and compatibility with broad regional planning goals (e.g. OR 
Statewide Planning Goals 17, 18, and 19 or Territorial Sea Plan’s Uses of the Seafloor). 

6.2.3.4 Decision Measures 
Scientific and Stakeholder decision measures from the previous case study (side-by-side 
analysis) can carry through to inform the permitting process here. This case study has been 
developed under general framework of the Use Case Scenario 5.4 above. Specific permitting 
requirements have been adopted from Oregon’s Territorial Sea Plan’s Part 5, Use of the 
Territorial Sea for the Development of Renewable Energy Facilities or Other Related 
Structures, Equipment or Facilities guidance document. 

Note: A key difference between this Permit Review Case Study and the previous Side-by-
Side Site Comparison Case Study is that the permit officer is no longer concerned with 
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technical suitability. The permit officer seeks to determine where impacts to natural resources 
that are protected under any governing measures. 

• Does the site exhibit any changes in suitability scores due to development? 

• Has the developer selected a site that minimizes these impacts? 

• Does the site present potential for stakeholder conflict? 

6.2.3.5 Decision Method and Project Workflow 
Step One: FERC Permit Officer obtains access to stored NNMREC PMEC project. 
NNMREC Issue manager adds FERC Permit Officer staff to project with manager privileges. 

Step Two: FERC Permit Office Staff examine the project results for scientific measures. 
Changes initial to final suitability are noted. For comparison, impact scored from other areas 
can be viewed in the Display Port. 

Step Three: FERC Permit Office Staff examine the project results for stakeholder 
measures. 

Step Four: FERC Permit Office Staff load geospatial model results through the display 
port. 

6.2.3.6 Results 
Does the site exhibit any changes in suitability scores due to development? 

The CS_2 site presents: 

Model Initial Suitability Final Suitability Change in 
Suitability 

Reduction in 
suitability 

Cetacean 
Kelp 
Groundfish 

0.313 
0.214 
0.760 

0.280 
0.162 
0.649 

0.033 
0.052 
0.112 

11.55% 
24.11% 
14.71% 

Has the developer selected a site that minimizes these impacts? 

The site reduces modeled Cetacean and Kelp suitability from initially low support 
suitabilities to yet lower support suitabilities. Determining the significance of these results 
requires an understanding of resource protection targets or thresholds. For example, planning 
goals that dictate minimum protection levels may not be achieved under these initial or 
projected impact conditions. What the permit officer identifies through these results is that 
the area does not likely support kelp under any circumstances triggering no pr otection 
priority. 

On the other hand, this site may produce a more significant change in support for groundfish 
than it does for cetaceans or kelp. Initial groundfish suitability is relatively high at 0.76. A 14 
to 15% drop in suitability has a higher potential to be at odds with local and regional planning 
goals and management regulations. 

Does the site present potential for stakeholder conflict? 

Examining the “Impact on existing ocean use or users” stakeholder measure the permit 
officer finds that the proposed site scores favorably in terms of potential for conflict 
(favorable translates to low potential for conflict). However, the permit officer should be 
alerted that a nearby site scored more favorably than the final site proposed. In this case the 
permit officer may decide that additional stakeholder input is needed. Examining the 
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Commercial Fishing Effort model in the Display Port reveals that the site occurs in an area of 
high commercial use. 

Figure 40. BASS Analysis Results for Use Conflict 

Figure note: BASS analysis results for use conflict reveal that the proposed site CS_2 has 
more potential for use conflict than does site CS_1. Both sites are favorable overall, 
however, and the permit officer must weigh these scores against permit priorities. 
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Figure 41. Display Port Visualization 

Figure note: Display Port visualization of commercial fishing effort (source Fish Cred) 
and NNMREC sites CS_1 and CS_2. While not part of the BASS analysis the 
commercial fishing effort map may aid the permit officer when estimating the potential 
for user conflict. 

6.2.3.7 Outcomes and Deliverables 
The permit officer has justification and scientific analysis with which to weigh the proposal 
against permitting guidelines. 

6.3 OUTREACH AND BETA TESTING 
The future of CMSP is in interactive and inclusive DSSs (TNC 2009). BASS is designed to 
provide transparency and engage a range of stakeholders in the ocean renewable energy siting 
process. Engaging input in the assessment and evaluation of ocean renewable energy 
proposals allows group deliberation to inform knowledge about cumulative impacts, societal 
relationships with those impacts, and the value of benefits and costs associated with the 
impacts (Cowling et al. 2008). It also has wider benefits including: (1) Understanding 
potential for conflict over multiple objectives for the use and management of coastal and 
marine ecosystems; (2) Better specification of existing interactions between marine 
ecosystems and the communities that depend on them; (3) Disseminating knowledge about 
costs and benefits of ocean renewable energy development to coastal communities, decision 
makers and stakeholders; and (4) Fostering community participation in CMSP (Kumar and 
Kumar 2008; Lynam et al. 2007; Pomeroy and Douvere 2008). 

BASS is designed to facilitate coordination amongst the diverse users of the ocean, 
including energy, industry, government, conservation and recreation, to make informed 
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and coordinate decisions about how to use marine resources sustainably. The BASS 
project team hosted numerous meetings, workshops, webinars and tutorials throughout the 
tool development process to both continuously incorporate feedback from potential users to 
improve the tool’s function and relevance and educate potential tool users or decision makers 
on tool functionality and application. 

The objectives and results of outreach and beta testing of BASS evolved as BASS was 
developed, and generally included the following phases and/or outreach activities. 

Communicating about BASS to potential tool users or decision makers 

BASS is a sophisticated model; some stakeholder outreach and beta testing activities included 
soliciting feedback on how well the project development team was doing explaining the tool 
to potential users or decision makers. Feedback from these outreach activities was used to 
hone the messaging around BASS tool functionality and application for agency 
representatives and industry. 

Second, in addition to communicating the value and relevance of BASS to potential tool 
users, beta testing provided a m eans of both 1) honing the project team’s message and 
improving its ability to educate tool users and as tool development advanced, 2) solicit 
feedback from potential tool users or decision makers to improve tool functionality. 

Communicating about BASS to stakeholders 

The relevant information required for Stakeholders to utilize BASS is different from Issue 
Managers. Select outreach and beta testing activities, depending on the makeup of 
participants, included soliciting feedback on how much and what type of information is 
critical to effectively and efficiently engage stakeholders, and to walk stakeholders through 
the process of providing input while beta testing the tool. Feedback from outreach activities 
designed to engage stakeholders was used to hone the messaging about how BASS integrated 
values of stakeholders to improve CMSP processes, and also to improve functionally how 
BASS obtains and represents stakeholder values. 

The following section contains a chronological description of stakeholder outreach and beta 
testing activities completed throughout the development of the BASS tool. 

6.3.1 Chronological Description of Stakeholder Outreach and BASS Beta Testing 
Activities 

6.3.1.1 Year One of the Project – October 2010 through September 2011 
The primary question the project team faced going into the project was how the component 
parts of the system could be brought together.  During the course of the first year, the team 
addressed this question and defined the relationship between the types of information that 
support a d ecision-making process. Early on i n the process, the team identified several 
important concepts that were later adopted as the basis for system design. During the first 
year of the project, stakeholder outreach was limited, and focused on validation of the 
conceptual models for wave energy feasibility assessment that would form the basis of the 
feasibility data modeling integrated into the BASS tool. That is, while the project team 
contained the expertise necessary to integrate many of the previously-vetted scientific models 
(cite the OWET final report), the BASS project development team wanted to verify the 
assumptions and scoring criteria used to model wave energy feasibility with industry 
representatives. 

Industry outreach activities and associated outcomes during year one of the project coincided 
with the development of the Oregon Wave Energy Trust’s cumulative effects framework. 
While this outreach is invaluable to the wave energy feasibility models integrated into BASS, 
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this outreach was not BASS-specific and thus is not included here. A detailed accounting of 
these efforts may be accessed in the Cumulative Effects Final Report (OWET 2012). 

6.3.1.2 Year Two of the Project – October 2011 through September 2012 
Stakeholder outreach and beta testing evolved with the development of the tool. Outreach 
activities in year two of the project consisted primarily of outreach to industry to verify the 
attributes and scoring criteria used in the wave energy feasibility model results, and to 
educate potential tool users and stakeholders about the pending availability of the BASS tool 
to provide decision support. 

Stakeholder Outreach on December 8, 2011 
Parametrix led a w ebinar prepared for the NOPP team to review the 1) long-term project 
goals, 2) objectives of integrating existing spatial siting and cumulative effects models with 
Bayesian Networks to develop a tool to score the change in social, economic and ecological 
processes from proposed renewable energy siting, while tracking both the model and data 
uncertainty within the system scoring, 3) the approach and work plan to develop BASS, and 
4) summarize the work completed to date. 

Attendees of this webinar included Mark Eckenrode and Mike Rasser from BOEM, and Anna 
Coffey, Jocelyn Brown-Saracino, and Patrick Gilman from DOE. 

Stakeholder Outreach on March 12, 2012 
Via their websites, Parametrix, Aquatera and OSU release a joint press release educating 
potential tool users and stakeholders about the use and application of BASS. 

Stakeholder Outreach on April 30, 2012 
The NGO Ou r Ocean organized a conservation-focused stakeholder workshop in Portland, 
Oregon. The purpose of the workshop was to discuss how conservation priorities were being 
considered throughout Oregon’s Territorial Sea Planning process. Parametrix presented on 
BASS, including a description of the scientific measures, the impact matrix, and the 
significance/uniqueness of BASS relevant to other CMSP tools. 

Stakeholder Workshop on May 19, 2012 
The BASS project development team hosted its first workshop with potential tool 
users/decision makers and stakeholders to walk attendees through the process of using BASS 
to define stakeholder values in real-time. The purpose of the stakeholder workshop was to: 

•	 Educate stakeholders on where and how the BASS tool can be applied to evaluate 
opportunities to develop ocean renewables, 

•	 Engage stakeholders to provide input to inform an assessment of a “ real-world” 
ocean renewable energy siting process, and 

•	 Integrate stakeholder input in a live setting to inform knowledge about cumulative 
impacts, societal relationships, and the value of benefits and costs associated with a 
specific wave energy development scenario. In this case, stakeholders were asked to 
supply a series of inputs and evaluations to evaluate alternative, candidate sites for 
the NNMREC’s grid-connected test berth facility. 

Ten stakeholders were assigned constituencies to represent; given a tutorial on the 
background and application of the BASS tool; and provided input on two stakeholder issues. 
The data collection process was facilitated by members of the BASS project development 
team. Each stakeholder accessed the tool via their own workstation, and scientific measures 
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being evaluated were projected on a screen towards the front of the room. Stakeholders were 
encouraged to ask questions and provide feedback on tool functionality and ease-of use. 

Further, the BASS project team was interested in: 

•	 Testing how well the BASS project development team communicates the BASS 
tool’s uses and applications, 

•	 Testing the effectiveness of the BASS project development team’s approach toward 
facilitating stakeholder input, and 

•	 Gathering feedback from stakeholders to improve the project development team’s 
explanation of the BASS tool, the stakeholder data collection process, and overall 
tool functionality and ease of use. 

Outcomes and Results of the May 19, 2012 Stakeholder Workshop 
The BASS team documented feedback from stakeholder participants to improve BASS tool 
functionality and future stakeholder engagement. The key observations, or lessons learned as 
a result of this process are documented below. 

BASS Software Modifications 

The NNMREC stakeholder workshop provided the team valuable input for improving BASS 
and how the team communicates about BASS. This input was used to make adjustments in 
three distinct aspects of BASS functionality and ease of use, including: 

•	 Software function and domain-specific terminology used in the BASS graphic user 
interface (GUI); 

•	 The process of collecting data from stakeholders; and 

•	 The manner in which the tool is presented and described to stakeholders.  

These refinements were later tested through a series of internal practice sessions with students 
recruited from Oregon State University’s College of Earth, Ocean and Atmospheric Sciences.  

The primary adjustments made in each of these categories are described in the following 
sections. 

Software Function and GUI Terminology 

Streamlining BASS Model Calculations to Expedite Processing After the NNMREC 
Stakeholder Workshop 

The most fragile part of the BASS tool functionality was the transfer of information between 
the geospatial database and the BASS software platform that facilitates integration of 
stakeholder values. In the May 19 stakeholder workshop, a bug in the software caused an 
approximately five minute delay in processing stakeholder values. 

The BASS programing team isolated and repaired a bug that was causing unnecessary and 
repeated scientific model runs triggered at inappropriate times during the workflow. 
Scientific model runs are remarkably fast, however they are not meant to be initiated or 
triggered during data collection phases. Therefore the application was delayed while 
redundant model run requests were processing in phase with a live data collection exercise. 
To guard against periods where scientific model output was unavailable, an improved system 
of caching the most up-to-date results was implemented. Finally, to further reduce processing 
times, the BASS programming team identified where redundant and time-intensive GIS 
processing occurred. This resulted in a m ore efficient system and expedited processing 
stakeholder inputs. 
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Improving Ease of Incorporating Stakeholder Values and Measures of Uncertainty 

In the version of the BASS tool used at the  May 19, 2012, stakeholder workshop, 
stakeholders were asked to provide their opinions on the level of impact that would occur as a 
result of wave energy development and an expression of how certain they were about their 
opinions on the level of impact using a B elief Net. The BASS project development team 
evaluated the opportunity to separate this evaluation from the current Belief Net into two 
distinct inputs; stakeholders moved one slider bar to express their opinions on the level of 
impact and another slider bar to express their levels of certainty. Limiting the stakeholder 
focus to one issue at a time reduced the potential for confusion. In addition, the labeling 
associated with the slider bars used to input stakeholder data was changed to make the system 
more intuitive to stakeholders.  

Data Collection Techniques 

Alternative Approaches to Improve Stakeholder Data Collection 

The team tested an assortment of paper and online data collection approaches. Originally, the 
BASS project development team was reluctant to rely upon paper-based data collection in an 
attempt to satisfy Paperwork Reduction Act requirements and to reduce the amount of time 
required for a “manager” using the BASS tool to input stakeholder data. Further, while the 
project development team assumed there would still be occasions when it was necessary to 
use paper-based survey approaches, the hope was that it could be de-emphasized.   

Based on workshop feedback, the team developed data collection protocols that allow for 
stakeholders to provide input using both paper-based surveys and online data entry. As a part 
of the BASS project, the development team met in Corvallis with students at Oregon State 
University during the week of June 4, 2012, to perform side-by-side comparisons of paper-
based surveys and online data entry. Input gathered from students was used to further refine 
the paper-based and online surveying methods. Ultimately, developing both approaches 
provided BASS managers with the flexibility needed to accommodate stakeholders’ needs 
and limitations and expanded the environments that are used to collect stakeholder input to be 
incorporated into BASS analysis. 

Establishing Realistic Expectations for the Time Needed to Educate Stakeholders on BASS 
Data Collection Methods 

The amount of time available to train stakeholders on how to enter data was truncated during 
the May 19, 2012, stakeholder workshop. The BASS project development team believes it is 
important to establish realistic expectations for the amount of time needed to effectively 
educate stakeholders and facilitate data collection in a public setting. Further, the BASS 
project development team agrees with stakeholder feedback that limiting the time required for 
stakeholders to provide input will encourage participation and use of the BASS tool. Based 
on stakeholder input, the BASS project development team refined the information and 
education provided on the tool prior to stakeholder data collection. The BASS project 
development team conducted further testing to identify the optimal and minimum amounts of 
training needed by stakeholders prior to data input. 

Improving How We Communicate About BASS to Stakeholders 

The outcome of the workshop suggested that the introduction of the BASS tool to 
stakeholders should be at a very high level and should be limited to a 15-minute introduction 
if possible. While some stakeholders will be interested in learning more about the details of 
the BASS system, answering questions about the details of BASS for these people risks 
losing the majority of other stakeholders and reduces the time available and needed to ensure 
effective data collection. The team identified alternative approaches to provide additional 
detail on BASS functionality for those more interested; these approaches rely principally on 
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making information available to stakeholders prior to data collection efforts. The BASS 
project development team tested recording presentations of BASS tutorials and previous data 
collection efforts, to see if web-based recordings provide an effective means of educating 
stakeholders on use of the BASS tool and stakeholder engagement to augment in-person 
stakeholder engagement. 

Attendees of the NNMREC Stakeholder Workshop 

Name and Associated Stakeholder Constituency 
Mark Eckenrode – BOEM John Lavrakas – Newport Resident 
Laura Anderson – Commercial Fishing Chris Mochon Collura – Marine Researcher 
Jason Busch – Economic Development Terry Thompson – Local Government 
Jena Carter – Conservation Charles Pavlik – Recreational Fishing 
Brandon Hignite – Utilities 
Kaety Hildebrand – Recreation 

BASS Development Team 
Chris Goldfinger – Oregon State University Kevin Halsey – Parametrix 
Chris Romsos – Oregon State University Ann Radil – Parametrix 
Morgan Erhardt – Oregon State University Dave Ullman – Robust Decisions 
Flaxen Conway – Oregon State University 
Meleah Ashford – Oregon State University 

Stakeholder Workshop on May 24, 2012 
The BASS team was interested in building on the feedback received during the NNMREC 
workshop, and quickly organized an additional beta testing with a group of OSU students. 
Objectives of this demonstration included: 

•	 To respond and integrate feedback from the May 19, 2012, stakeholder workshop 
with the NNMREC Site Selection Committee. 

•	 To hone the project development team’s message, both in introducing BASS and 
facilitating the data collection process. 

•	 To collect data. 

 Attendees were asked to represent a stakeholder constituency (i.e., energy, 
industry, recreation, government), and answer the question, “What is the relative 
importance of each of these ocean uses to my stakeholder group?” 

•	 To evaluate paper- vs. computer-based data collection methods. 

•	 To gather feedback from participants to further improve our stakeholder engagement 
process and tool functionality. 

Outcomes and Results of the May 24 Stakeholder Workshop 
This demonstration allowed the BASS team to: 

•	 To hone a “minimalist” tool introduction, one that is more appropriate for 
stakeholders as o pposed to issue managers, while ensuring that stakeholders have 
sufficient information about BASS to understand and participate in the data 
collection process. 

•	 Understand the benefits and trade-offs of using paper vs. computer data collection 
techniques to determine stakeholder values. 
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•	 Understand the benefits and trade-offs of using the Belief Maps vs. Slider Bars to  
obtain stakeholder values and associated uncertainty measures. 

Stakeholder Outreach on September 25, 2012 
Parametrix led a wave energy industry-focused stakeholder workshop at the Annual OWET 
Conference. This workshop included a demonstration of BASS application and functionality 
at local, statewide and regional levels. 

Stakeholder Outreach on November 28, 2012 
Two Bass Team Members presented on BASS methodology and functionality at the BOEM-
led Conference on Marine Renewables in Corvallis, Oregon. The setting was not conducive 
to in-depth discussion and feedback; however, this agency-sponsored event provided a good 
venue for making agency staff aware of the tool’s development and use. 

Stakeholder Outreach on December 12, 2012 
BASS Team Members met with NMMREC staff to 1) deliver a PowerPoint presentation on 
the rationale for, methodology, and application of BASS, 2) to provide a live demonstration 
of BASS, and 3) educate how BASS can/should be used to evaluate potential PMEC sites 
offshore of Newport, Oregon, and Reedsport, Oregon. 

During the tutorial, both BASS scientific measures and stakeholder proxies were used to vet 
candidate sites for a grid-connected testing facility for marine renewables. After the tutorial, 
Belinda Batten, the director of NNMREC, was provided access and guidance to test the 
BASS tool and provide feedback on t he tool’s functionality and relevance. Her feedback 
helped the BASS team to frame the questions asked and application of BASS in the 
NNMREC case study, which is described in detail on Section 6.1 of this report. 

Stakeholder Outreach on January 21, 2013 
BASS Team Members met with Pacific Northwest National Laboratory (PNNL) staff Brie 
Van Cleve and Simon Geerlofs to discuss BASS’ relevancy to ongoing CMSP efforts in the 
State of Washington. Further, Washington State Law (Senate Bill 6350, 2010) requires 
consideration of renewable ocean energy and other new uses. PNNL and Parametrix 
discussed adapting and expanding the suitability analysis methodology in BASS to inform the 
Department of Natural Resources’ efforts to improve the siting of marine renewables on the 
West Coast of Washington. 

After providing a tutorial of BASS, PNNL was provided access and guidance to test the 
BASS tool and was asked to provide feedback on the tool’s functionality and relevance. This 
meeting provided PNNL decision makers with an improved understanding of the 
methodology used to develop BASS and its functionality, and its relevance to current CMSP 
efforts in the State of Washington. 

NOPP Team Webinar on February 11, 2013 
Parametrix led a one-hour webinar to approximately ten potential BASS users at BOEM. The 
purpose of the webinar was to provide an overview of the tool to potential users. After the 
webinar, participants received a username, password, and link to BASS, and were asked to 
test the tool and complete a survey. In addition, participants received additional resources to 
facilitate testing, including the technical manual and two quick-start guides. That is, since 
BASS provides decision support for decision makers, and also has functionality to obtain, 
store, and interpret stakeholder values, two quick start guides were developed – one for Issue 
Managers and one for Stakeholders. In addition to the online survey to solicit feedback on the 
BASS software, a comment form was created to capture feedback on BASS documentation 
and deliverables. 
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Attendees of the NOPP Team Webinar 

Name and Associated Stakeholder Constituency 
Mark Eckenrode – BOEM Joan Barminski – BOEM 
Steve Creed – BOEM Sara Guiltinan - BOEM 
Stephanie Rozek – BOEM Lisa Gilbane - BOEM 
Jean Thurston – BOEM Susan Zaleski – BOEM 
Ann Bull  – BOEM Mike Rasser – BOEM 
Cathy Dunkel – BOEM Brie Van Cleve – BOEM 
Jocelyn Brown-Sarcino – BOEM 

BASS Development Team 
Chris Goldfinger – Oregon State University Kevin Halsey – Parametrix 
Chris Romsos – Oregon State University Ann Radil – Parametrix 
Morgan Erhardt – Oregon State University 

Stakeholder Outreach with DLCD on February 15, 2013 
OSU led a one-hour webinar to approximately six potential BASS users and CMSP tool 
developers at DLCD and the University of California at Santa Barbara (UCSB). Again, the 
purpose of the webinar was to provide an overview of the tool to potential users. As with the 
February 11 outreach to the NOPP team, after the webinar, participants received resources to 
facilitate testing the tool, a username, password, a survey, and link to BASS. 

DLCD participants were encouraged to utilize BASS to organize, integrate and evaluate 
stakeholder feedback and provide feedback on this aspect of tool functionality. Specifically, 
they were encouraged to follow the best practices for remotely engaging stakeholders, as 
described in Section 1 of the User’s Guide. 

Attendees of the DLCD Webinar 

Name and Agency or Institutional Affiliation 
Paul Klarin – DLCD Andy Lanier – DLCD 
Tanya Haddad – DLCD Todd Hallenbeck – DLCD 
Will McClintock – UCSB Evan Paul – DLCD 

BASS Development Team 
Chris Goldfinger – Oregon State University Morgan Erhardt – Oregon State University 
Chris Romsos – Oregon State University Ann Radil – Parametrix 

Outcomes and Results of the NOPP Team and DLCD Webinars in February 2013 
BASS testing by the NOPP Team, and staff from the DLCD and UCSB, provided invaluable 
feedback and resulted in measurable improvements to the BASS software and associated 
project documentation. Please see Appendix B for a summary of the comments and 
associated details. 
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6.3.2 BASS Deployment Readiness 
BASS 1.0 is a n ewly developed system with West coast and Oregon datasets loaded for 
development and testing. Our testing and development scope was Oregon-centric because up 
to date data were readily available to the development team, and several wave energy projects 
had been proposed that could be used as in house prototypes for testing. In Oregon, the full 
set of models have adequate data for BASS analysis. The underlying data have various 
resolutions according to their sources, with bathymetry and substrate forming the backbone of 
the input layers being 100m resolution. Data layers of higher resolution are available and can 
be used at any time for specific analyses. Additional datasets and external analyses generated 
by the Oregon Department of Land Conservation and Development (DLCD) in parallel to the 
development of BASS 1.0 are not yet explicitly incorporated in BASS. These data and any 
externally generated data may be included as “Support Models” and incorporated in the 
BASS analysis as described in a subsequent section. Ideally, these external datasets should be 
incorporated through a probability model, but BASS provides the “support Model” option as 
a workaround for this contingency.   

The model suite incorporated in BASS 1.0 will likely require build out to incorporate other 
species and analysis elements in the future. For example, the Cetacean model currently 
considers only Gray whale migration, but will likely require consideration of other species 
depending on t he problem being considered. Another example is wind energy. The BASS 
system will require models for various bird species, offshore military training routes, and 
wind energy device types to become effective as a tool for wind energy siting. The 
framework for these models exists and these models can be readily developed and 
incorporated into BASS. 

The system has more limited datasets for the US West Coast that currently allow analysis that 
considers depth, sediment type, groundfish, and the three wave device types. Currently, the 
coastwide datasets that are resolution dependent are provided at 500m resolution, with 
upgrades to 100m resolution a straightforward enhancement. Expansion of the system to 
other regions will require a data and development phase to make the system responsive to 
local environmental variables and available data, but is fundamentally straightforward. 

BASS, to our knowledge, is the first system that explicitly merges scientific and stakeholder 
analysis for Marine Spatial Planning. While we have attempted to test and consider the 
scenarios presented in this report and anticipate the pitfalls, effective use of BASS will best 
be accomplished by having the BASS team directly involved in renewable siting processes 
for at least the near term. In this way, unanticipated issues that arise, as we expect they will, 
can be resolved efficiently to achieve a good outcome for the process without undue 
frustration with an unfamiliar software package. An alternative to direct involvement is 
BASS training seminars in which the development team can teach agency personnel not 
simply the use of the software, but the best practices for the process in which BASS is 
deployed. 
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6.3.3 Conclusion 
With numerous CMSP tools available, and with a system as co mplex as BASS, it was 
important to test and hone effective messaging to explain the background, purpose and 
application of BASS, in order to improve the tool’s relevance and application. The project 
team is grateful to the following individuals, representing state, regional and federal agencies 
with responsibilities for CMSP and marine renewable energy siting, who participated in 
webinars and/or BASS tutorials, many of whom provided valuable feedback to help the 
project team refine and improve how it communicated about BASS to potential stakeholders. 
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THE TECHNICAL BASIS FOR BASS INFORMATION FUSION 

INTRODUCTION 
A master once told his student, “decisions are only hard when the there is little difference 
between the choices.” The master was Professor Lofti Zadeh, the father of fuzzy logic. The 
student was, Bruce D'Ambrosio, later a p rofessor of artificial intelligence at Oregon State 
University and co-developer with David Ullman of the Bayesian Team Support (BTS). Like 
fuzzy logic, Bayes methods require a change in the way uncertain problems are approached. 
Bayes methods fit team decision making in ways that fuzzy logic cannot. 

Bayesian decision theory has its roots in the work of an obscure eighteenth century cleric, 
Reverend Bayes, who worried about how to combine evidence in legal matters. But its 
modern form traces to the work of John Von Neumann, mathematician and computer pioneer, 
in the 1940s, and J. Savage in the 1950s (Savage 1955). Bayesian methods rely on measuring 
and managing the degree to which a person believes a proposition. The basic equations Bayes 
developed are used as the basis for updating beliefs in the light of new information; such 
updating is known as Bayesian inference. 

Bayes’ methods rely on probabilities. However, they are used quite differently from 
traditional probabilistic methods. Traditionally, what is deemed probable is not propositions 
believers entertain (as is the case with Bayesian methods), but events concerning members of 
populations to which the tools of classical statistical analysis can be applied. For example, 
you can measure the heights of a population of people and use these results with traditional 
event-based statistics to predict the height of your new child. However, if you want to choose 
the best preschool for your child to go to, event-based statistics may give information on 
graduation rate, but may not help you decide if you want to have a picnic tomorrow as we 
shall see. 

Bayesian decision theory is a well-founded computational theory (Winkler 2003) for applying 
general knowledge to individual situations characterized by uncertainty and risk. It excels in 
situations where the available information is imprecise, incomplete, and even inconsistent, 
and in which outcomes can be uncertain and the decision makers’ attitudes toward them 
varies widely. Bayesian decision analysis can indicate not only the best alternative to pursue 
given the current problem description, but also whether a problem is ripe for deciding, and if 
not, how to proceed to reach a decision. 

As classical statistics revolutionized the discovery of knowledge in the early twentieth 
century, so Bayesian decision theory is revolutionizing the application of knowledge in the 
twenty-first. This revolution is already underway: 

•	 Most major spam tools are based on Bayesian methods; it gives them the ability to 
learn which mail is spam and which isn’t. 

•	 All speech recognition tools use Bayesian methods. 

•	 Medical diagnosis tools are being developed. 

•	 Counterterrorism efforts center on the use of these methods. 

•	 Robotics and navigation take advantage of the ability to update information as new 
information becomes available 

In Savage’s formulation, a decision problem has three elements: (1) preferences over the 
possible outcomes of alternate actions, (2) a set of action alternatives, and (3) beliefs about 
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the world. Given a problem description, the theory prescribes that the optimal action to 
choose is the alternative that maximizes the subjective expected utility. 

There was a well-known problem in applying Bayesian decision theory to decisions involving 
teams: there was no known sound way to integrate the preferences of multiple decision 
makers. This has been solved (and patented2) with BTS. BTS assumes that the information 
collected is incomplete, uncertain, conflicting, and evolving. As evidence accumulates, the 
greatest degree of belief in one of the alternatives will emerge as the best choice. The BTS 
methodology is the basis for Accord software which has been used as t he core of BASS. 
Other methods cannot fuse team knowledge or support uncertain and incomplete qualitative 
information as can these algorithms.  

Before we continue, it is important to compare and contrast Bayes probabilities to what we 
learned in school. Bayesian probabilities look at the world differently from traditional 
probabilities (called frequentist probabilities to differentiate it from Bayesian). Frequentists 
see probability as the long-run expected frequency of occurrence. P(A) = n/N, where n is the 
number of times event A occurs in N opportunities. Thus, frequentists worry about measuring 
what has already happened to estimate the probabilities of future events. However, the 
Bayesian view of probability is related to degree of belief. It begins with a hypothesis about 
reality (often called a “p rior”) and updates this as more is learned. It is a m easure of the 
probability of an event given incomplete knowledge. The difference between Bayesian and 
frequentist approaches cis summarized in Table A1. 

Table A1. Summary of Frequentist vs. Bayesian Positions 

Frequentist Bayesian 

View Based on measurements of past 
events 

Based on estimates of future events 

Evidence Measures past results Uncertain estimates of the world 

Statistical results Based on data description Based on the chance of parameters 
meeting targets 

Rigidity Must follow a set design Updated as new information becomes 
available 

Use in making Can only give evidence for decisions Tailored for decisions 
decisions 

Here’s a simple example. I want to have a picnic at noon tomorrow. I need to make a decision 
by 9 a .m. tomorrow morning whether or not to cancel it, which I will if it is going to rain. 
From my frequentist perspective, I have data about the probability of rain tomorrow, and 
even some data that tells the probability of it raining tomorrow based on the barometer and 
other data about today. All of this is based on past measurements that results in statistics such 
as “it rains 70 percent of the time on September 5..” The only results I can get from this data 
are what have been designed into the reduction of the past data (i.e., I can’t say anything 
about the probability of mice falling from the sky if that type of precipitation was not 
measured and modeled). This frequentist view helps me make a decision only by providing 
me with evidence for a future event, but this is not enough. 

2 General Decision-Making Support Method and System, U.S. Patent # 6,631,362, Ullman, 
D.G. and D’Ambrosio B., October 2003, Assignee Robust Decisions Inc 
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The morning of the picnic I look outside. I am armed with the frequentist prediction of 70 
percent chance of rain. I look at the sky, the barometer, and my Ouija Board, and update the 
70 percent (i.e., the prior) with new information: a Bayesian view. I would like a clear day 
(my target), but there are some clouds which make this possibility uncertain. Based on my 
best estimates I believe that the chance of rain is 60 percent, and this is almost low enough for 
me not to cancel the picnic. The phone rings and it is my friend who lives 30 miles west of 
me. It is clearing over his house, and the weather always comes from his direction. Based on 
this new information, I update my 60 percent prior to a 40 percent chance of rain and decide 
to have the picnic. I am truly a Bayesian. 

From this basis, we can now develop how we use Bayesian logic to support making complex 
decisions. 

ELEMENTS OF A BAYESIAN DECISION MODEL 
As I stated earlier, a Bayesian decision model, as specified by Savage, has three elements: (1) 
a preference over the possible outcomes of action, (2) a set of decision alternatives, (3) a set 
of beliefs about the world. We will assume that for any decision problem we have a set of 
alternatives to choose among—the second element—and so we will focus on the first 
element, the preference model (i.e., the criteria) and third element, beliefs about how well the 
alternatives meet the preferred outcomes. 

A preference model is a set of objectives or criteria that are used to judge the alternative 
solutions. This is simple when there is only one criterion, but when there are multiple criteria, 
exactly how to combine the evaluations to model the preference is problematic. A typical 
simplification is to use a simple additive model, in which one first decomposes overall 
preference into a s et of objectives, here embodied in criteria, and then assigns importance 
weights to each criterion. This assumes that the team member is willing to trade off losses in 
one objective for gains in another. While this is sometimes the case, it does not always hold. 
We will explore how to model these “critical criteria” in a later section. 

Beyond how to combine criteria, there is a second problem with preference models: there are 
strong theoretical reasons why it is impossible to combine preferences from multiple decision 
makers.3 BTS uses two methods to manage team evaluations. These will be developed here. 
But before I do this, I must address the third element of Savage’s Bayesian decision model. 

The third element, modeling beliefs about the world, must, first of all, be simple and intuitive. 
Complex models that require vast amounts of precisely specified information may be 
theoretically attractive, but are useless to the busy practitioner. Much of the following 
explanation is about how we model beliefs and how we fuse multiple beliefs. We do this in 
two steps. First, we may have multiple people evaluating the same thing and need to fuse 
their beliefs. Then we must fuse the evaluations across the preference model to gain a 
measure of each alternative’s satisfaction. The following material first refines information 
fusion, then explains how we do this, with qualitative evaluations followed by quantitative 
evaluations. 

Information Fusion 
The challenges with information fusion are easily seen in Figure A1. Here there are three 
team members (M1, M2, and M3) using three criteria to evaluate a single alternative. The 
first criterion is qualitative, and the team’s evaluations are shown on the three Belief Maps in 

3 Briefly, Arrow’s theorem shows that there is no way to combine multiple individual preference 
functions in a way that yields results compatible with intuition in all cases. 
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the upper left corner of the diagram. The second and third criteria are quantitative and 
evaluated on the number lines shown in the top middle and right. For each of the criteria, the 
evaluations are fused to find a team belief. This is each team member’s additional evaluation 
combined with the evidence using Bayesian methods. Member 2 adds to the evaluation of 
Member 1 just like my friend’s information about clouds added to my prior estimate about 
the probability of rain. 

Then the team beliefs are fused using the importance weighting (i.e., the preference model) of 
one of the team members. There are three sets of importance weightings shown; there could 
be more or less, but each weighs the team beliefs to generate an overall satisfaction. What is 
shown in this diagram is the core of the BTS methodology and what is programmed in 
Accord. Beyond what is shown, there are many other statistics calculated in Accord. These 
are discussed further on. 

One important point in the diagram is that the underlying mathematics for both qualitative 
and quantitative measures generate team beliefs that can be combined consistently to generate 
the satisfaction, as well as other statistics. First, we will develop the math of qualitative 
criteria evaluations. 
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C 

M1 

M2 

M3 

K 
Team 
Satisfaction 

Team 
Satisfaction 

Team 
Satisfaction 

Weighted Value 

Overall satisfaction 

W1  W2 W3Customer 

Importance 

Weightings 

W1  W2 W3 

W1  W2 W3 

Preference model 

Criterion 1         Criterion 2 Criterion 3 

Figure A1 BTS Information Fusion 

Qualitative Evaluations 
It may seem that the alternative/criterion representation for a decision problem is rather 
simplistic and ad hoc. However, support for this representation comes from extensive 
research into modeling decision-making processes. In addition, there is a straightforward 
mapping to an influence diagram, as shown in Figure A2. Our model of qualitative 
argumentation is derived from this graphical representation. 

Figure A2 represents a single alternative/criterion evaluated by two people. The box labeled 
Decision takes as values the alternatives for resolving the issue represented by the diagram. 
The circle labeled S(Cc|Aa) represents the satisfaction of criterion Cc given alternative Aa and 
is called a satisfaction node. Here the subscript a is the specific alternative being addressed; c 
is the criterion. While we show only one, there will be one satisfaction node for each 
alternative/criterion combination. For qualitative evaluations we allow only Boolean 
({satisfied unsatisfied, or yes/no, or agree/disagree}) satisfaction levels. Therefore, we are 
measuring the probability that the alternative will satisfy the criterion, not the degree to which 
satisfaction is achieved. In other words, we measure the degree of belief that the criterion will 
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be met. After the fact, once we can look at the result, the answer will be “yes, it met the 
criterion,” or “no, it did NOT meet the criterion.” 

Satisfaction 
Node 

Decision Value 

Evidence 
Node 

Knowledge 
Node K1 K2 

E1 E2 

S(Cc/Aa) 

Figure A2 Influence Diagram 

The pair of two-node chains hanging from S(Cc|Aa) represents opinions posted by two 
evaluators. There can be any number of such chains hanging from each of the S(Cc|Aa) 
satisfaction nodes: one for each opinion. The higher of the two ovals represents the state of 
participant knowledge about the ability of the alternative to meet the criterion. It represents 
the probability that what is believed is actually correct. The lower oval is used to encode 
probabilistic evidence for criterion Cc satisfaction. It represents what is believed. 

The conditional probability distribution for the knowledge node given the actual satisfaction 
has two degrees of freedom. We r educe this to a single degree by assuming symmetry to 
simplify knowledge acquisition. That is, we assume: 

P(Kp)=yes|S(Cc|Aa)=yes = P(Kp)=no|S(Cc|Aa)=no. 

What this says is that for each participant’s (subscript p) evaluation the probability (P) that 
what is believed is correct ( P(Kp) =yes) when criteria c is satisfied by alternative a, S(Cc|Aa) 
is the same as the probability that what is believed is incorrect ( P(Kp) = no) when the criteria 
is unsatisfied. This single degree of freedom is the knowledge the participant has about the 
alternative/criterion pair, because this single parameter encodes how accurately the 
participant’s belief reflects the actual world state. The complete distribution for a knowledge 
node, then, is: 

S(Cc|Aa) P(KpS(Cc|Aa)=yes) P(KpS(Cc|Aa)=no) 

Yes  Kc,a,p  1 - Kc,a,p 

No 1- Kc,a,p Kc,a,p 

We allow Kc,a,p to range between 0.5 and 1.0, where 1.0 represents perfect knowledge and 0.5 
represents complete ignorance (i.e., flipping of a coin). 

We will refer to the lower node as the Evidence node, Ep. The evidence node has only one 
value, and all that matters is the ratio of the probabilities for that value given Kp (i.e., this 
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node holds the user-stated probability that the alternative meets the criterion given the state of 
knowledge, normalized to a 0-1 range). That is, we treat the participant as making a noisy or 
soft observation (report) on his or her belief. We encode this as a pair of numbers constrained 
to sum to one, as follows: 

𝑆𝑆(𝐶𝐶𝑐𝑐 |𝐴𝐴𝑎𝑎) 𝐸𝐸𝑝𝑝(𝑆𝑆(𝐶𝐶𝑐𝑐 |𝐴𝐴𝑎𝑎) 

Yes 𝐸𝐸𝑐𝑐,𝑎𝑎,𝑝𝑝 

No 1 − 𝐸𝐸𝑐𝑐,𝑎𝑎,𝑝𝑝 

This says that evidence for yes results in criterion satisfaction, and that the evidence for not 
satisfying the criterion is one minus the evidence. Note that this model assumes uncorrelated 
evidence from team members—this is for a s ingle team member evaluating a single 
alternative/criterion pair. While modeling correlation among opinions is straightforward, it is 
an extra burden on the team that outweighs the advantages in most situations; thus, we do not 
do it. 

We can find the probability of satisfaction by combining the knowledge and evidence. 
Namely, the probability of satisfaction for an alternative/criterion pair is P(Sp(Cc|Aa) = yes) 
and is the sum of knowledge that the evidence is correct times the probability that it is correct 
and the knowledge that the evidence is incorrect times the probability that it is incorrect. In 
equation form this is: 

𝑃𝑃(𝑆𝑆𝑝𝑝(𝐶𝐶𝑐𝑐|𝐴𝐴𝑎𝑎) = 𝑦𝑦𝑦𝑦𝑦𝑦 = (𝐸𝐸𝑐𝑐,𝑎𝑎,𝑝𝑝 𝐾𝐾𝑐𝑐,𝑎𝑎,𝑝𝑝 + 1.0 − 𝐸𝐸𝑐𝑐,𝑎𝑎,𝑝𝑝 (1.0 − 𝐾𝐾𝐾𝐾, 𝑎𝑎, 𝑝𝑝)) 

Let us explore the equation using a Belief Map. In Figure A3, letters A through E show the 
evaluation of a s ingle alternative relative to a si ngle criterion by a t eam of people and 
includes isolines that result from the equation above. 
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A 

B 

C 

D 

E 

Figure A3: Belief Map 

Consider: 

•	 Point A: K =1.0 (very high knowledge), E=1.0 (very high evidence for criteria 
satisfaction), P =1.0 = 1.0 * 1.0 + (1.0 -1.0)*(1.0 – 1.0) 

•	 Point B: K =1.0 (very high knowledge), E=0.0 (very low evidence for criteria 
satisfaction), P =0.0 = 1.0 * 0.0 + (1.0 -1.0)*(1.0 – 0.0) 

•	 Point C: K =0.5 (very low knowledge), E=1.0 (very high evidence for criteria 
satisfaction), P =0.5 = 0.5 * 1.0 + (1.0 -0.5)*(1.0 – 1.0) 

•	 Point D: K =0.5 (very low knowledge), E=0.0 (very low evidence for criteria 
satisfaction), P =0.5 = 0.5 * 0.0 + (1.0 -0.5)*(1.0 – 0.0) 

•	 Point E: K =0.5 (very low knowledge), E=0.5 (no evidence, Medium criteria 
satisfaction), P =0.5 = 0.5 * 0.5 + (1.0 -0.5)*(1.0 – 0.5), default position 

•	 John: K =0.875 (high knowledge), E=0.75 (high evidence for criteria satisfaction), P 
=0.69 = 0.875 * 0.75 + (1.0 -0.875)*(1.0 – 0.75) 

•	 Bob: K =0.72 (medium knowledge), E=0.8 (high+ evidence for criteria satisfaction), 
P =0.63 = 0.72 * 0.80 + (1.0 -0.72)*(1.0 – 0.80) 

•	 Anne: K =0.75 (medium knowledge), E=0.60 (medium+ evidence for criteria 
satisfaction), P =0.55 = 0.75 * 0.60 + (1.0 -0.75)*(1.0 – 0.60) 
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•	 Lisa: K =0.81 (medium-high knowledge), E=0.25 (low evidence for criteria 
satisfaction), P =0.34 = 0.81 * 0.25 + (1.0 - 0.81)*(1.0 – 0.25) 

To combine the individual assessments, the following formula effectively computes their 
normalized product. Normalization combines P(Sp(Cc|Aa) = yes) (the equation that results in 
the isolines) with P(Sp (Cc|Aa) = no). 

P(S(Cc|Aa)=yes) = α * Πp (Ec,a,p Kc,a,p + (1- Ec,a,p)(1- Kc,a,p)) 

with α as a normalization factor: 

α = 1/(Πp (Ec,a,p Kc,a,p + (1- Ec,a,p)(1- Kc,a,p)) 

+ Πp (Ec,a,p (1- Kc,a,p) + (1- Ec,a,p)Kc,a,p)) 

And Πp being the product over all participants. 

This results in the “team satisfaction” noted in Figure A1. It is the probability that the team 
believes that the alternative meets the criterion. For our team, the equations give: 

Team Satisfaction = (0.69 * 0.63 * 0.55 * 0.34)  = .70 
(0.69 * 0.63 * 0.55 * 0.34) + (0.31 * 0.37 * 0.45 * 0.66) 

Where Anne and Bob support John, Lisa’s evaluation counters that support. Without Lisa, 
this value would be 0.82. 

Now this value can be combined with those for evaluations relative to other criteria to find 
the overall satisfaction using the preference model. Where many methods average over 
preference models, in BTS we only use one at a time, as discussed earlier. Thus, the overall 
satisfaction for an alternative according to a specific viewpoint is: 

S(Aa) = ΣcW(Cc)*P(S(Cc|Aa)=yes) 

where W(Cc) is the importance weight assigned to criterion C by a single participant. 

These are the details of how we find the alternative satisfaction for a specific alternative as 
determined relative to a qualitative criteria. In the next section we develop a method that is 
consistent with this for quantitative criteria. 

Quantitative Evaluations 
Quantitative evaluations are different from qualitative. Where qualitative focuses on 
agreement, satisfaction, or yes-ness, quantitative is a measure of degree. There is still the 
need to represent the three decision elements, but here the first (a preference over the possible 
outcomes of action) and third (a set of beliefs about the world) are different. This can be seen 
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on a number line; Figure A4 shows an example. Here the delighted target for cost is $20,000 
with a disgusted value of $25,000. These values describe the preference for the outcome. In 
her evaluation, Anne judges the most likely cost at $25,000 with a low estimate of $22,500 
and a high estimate of $27,000. These constitute her belief about the cost of Grex. Thus, the 
number line gives all the information needed to model Anne’s evaluation. 

Figure A4. Anne's evaluation of the cost of Grex’s proposed cost 

Utility curves based on the delighted and disgusted values give a si mple model of the 
preference model. More sophisticated utility curves could be used than the simple two-point 
type used here, but it is hard enough getting people to think about two target values without 
worrying about more sophisticated models. Additionally, there is so much uncertainty in all 
the estimates that a more sophisticated model is frankly not warranted. 

The belief about the world is based on the high, low, and most likely estimates. These are 
used to define a Beta distribution. This is similar to the common Normal distribution or Bell 
curve, but it allows asymmetrical distributions to be easily modeled. 

We will explain what is done with a simple example. We will use Anne’s data but lower her 
low estimate to $20,000 to make the example graphically more interesting. In Figure A5 the 
utility curve is plotted along with the Beta distribution based on Anne’s estimated values and 
the resulting product of the two. The utility curve shows complete utility (1.0) for any cost 
less than $20,000 and no utility if greater than $25,000. 

Utility 
1.100 Curve 
1.000 

0.900 

0.800 

0.700 

0.600 

0.500 

0.400 

0.300 

0.200 

0.100 

0.000 

Product 

B eta 
distribution 

18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 27.00 28.00 

Cost $K 

Figure A5. Utility Curve 

The Beta curve is based on the three evaluation points input by Anne. Beta curves look like 
normal distributions when symmetrical, but can represent skewed distributions as shown. The 
area under the distribution curve =1.0; however, the vertical scale in the figure has been 
increased for ease of visualization. 
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If you multiply the distribution by the utility, the area under the resulting curve gives the 
satisfaction with the evaluation. Note that Anne’s evaluation greater than $25,000 has 
counted for nothing. In this case the area under the product curve equals 0.19, showing 
Anne’s generally low judgment of the cost. 

If she had evaluated it at $19,000, $21,000, $23,000 then the curves would look as in Figure 
A6. Here the distribution based on the data is partially in the delighted region and is thusly 
fully counted. That part greater than $20,000 is discounted by the utility curve. The resulting 
area under the probability of satisfaction for this alternative/criterion pair is 0.81 or 81 
percent. 

0.000 

0.100 

0.200 

0.300 

0.400 

0.500 

0.600 

0.700 

0.800 

0.900 

1.000 

1.100 

16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 

Cost $K 

Figure A6. Utility Curve for $19,000, $21,000, and $23,000 

The satisfaction calculated here is combined with the others found for either qualitative or 
quantitative evaluations using the preference formula extended for inclusion of quantitative 
evaluations. 

S(Aa) = ΣcW(Cc) * (if qualitative (P(S(Cc|Aa)=yes)), or if quantitative (Satisfaction)) 

or 

S(Aa) = ΣcW(Cc) * (TS(Cc|Aa)) 

It is this satisfaction that is shown on the results page of BASS. By selecting different 
measures or viewpoints, different sets of weightings, W(Cc), are used to find the satisfaction. 
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APPENDIX B 

Comment Summary 





 

 

 
 

 
 
 

 

 
 

  

  

    
     

 

   

  
  

 
   

  
  

    
  

   

   
  

   
 

  
     

   

  
 

  
 

  
 

 
  

   
  

  
  

 

    
       

BASS Report and Manual  Comments and Responses 

# Sheet/Page/Line 
# Reviewer’s Comment Reviewer Designer’s Response Notes 

1 3-1/ line 4 The word “good” is colloquial and may distract readers from the point 
of this sentence: “Because Bayesian modeling is so good at” 

JB – 
comment 

sheet 

Wording has been revised. 

2 3-1 The word “keystone” is colloquial and of uncertain meaning in this 
context:” By using services as a keystone for this analysis.”  Please be 
more careful with the choice of language. 

JB – 
comment 

sheet 

Wording has been revised. 

3 3-4 The word “fatal” is colloquial.  “the fatal errors were committed” JB – 
comment 

sheet 

Wording has been revised. 

4 3-4 This sentence is so rough, I cannot begin to comment: “These two 
concepts go hand in hand, a good analysis is a requirement of a good 
decision if the decision 
is to be science based, and even more so if the decision has legal and 
societal implications 
that may last for many years.”  I have no idea what this means.  It 
uses the word “good,” which has value connotations. Further, it is a 
run on sentence. 

JB – 
comment 

sheet 

Wording has been revised. 

5 3-4 I disagree with this section: 3.2.3 Addressing Temporal Data. 
Vector and raster data concepts are not limiting with respect to a 
temporal dimension. Actually it is the implementation of the 
vector and raster data models that may be problematic. 
However, there are other GIS data models that do explicitly have 
temporal components. Eg.  the NetCDF climate and forecast data 
model.  Please be careful to identify precisely what is being 
criticized.  I suspect this criticism does not hold up for any GIS 
system, though. 

JB – 
comment 

sheet 

The criticism or comment is valid.  The NetCDF data format does include a temporal component.  Time 
could be handled with traditional GIS data types by just having more of them, say, one for each time. 
The point that section is trying to make is what's important is how you use the time information.  Often 
it's not used in an overlay analysis. Wording has been revised to address this. 

6 4-1 to 4-4 This section is highly technical and difficult to follow.  “BBN 
Development Process1: Translating Concept Models to BBNs.” 
Consider adding a glossary so readers can follow – with some 
effort nonetheless- the explanation here. 

JB – 
comment 

sheet 

We agree that this section is highly technical. We have expanded the quick-start guides to provide 
BASS users with guidance for using the tool. It is our hope that the quick-start guides provide readers 
with information that is easy to follow and avoids overly technical terminology. 

BM 

7 4-6 The phrase “on the fly” is colloquial.  The sentence stands on its own 
without this prepositional phrase: “…but rather as a live service to 
process model requests against problem specific siting criteria.” 

JB – 
comment 

sheet 

Wording has been revised. BM 

8 4-9 Grammar: “The solution, BASS, is system that oversees decision 
processes, queries” 

JB – 
comment 

sheet 

Wording has been revised. BM 

9 5-1 line2 “BASS is a capable” Please fix hanging “a”. JB – 
comment 

sheet 

Wording has been revised. BM 

10 5-2 This question indicates a looseness of terms that I am uncomfortable 
with as it leads to ambiguity from a user’s perspective: “What are the 
cumulative effects of developing renewable energy at this site(s)?” 
Please define precisely how cumulative effects is being used in this 
context, like in the following scenario: “What are the cumulative effects 
associated with allowing a renewable energy device to be sited at the 
desired location?” 

JB – 
comment 

sheet 

Wording has been revised to provide greater specificity as recommended. AR 

11 6-1 The West Coast case study (6.2.1) is written in present tense.  This is 
confusing, since I was not aware this was a hypothetical case. Better 
to use past tense. 

JB – 
comment 

sheet 

Wording has been revised. BM 
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BASS Report and Manual  Comments and Responses 

# Sheet/Page/Line 
# Reviewer’s Comment Reviewer Designer’s Response Notes 

12
 6-26 to 6-27
 

13 General 

14 General 

15 6.2.1 

16 6.2.2.7 

17 6.3.4.2, 2nd 
paragraph 

The material in the section “6.3.4.2 Data Collection Techniques” 
amount to notes, and the use of present and future tense are 
distracting. Any reference to a month and day in the text should 
also include a year reference. 
The Report should be a good source of the goals and objectives of 
BASS and its framework for future users. Sections 2-4 provide a 
thorough background of the conceptual approach and methodologies 
utilized in the development of the tool. Section 5 provides a good 
overview of potential BASS applications which will be useful. I firmly 
believe the ecosystem services approach to these large and 
complicated issues will be the wave supporting future decision 
making. 
The report needs to be an accurate account of the BASS-specific work 
and efforts that actually occurred. Efforts in support of previous work 
for OWET or other efforts should not be considered to also be BASS 
efforts in this report. BOEM maintains that those are distinct and 
different efforts under separate contracts. All information contained in 
the report shall be an accurate depiction of the efforts specific to 
BASS. Specifically, starting with Chapter 6.1, Overview, in my 
understanding never took place yet is presented in the document as 
some future effort. Additionally, much of the Stakeholder Outreach 
contained in 6.3.3. appears to be OWET Cumulative Effects 
Framework efforts that are being used here as BASS efforts. 
Specifically, the Stakeholder overviews for (9/27/11; 11/4/11; 
12/20/11; 2/3/12) appear to be OWET efforts. 
This case study is difficult to determine if this is a new effort or a re-
hash of the 2005 Pacific Fishery effort used as a prior supporting 
Bayesian project in your original proposal? The figures etc, appear to 
be more of the 2005 advisory data vs. BASS data. For example, the 
assessment range suddenly ends at Eureka, CA while the problem 
statement and decision measures include the entire west-coast and all 
west coast groundfish triggering EFH reviews. Additionally, the scope 
of the effort proposed as a case study would require a multi-agency 
effort with extensive personnel, time and man-hours to complete. I am 
also unsure whether any agency personnel involved in this effort 
would have the extensive technical, GIS and data management 
qualifications backgrounds to perform such an effort. I do appreciate 
the demonstration of the potential robustness of BASS with this case 
study and am interested in seeing the results. Will the results be 
concluded prior to the project end-date? 

It is interesting to note that the site predicted by BASS (Site # 2) was 
not the site chosen. The case study would provide more valuable 
information by determining the reasons why the predicted site was not 
ultimately validated by the decision maker and the difference that 
BASS could have made in that process. 
Where do the data collection protocols mentioned here reside in the 
document? Please include the protocols and the results on the testing 
of the different stakeholder data collection efforts and protocols 
proposed in this report. 

JB – 
comment 

sheet 

ME - email 

ME - email 

ME - email 

ME - email 

ME - email 

Wording has been revised. 

No action or response is needed. 

Discussion of stakeholder outreach activities has been rewritten to address BOEM-specific efforts. 

This case study is not a re-hash of the 2005 EFH HSP.  This case study examines or shows a case 
where a new model was developed from the ground up and added to BASS for this one study 
application. We identified a subgroup of overfished species as having the potential to control regional 
planning for MRE. We queried the NOAA HUD database for species preferences in terms of habitat 
type, latitude, and depth. We constructed conditional probability tables for each variable (see report 
plots). Suitability is conditional on habitat type, depth, and latitude.  These update our knowledge circa 
2005 because the HUD has been updated over the time period. The updated model again is one 
decision measure for this case study. 

Yes, the original scope of the study was to include the entire West Coast. We developed a pre-filtering 
measure (to not evaluate areas that were under current protection status, i.e. MPA, EFH Closure, 
etc.). The MPA layer in the display port shows that about 1/2 of the WA coast is in the OCNMS and 
much of the area south of Eureka CA is already under some extensive management. This was a 
choice we made as case study issue managers given the problem description. 

An EFH style decision measure like the one developed here could indeed trigger a multiagency effort 
and person-hours to complete. 
Additional detail has been added to this case study to explain why the site predicted by BASS was not 
ultimately selected. 

The organization of this section has been revised to make it easier to track where and how outreach 
events resulted in recommended changes and/or improvements to the BASS system. Data collection 
protocols for engaging stakeholders are defined in the Technical User Manual and Quick Start guides. 
DLCD was provided instruction on engaging stakeholders and were specifically asked to comment on 
the effectiveness of BASS as a means to organize and integrate stakeholder feedback; however, the 
responses received were limited. There was one comment asking for feedback on how to do this; this 
was addressed over the phone and did not lead to further recommended changes/feedback regarding 

BM 

AR 

AR 

CR 

AR 

AR 
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BASS Report and Manual  Comments and Responses 

# Sheet/Page/Line 
# Reviewer’s Comment Reviewer Designer’s Response Notes 

the stakeholder outreach process. 
18 4.1 Format - The page numbers start back at 4-1 following Figure 12. ME - email BM 
19 BASS 

Viewport 
It is difficult to determine the different data layers visible without a 
legend? A legend of the colors/shapes used would be beneficial. 

Unknown The Viewport has a legend called the Table of Contents which pops up every time you open the 
viewport and has keys for the colors/shapes of all of the layers.  In order to see them, the user needs 
to expand the layers down through the Table of Contents structure until they get to the base level of 
data that they are viewing. 

From email  to AR from ME, 
3/18/13 

20 Quick Start 
Guide/BASS 
Viewport 

Much of the data layers provided in the MMC are for areas not 
covered by BASS. The reader should be provided an active list of 
layers pertinent to spatial extent of BASS. 

?? We have developed a more comprehensive quick-start guide that addresses this issue. 

The MMC is a large dataset and is served by BOEM/NOAA. As we do not have ownership of these 
data, we could put together a snapshot of which layers currently have data within the BASS spatial 
extents but in order to keep it up to date, maintenance of the list would need to be ongoing because 
the data are subject to change without notice. 

From email  to AR from ME, 
3/18/13 

21 Guide At the top of the BASS webpage, the ‘launch viewport’ link takes the 
user to another page that needs the latest version of Microsoft 
Silverlight. According to BOEM IT, this new version is not approved by 
DOI and was unable to install on computer.  Could not use the 
viewport. 

ME/NJT 
BOEM 

comment 
spreadsheet 

This problem has been resolved. Currently, the BOEM IT infrastructure is capable of accessing and 
using the BASS Viewport. 

AR 

22 

BASS 

BASS Manager Quick Start Guide does not provide most guidance on 
how to ‘Quick Start’. For example, under ‘Select Location’ – Select 
Existing Aras of Interest….” The guide could clarify if the User needs 
to click on the ‘Select Region’ area on the left side of the page, scroll 
to the region you want, and click ‘enter region’. This would guide the 
User step-by-step through the process. 

NJT 

BOEM 
comment 

spreadsheet 

Both the Manager and Stakeholder Guides have been revised to provide additional detail and 
specificity per the Reviewer’s Comment. 

AR 

23 

BASS does not allow the user to bypass all the stakeholder materials. 
As has been stated many times, the stakeholder data will be used at ME 

Comments 23 and 28: 
The BASS system is not intended to be used in a purely linear process.  It has been demonstrated in a 
linear fashion for the purposes of illustrating the complete range of the tool’s capabilities. All of BASS’s 
abilities are available through the Navigation Bar (elsewhere referred to as the “Progress Bar” which 
may have contributed to the confusion) at the top of the main BASS window. 

ME 

page 1, 

section 2 

the end of the screening process most likely to validate sites. As such, 
the vast majority of the time the Manager will be screening for 
preferred selected sites based solely on scientific and technological 
applicability. Thus, forcing the user through screens of stakeholder 

BOEM 
comment 

spreadsheet 

Figure 1. Navigation Bar 
Accordingly, following project and site setup, a manager may choose to include Scientific Measures 
only, Stakeholder Measures only, or both for an analysis. 
This means that once the Scientific Measures have been selected under the “Scientific Measures” tab 

data is counterproductive during the siting stages. in the Navigation Bar, the Manager may skip all Stakeholder elements of the tool by simply clicking 
ahead to the “Results” tab in the navigation bar.  As long as the manager does not enter any 
Stakeholder measures, the analysis will be run purely on the basis of the Scientific Input. 
The Navigation Bar provides the Manager with the ability to move to any stage in the decision making 
process at any time.  This means that if a manager finds that they wish to go back a step and re-
evaluate or modify what they just did, all they need to do is click on the corresponding tab in the 
Navigation Bar. 

24 

BASS 
Under the ‘Select Location’ tab, when a User enters a new 
Area of Interest, it would be very helpful to have the ability 
to select BOEM OCS lease blocks. 

NJT 
BOEM 

comment 
spreadsheet 

Comments 24, 25 and 26: 
The idea of adding BEOM OCS Lease Blocks as a pre-set grouping of available ‘Areas of Interest’ is a 
good notion.  In the short term, we could add these blocks to a Region where they would be available 
for any user to select.  This idea could work because all Regions in BASS are currently available to 
every user.  Since all regions are available to all users, we do not currently allow individual users to 
delete them or have full freedom to modify them.  If we did, this would open up the opportunity for a 
user to delete a region they were no longer using in their project, while another user had it loaded into 
theirs. 

ME 
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BASS Report and Manual  Comments and Responses 

# Sheet/Page/Line 
# Reviewer’s Comment Reviewer Designer’s Response Notes 

25 
BASS 

Under the ‘Select Location’ tab, when a User enters a new Area of 
Interest, the West-East and North-South Lengths are in kilometers 
(km).  BOEM uses nautical miles for projects typically; suggest 
including nautical miles in addition to, or instead of kilometers. 

NJT 
BOEM 

comment 
spreadsheet 

See response to Comment 24. ME 

26 

BASS 

Region Management. It appears that the user is only allowed to edit a 
regions name and no other information. In particular larger proposed 
regions may need to scale the location and size to minimize impacts, 
etc. and should have the ability to modify beyond a name change. 
Additionally, with no ability to delete regions, the region list may soon 
become quite large during the screening processes and is already 
large with no qualifiers until clicking on the region. 

ME 
BOEM 

comment 
spreadsheet 

See response for Comment 24. ME 

27 

BASS 
Under the ‘Scientific Measures’ tab, it is unclear once a new measure 
is requested to add it to the ‘Select Measures’ column on the left hand 
side of the screen. 

NJT 

BOEM 
comment 

spreadsheet 

When a user selects the “Request New Measure” link under the Scientific Measures tab, the BASS 
system sends an email message to the System Administrator notifying them of the request and who 
sent it.  Because the Scientific Measures are each based on a Bayesian Belief Network, and require 
both model and data development prior to use, the submission of a request for a new science measure 
from BASS will not result in the immediate addition of a new measure in the Science Measure List.  If a 
new Science Measure is warranted, development of the supporting model will require additional time 
and support for completion.  If the measure requested by the user could be considered a stakeholder 
measure, they could add the new measure in real time under the “Stakeholders” tab and the “Define 
Measures” sub tab in the Navigation Bar. 

28 

BASS Back buttons to take the User back to the previously viewed screen 
would be very helpful. 

NJT 

BOEM 
comment 

spreadsheet 

See response for Comment 23. ME 

29 

BASS 

Under the ‘Scientific Measures’ tab, under the ‘Select Measures’ 
column the ‘Suitable for Coastal Devices’ is a broad measure; should 
include depths for ‘mid water devices’ and ‘deep water devices’. 
Different Users may have different definitions of what ‘mid’ and ‘deep’ 
represent. Suggest using bathymetry as a measure instead.  For 
example, instead of using ‘suitable for deep water devices’ it could 
state devices >50m depth. 

NJT 

BOEM 
comment 

spreadsheet 

See response for Comment 27. ME 

30 

BASS 

Under ‘Evaluations’ tab, View/Assign Values, the number on the right 
hand side for the sliding scale has values that may confuse Users. It 
may be more useful to use zero as the starting value (middle) and 
then use negative and positive numbers up and down the sliding 
scale, respectively 

NJT 

BOEM 
comment 

spreadsheet 

Under the “Evaluations” tab on the Navigation Bar, within the View/Assign Values task the numbers to 
the right of the slider bars have significance.  These numbers always sum to 1.0 and allow the user to 
assess the importance of any one measure relative to the others. Setting each of the slider bars to a 
fixed scale with a center value of 0 would diminish the user’s ability to quickly assess the relative 
importance of the individual measures. What is happening here is not a diminishing of absolute values 
as might be suggested by negative values on the slider bars, but rather a re-distribution of importance 
within throughout the measures. 

ME 

31 

BASS Suggest adding a ‘Reset’ tab so Users can start ranking values from 
the beginning. 

NJT 

BOEM 
comment 

spreadsheet 

We have added this recommendation to a list of programming issues we intend to address. 

32 

BASS The Select All button for stakeholders is very slow and does not 
transfer all selections to the selected box. 

ME 

BOEM 
comment 

spreadsheet 

We have added this issue to a list of bugs and intend to remove the button entirely as its function is not 
necessary for use of the tool. 

33 
BASS 

The Initial or Impacted is confusing as it mostly appears to relate to 
satisfaction and certainty. Initial Condition 3 appears to be the 
technology difference which I was unable to determine the additional 

ME 

BOEM 
comment 

This problem has been fixed with additional programming. ME 
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BASS Report and Manual  Comments and Responses 

# Sheet/Page/Line 
# Reviewer’s Comment Reviewer Designer’s Response Notes 

impacts to an area from the renewable development. spreadsheet 

34 

BASS I additionally could not determine different levels of impacts with the 
construction phase than the operation phase? 

ME 

BOEM 
comment 

spreadsheet 

The ability to select between Construction Phase and Operation Phase is currently available under the 
“Define Project” tab of the Navigation Bar. 

ME 

35 
BASS 

Viewport 

I was unable to pull up the project loaded into viewport? As such, it 
appears that the viewport is really only functional for project setup and 
data collection efforts and not to allow an in-depth look at the 
resources and relationships affecting the actual project? 

ME 

BOEM 
comment 

spreadsheet 

We have attempted to pre-load the Viewport with information relevant to a wide variety of potential use 
cases so that it may satisfy planning needs and provide a visual reference during the Decision Making 
Process.  The functionality to automatically update the Viewport with data relevant to a specific project 
in BASS has not been developed. Upon request, additional information can be added into the 
Viewport to support a specific project. 

ME 

36 

BASS 

Viewport 
It is difficult to determine the different data layers visible without a 
legend? A legend of the colors/shapes used would be beneficial. 

ME 

BOEM 
comment 

spreadsheet 

The Viewport has a legend called the Table of Contents, the Table of Contents pops up every time you 
open the viewport and has keys for the colors/shapes of all of the layers. For layers that we pipe in, 
such as the MMC, we have no control over the legend’s symbology in the Table of Contents.  In order 
to see the legends for the layers that we control the user needs to expand the layers down through the 
Table of Contents structure until they get to the base level of data that they are viewing. At the bottom 
level, the symbology should make sense. 

37 

BASS 
Much of the data layers provided in the MMC are for areas 
not covered by BASS. The reader should be provided an 
active list of layers pertinent to spatial extent of BASS. 

ME 

BOEM 
comment 

spreadsheet 

The MMC is a large dataset and is served by BOEM/NOAA. This dataset is provided in the Viewport 
as advisory information only. As OSU is not the Steward of this information, and it is prone to change 
without notice, generating a list of specific data layers within the dataset would be inappropriate due to 
its short lifespan as an accurate representation of the data. 

38 

Report – Sci 
Meas 
Considered 

‘Minimal Effect on.,..”  ‘More is Better’ - Confusing? 

ME 

BOEM 
comment 

spreadsheet 

The wording can be changed to meet the needs of the user group.  In general, stakeholder measures 
are either qualitative or quantitative.  For qualitative, the measure can be worded however the decision 
manager wants, but should have a sense of direction of goodness, i.e., yes, good minimal effect etc., 
quantitative stakeholder measures are of one of three types, more is better, less is better or target is 
best.  These give a sense of goodness also.  For example, if one stakeholder measure is “increase 
tourism”, then what is a good increase and what is minimal.  This is a more is better measure and the 
“delighted” value (see #39 below for comments on this term) may be 100 tourists/month and the 
disgusted level may be 0tourists a month. Wording seems to vary with constituency and we are open 
to other terminology. 

DU 

39 
Report – Sci 
Meas 
Considered 

Delighted – are people really delighted? Are people still delighted if < 
1.0? 

ME 

BOEM 
comment 

spreadsheet 

Delighted is the target level for quantitative stakeholder measures.  Some people like the term “target” 
better.  When stakeholders input their evaluations for a specific alternative they can be between 
delighted and disgusted or beyond either. We are open to other terms. 

DU 

40 
Report – Sci 
Meas 
Considered 

Disgusted – are people really disgusted? 

ME 

BOEM 
comment 

spreadsheet 

See #39. We sometimes use the term “threshold” in place of disgusted. DU 

41 
Report – Sci 
Meas 
Considered 

Public processes are not about the fringes of delight and disgust, but 
more about serving the general public which is somewhere in the 
middle. 

ME 

BOEM 
comment 

spreadsheet 

The stakeholder input is generally in the middle.  Delight and disgust are just targets and threshold. DU 

42 
Report – 
Scientific 
Evaluation 

How does knowledge or estimate relate to confidence and 
uncertainty? It looks to be the median range between the high and the 
low, but is that an accurate depiction with measures with large 
ranges? What does this actually say to the user? 

ME 

BOEM 
comment 

spreadsheet 

Knowledge is the same as certainty. We should only be using one of these terms. DU 

43 Report – What does minimum and maximum (out to 6 decimals?) really convey ME We have added this recommendation to a list of issues we would like to address. DU 
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BASS Report and Manual  Comments and Responses 

# Sheet/Page/Line 
# Reviewer’s Comment Reviewer Designer’s Response Notes 

Scientific 
Evaluation 

to the user? BOEM 
comment 

spreadsheet 
44 

Report – 
Scientific 
Evaluation 

The user must manually compare criterion between areas of interest 
as the report does not? 

ME 

BOEM 
comment 

spreadsheet 

Yes. DU 

45 
Report – 
Scientific 
Evaluation 

What do negative confidence values in the range convey (devices)? 

ME 

BOEM 
comment 

spreadsheet 

We were not able to reproduce this model result. We would like to see an example of negative 
confidence values as this may be a bug. 

DU 

46 
Report – 
Scientific 
Evaluation 

Better to group by criterion. As it stands the user must manually 
compare the different areas and criteria which becomes problematic 
with the addition of multiple areas. 

ME 

BOEM 
comment 

spreadsheet 

The report is html and can be cut and pasted in any order that is needed. DU 

47 
Report- 
Stakeholder 
Values 

Do weights out to 7 decimals by each stakeholder say much to the 
Manager? 

ME 

BOEM 
comment 

spreadsheet 

We agree with the comment and have added this to a list of issues we would like to address. DU 

48 
Report- 
Stakeholder 
Values 

Again, the Manager must manually compare the weights, criteria and 
areas and the report simply prints out pages of non-descript weighting 
factors inputs by various stakeholder groups. 

ME 

BOEM 
comment 

spreadsheet 

That is the state of the report at this time. DU 

49 

Report - Final What does these metrics really say? Low and high numbers both the 
same? 

ME 

BOEM 
comment 

spreadsheet 

The Project Team is uncertain as to which metric in particular is being referring to, and would need 
additional context to be able to address. 

DU 

50 

Report - Final 
The metrics provide no information to the Manager why one area was 
preferred over another? What really made one area more preferable 
than another area. No way for the Manager to determine and provide 
justifications as to really why one area was deemed superior. 

ME 

BOEM 
comment 

spreadsheet 

The Results page lets the manager do this. The report does not reflect all the results capabilities. DU 

51 

Report - Final 
One of the benefits of the Robust Decisions is to see where people 
agree and what exactly they don’t agree on. This comparison would 
be beneficial to the Manager to better focus and bridge the gap 
between groups. 

ME 

BOEM 
comment 

spreadsheet 

Agreed. DU 

52 

Report - 
General 

I don’t believe the report as provided is particularly useful to the 
Manager. Most of the data are inputted metrics and may not be of 
value other than validation and demonstrating some differences 
between stakeholders. Additionally, most information provided on 
criteria and groups need to be acquired through manual 
disaggregation of data. Most importantly, the reports are ‘value heavy’ 
in metrics of ‘satisfaction’ and not really helpful in determining why one 
area is superior than another, especially when there is little variation 
between areas. More text stating what the results of the modeled 
differences between areas would be more helpful to the user. 

ME 

BOEM 
comment 

spreadsheet 

We understand that the “Report Page” as tested by BOEM staff is indeed confusing.  Romsos, Erhardt, 
and Ullman met on Thursday 3/14 to discuss this and other “fixes”. David Ullman will write up a guide 
to interpreting and use of the report results. This guide will aid the user in the near term. In the long 
term we are mocking up a more useful data grid design. 

CR 
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BASS Technical Manual 
Bureau of Ocean Energy Management, Regulation and Enforcement 

CONTENTS 

This collection of technical materials includes the following information. 

Quick-Start Guides 

BASS Manager’s Quick-Start Guide 

BASS Stakeholder Quick-Start Guide 

BASS User’s Guide 

BASS Administrator’s Guide 

Including: 

Appendix A  Copies of Type 2 Licenses Used in BASS 

Appendix B  Commercial Licenses in BASS 

Appendix C  Intellectual Property Issues and Hosting Recommendations for BASS 

March 2013 │283-2818-002 1 
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BASS Manager’s Quick-Start Guide (Pg. 1) 
BASS URLs 
BASS Web Application: The BASS Web Application is used to perform Bayesian Decision Support Analyses 
incorporating Science Measures, Subjective Stakeholder Input, or both.  The BASS application can be accessed 
at http://alphasite.smartsoftwareinc.com:8080/bass/html/login.jsp 

BASS Viewport: The BASS Viewport is used to explore spatial datasets and can be used to filter potential sites 
against advisory datasets.  The BASS Viewport can be accessed from a link to the right of the BASS logo in the 
BASS Web Application. 

The BASS Navigation Bar Allows Navigation Throughout the Tool: 
Step Forward Toward Results 

Step Back to Modify Settings 

The Navigation Bar can be used to navigate forward or backward through the tool by clicking on an appropri
ate tab to move to a desired page. 

- Select an Existing Project from the “SELECT EXISTING PROJECT” list by clicking on the radio button, 
waiting for the page to load, then clicking “LOAD PROJECT” 

OR 
- Define a New Project by Specifying Parameters Under: “DEFINE NEW PROJECT”, then clicking 

“ADD PROJECT” 

- Select an Existing Region from the “SELECT REGION” list by clicking on the Region’s radio button 
OR 
- Define a New Region by clicking the “New Region” link below the “SELECT REGION” list and giving 

the region a name, 
THEN 
- Select Existing Areas of Interest from the “AREAS OF INTEREST” list for a selected region 
OR 
- Define New Areas of Interest by clicking the “Define New Area of Interest” link and specifying desired 

locations 

- Select Relevant Scientific Measures from the “SELECT MEASURES” list, then click “LOAD MEASURES” 
to proceed to the Stakeholders tab, or click “SEND FOR CALCULATION” to run the models, then click 
“LOAD MEASURES” to go to the Stakeholders tab. 

NOTE: If you do not wish to incorporate Stakeholder Measures, click ahead to the “Results” tab in the 
Navigation Bar. 

NOTE: Clicking the “Request New Measure” link will send an e-mail request for a new scientific 
measure to the system administrator, as science measures require underlying data and model 
development, this will not result in the immediate addition of a new science measure to the list. 
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See Page 2 

http://alphasite.smartsoftwareinc.com:8080/bass/html/login.jsp


 

BASS Manager’s Quick-Start Guide (Pg. 2)
 

(Continued) 

- Add Existing Stakeholders from the “POTENTIAL STAKEHOLDERS” list by clicking on their name, clicking in the 
“Manager” radio box if you wish them to have project manager rights, and clicking the arrow pointing to the right 
to move them into the “SELECTED STAKEHOLDERS” list.  

- Remove Stakeholders from the “SELECTED STAKEHOLDERS” list by selecting their name and clicking the left arrow 
to move them back to the “POTENTIAL STAKEHOLDERS” list. 

- The same process is used to add or remove Proxies in the “EXISTING PROXIES” and “SELECTED PROXIES” lists. 

- Add a new stakeholder by filling in the fields under “ADD NEW STAKEHOLDER” and clicking the “ADD” button. 

- Click the “Add New Stakeholder Measure” link below “STAKEHOLDER MEASURES”  to define a new stakeholder 
measure 

- Qualitative Measure types have no numeric value associated with them, an example of this might describe a 
stakeholder’s sense of place. 

- The remaining Measure types are quantitative meaning that they represent values associated with suitability 
outcomes, an example of this might be Job Creation with a target number of jobs and a measure of how 
satisfactory that number would be to the stakeholder. 

- Click “LOAD MEASURES” to proceed to the “INVITE STAKEHOLDERS” tab 

-Select the stakeholders, measures, areas of interest and desired response date from the provided fields. 
Enter custom e-mail message content/comments if desired, the click the “SEND INVITES” or the “CONTINUE” button 
to send the invites or proceed to the Evaluation tab. 

This window allows the user to rank the relative importance of the measures from their viewpoint 

- Two “Modes” are available in this window, they are “Sum” and “Ranking”. They can be selected by checking the 
radio button next to the desired mode. 

- In the “Sum” mode, a slider may be moved horizontally to the right to increase the relative importance of each 
measure, or the left to decrease the relative importance of each measure. 

OR 

- In the “Ranking” mode, the measures may be moved vertically up to increase their relative importance, 
or down to decrease their relative importance. 

- Within the “Evaluator” box, select your name or the name of the stakeholder you are representing 

- For each combination of Measure/Location a satisfaction/certainty must be collected.  This can be accomplished 
one site at a time by moving through the “SELECTED MEASURES” list and the “SELECTED LOCATIONS” systemati
cally.  Within the belief map there are two radio boxes that allow the user to work through their entries by showing 
all locations at once, all measures at once, or both.  These radio boxes are “Show all Locations” and “Show all 
Measures”.See Page 3 



 

BASS Manager’s Quick-Start Guide (Pg. 3)
 

(Continued) 

- An alternative evaluation method to the Belief Map is available for Stakeholder Measures if they are all purely 
Qualitative.  This method is in the form of slider bars and is available by clicking on the “Use Slider evaluation” link 
below the Evaluator’s Name. 

- When the Results tab is first opened the Manager sees a map of the Areas of Interest with corresponding percentages 
representing site suitabilities given a fusion of all the available data. 

- The “SELECT VIEWPOINT” list on the left side of the screen allows the manager to select different viewpoints for the site 
suitabilities. 

- Below the “SELECT VIEWPOINT” list, a red button, “SEND FOR CALCULATIONS”, is available which submits a model run 
request to process the models that were selected under the “SCIENTIFIC MEASURES” tab.  Once this button has been 
selected, there will be a time commitment associated with the model run so it is preferable to submit requests in 
advance of public meetings to minimize down-time. 

- Below the “SEND FOR CALCULATION” button there is an “INITIAL OR IMPACTED” button that lets the user select 
alternative cases for comparison (where there is a modeled difference between intial condition and impacted 
condition).  Where the initial and impacted conditions show no difference, the “IMPACTED” check box will be grayed 
out. 

- A slider under “SATISFACTION THRESHOLD” allows the Manager to adjust a threshold for the sites, as the slider moves 
up, only the sites with suitability values greater than the threshold will be displayed on the map. 

NOTE: The initial suitability threshold is set to a default value of 50%, if the sites all return suitability values below this 
threshold, initially there will be no sites displayed, if this occurs, slide the threshold slider down until the sites show up 
in the map. 

- From this page a report can be generated that allows further exploration of the analysis results. 



 

 

  
 
 
 
 

BASS Stakeholder Quick-Start Guide
 
BASS URLs 
BASS Web Application: The BASS Web Application is used to perform Bayesian Decision Support Analyses 
combining Science Measures and Subjective Stakeholder Input.  The BASS application can be accessed at: 
http://alphasite.smartsoftwareinc.com:8080/bass/html/login.jsp 

BASS Viewport: The BASS Viewport is used to explore spatial datasets and can be used to filter potential sites 
against advisory datasets.  The BASS Viewport can be accessed from a link to the right of the BASS logo in the 
BASS Web Application. 

The BASS Header Bar Guides Progress through Stakeholder Input: 
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- Select the Project in which you are Participating 
- Load Project 

- Select “Sum” or “Ranking” as your mode to specify Measure Importance 
- The “Sum” mode allows you to move the sliders on the bars left and right 
   according to their importance 
- The “Ranking” Mode allows you to arrange the measures vertically according 
   to their importance 

- Save your Input 

- Score Each Stakeholder Measure per Site According to Desirability and Certainty 
- Save your Input 

http://alphasite.smartsoftwareinc.com:8080/bass/html/login.jsp
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BASS User’s Guide 
Bureau of Ocean Energy Management, Regulation and Enforcement 
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1. INTRODUCTION TO USING BASS 

Accessing and using the BASS tool 
The BASS application suite is hosted at both Smart Software and at Oregon State University. Smart 
Software hosts the alpha version of BASS. OSU hosts the supporting BASS Scientific Model Service, 
the BASS Display Port & Map Services, and firewalled help and diagnostic tools for administrators. 
When completed, OSU will host all services hardware within the College of Earth, Ocean, and 
Atmospheric Sciences (CEOAS). The BASS Administrators guide provides a discussion of hosting 
options and licensing considerations under this and alternate deployment scenarios. Production 
deployment scenarios and instructions are outside the scope of this user guide. 

This Technical User’s Manual is intended to provide instructions at a level of detail suitable for a 
decision maker, also known as an Issue Manager, to build and run an analysis with the public-facing 
toolset. 

The hostname of bass.coas.oregonstate.edu is reserved for this system. Several components fall 
under the umbrella of BASS, and the URL for each component is listed below. Issue Managers and 
Stakeholders use the BASS Decision Support Tool interface to set up projects and to collect 
stakeholder data. The display port may be used to advise any or all phases of a project from setup to 
data collection by providing a view and query environment for preloaded advisory and scientific 
model datasets. The BASS Model Services supply scientific model results, but are, for the most part, 
transparent to the user and are called by the BASS Decision Support Tool. 

1. BASS Decision Support Tool (URL will change in production) 

http://alphasite.smartsoftwareinc.com:8080/bass/html/login.jsp 

2. BASS Display Port 

http://hornet.coas.oregonstate.edu/bass/ 

3. BASS Model Services 

 GIS linked BBN Model Service 

http://bass.coas.oregonstate.edu/bass/ModelRunRequestImpact/ 

 BASS Output Directory 

http://bass.coas.oregonstate.edu/impact_output/ 

 BASS Model Service Request Log 

http://bass.coas.oregonstate.edu/bass/BASSlog/ 

 BASS Model Description Pages 

http://bass.coas.oregonstate.edu/Model_Descriptions/ 
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User scenarios 
The BASS tool assists with a myriad of spatial siting decisions. User scenarios guide users through the 
tool application best suited to the question they are trying to answer. 

Specifically, the project team developed the following scenarios: 

•	 Scenario 1: Planning Entity Seeking to Identify the Best Areas for Renewable Energy 
Development 

•	 Scenario 2: Project Developer Vetting Site Alternatives 

•	 Scenario 3: Agency Lead Evaluating Alternatives 

• Scenario 4: Agency Evaluating a Permit Application
 

Each of the scenarios provides information to answer the following questions:
 

•	 Who is using BASS in this scenario? 

•	 What is the area of interest? 

•	 What question(s) are they asking? 

•	 How is BASS used within this scenario? 

•	 What is the useful output for this process? 

These scenarios are designed to provide a clear vision of various BASS tool users and their needs and 
to identify the actual decision-making contexts where the BASS tool may be utilized. 

Data management 
The BASS tool facilitates marine renewable energy spatial siting decisions using two types of data: 
predefined scientific data and stakeholder input. This section defines these types of data and explains 
how they inform BASS tool functionality. 

EVALUATION OF SCIENTIFIC INPUT 

This section briefly defines and describes the scientific measures modeled in the BASS tool: 

•	 Cetacean support 

•	 Coastal resilience 

•	 Crustacean support 

•	 Commercial fishing support 

•	 Groundfish support 

•	 Kelp support 

•	 Pinniped support 

•	 Non-consumptive recreation support 

•	 Viewshed support 

•	 Three categories of wave energy device suitability: 

 Coastal wave energy device suitability 
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 Mid-depth wave energy device suitability 

 Offshore wave energy device suitability 

EVALUATION OF STAKEHOLDER INPUT 

This section defines the process of obtaining and integrating stakeholder input into the BASS tool. 
Stakeholder input occurs in two phases, or with two constituent groups: 1) Assessing Agency Values 
and Preferences, and 2) Assessing the Values and Preferences of External Stakeholders. The methods 
for obtaining values and preferences in each of these constituencies are unique to the defined user 
scenarios. 

ASSESSING AGENCY VALUES AND PREFERENCES 

Mission-driven organizations have specific charges that reflect the values and preferences used to 
inform CMSP decisions. 

ASSESSING THE VALUES AND PREFERENCES OF EXTERNAL STAKEHOLDERS 

The stakeholder outreach approach needs to be carefully tailored to the type of decision being made, 
the nature of the stakeholder community, and the desired objective of the stakeholder outreach. For 
example, if the decision maker is seeking to use the process to improve consensus amongst 
stakeholders, then a workshop format would be most suitable. However, where the decision maker is 
merely seeking to obtain or document stakeholder perspectives, using a remote engagement 
strategy may be warranted. Likewise, if a large number of stakeholders are being engaged, then 
remote surveys may be necessary. 

The BASS tool is set up to allow for and support a variety of stakeholder data collection approaches, 
including remote engagement. However, it is important to state at the outset that remote 
stakeholder data collection should not be used without some form of prior engagement with the 
stakeholder or active participation in the survey process. Some examples include: 

•	 Provide a brief introduction to the system and the nature of the questions prior to sending 
the survey to the stakeholder 

•	 Send the stakeholder survey, but arrange to be on the phone with the stakeholder to walk 
them through the process and answer any questions 

Stakeholders that have been through the process previously (we anticipate that representatives of 
interest groups could be frequent participants), should be able to complete the process with no 
additional guidance beyond that provided in the email. 

The BASS tool is designed to support a remote stakeholder engagement approach. The “Invite 
Stakeholders” page allows the decision manager to send an email to selected stakeholders. If the 
decision manager chooses to use a remote engagement strategy with a stakeholder, then the email 
should include clear instructions that, at a minimum, include the following information: 

•	 A concise statement of the context of the decision being made—what is the issue being 
decided, what parties are involved, and why is it relevant to the stakeholder (e.g., it is 
happening in their community, they represent an interest group that could be affected by 
the decision). 

•	 A clear statement of what is being asked of them—depending on the nature of the outreach, 
that could be attending a workshop or other interactive event. For remote engagement, that 
will most likely be taking the time to respond to survey questions (in paper format), 
answering survey questions directly in the BASS tool, or engaging in a phone conversation. 
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•	 Clear directions for what the stakeholder needs to do to respond to the survey. 

•	 If the stakeholder is new to BASS, then instructions should be provided for how to receive an 
orientation to BASS. 

•	 Contact information for someone if they have questions about the process. 

•	 If they are being asked to respond directly in BASS, then a link to access the tool and login 
information should be provided. 

A decision manager can tailor the outreach approach to each stakeholder within the process. The 
decision manager can select specific stakeholders to include in an email that is setting up a remote 
engagement (see Define Stakeholders). If there is another group of stakeholders for whom more 
direct outreach is appropriate, a separate email can be sent to them setting up a live 
engagement. For stakeholders that will be responding directly within the BASS tool, it is also possible 
to ensure that the stakeholders are only responding to questions about issues or locations that are 
relevant to them. For example, if the decision process involves selecting between multiple sites that 
are each associated with a different community, then community members should only be surveyed 
about how they feel about potential effects to their community. However, a representative of an 
interest group that could potentially be affected by selection of any of the sites should be surveyed 
about all sites. 
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2. USING BASS FOR DECISION SUPPORT 

This section provides instructions for using the BASS tool. Figure 1 illustrates the complex 
relationships between databases and tool programming, and the Details column identifies where 
the user provides input. 

The tool addresses three types of users: Issue Managers, Stakeholders, and System Administrators. 
Each of these users has a different reason for accessing the tool, and as a result, the interface and 
prompts are specific to each. The following outline identifies specific information that must be 
provided by the user. For the completed manual these queries will be explained using a combination 
of graphics, screen shots and explanatory text. 
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BASS login and account request 

LOGIN 

Log into BASS at http://alphasite.smartsoftwareinc.com:8080/bass/html/login.jsp or 
http://bass.coas.oregonstate.edu:8080/bass/html/login.jsp. On the login screen enter a user name 
and password. These can be obtained from the administrator. 

REQUEST AN ACCOUNT 

This sends a message to the administrator to request a new account. 

FORGOTTEN PASSWORD 

BASS organization 
Every BASS screen has the same organization. Under the banner is a list of activities. On the left is 
information input and output. The central portion of the screen is an interactive map that shows 
locations and other geospatial information. 
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The activities shown are dependent on the user’s role in the project. Aside from the System 
Administrator role, there two roles for users at the project level: Issue Managers and Stakeholders. For 
each new project there are one or more Issue Managers and zero or more Stakeholders. When BASS 
first opens it assumes you are a Stakeholder until you either choose a project for which you are the 
Issue Manager or you define a new project where you are the Issue Manager. 

If you are a Stakeholder, there are three activities shown in the order in which they generally occur: 
Define Project, Assign Values and Evaluate Measures. 

If you are the Issue Manager, there are seven activities displayed. Three of these activities have sub-
activities as shown in the figure below. The major activities are major headings in the sections below. 
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Select/define project 
When BASS first opens it lists all projects that you are involved in either as an Issue Manager or as a 
Stakeholder. You can either select an existing project or define a new project. If the SELECT EXISTING 
PROJECT area is empty, you are not currently involved in any BASS projects. 

Load existing project
 

Select one of the existing projects and click Load Project.
 
•	 For Stakeholders: 

o	 The activities headings remain unchanged, but 

focus is shifted to Assign Values.
 

o	 The interactive map displays areas of interest
 
associated with the project.
 

•	 For Issue Managers: 
o	 The activities area switches to the Issue Manager 

long version as shown on page 6 with the focus on the second activity Select 
Location. 

o	 The interactive map displays areas of interest associated with the project. 
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Delete, copy or edit existing project 
To delete, copy or edit an existing project, select the project and then the desired action. Copy asks 
for a new name and all information for the project is copied to the new name. The new project is 
independent of the original project for editing, location change and evaluation. Editing opens the 
original project as described in the next section. 

Define new project 
To define a new project: 

1.	 Enter a project name. 
2.	 Enter a description. 
3.	 Enter links to documents on the Internet. 
4.	 Choose the conditions for the evaluations. 

The default setting is that all evaluations are for the impact of the 
technology on the locations. However, you may also wish to have the 
initial conditions evaluated so that the change from initial to impacted 
can be studied. Checking Yes only impacts the evaluations made using 
scientific measures, requesting initial evaluation with them. This 
increases computing time, but gives more flexibility on the Results 
page. 

5.	 Choose the Technology Phase. 
6.	 Choose a Renewable Energy Type. 

•	 Each energy type has a predefined list of scientific measures and 
models associated with it 

•	 Initially there are three Renewable Energy Types shown. Only Wave 
Energy has models developed at this time. The remainder are disabled. 

7.	 Click Add Project to save the new project definition. 

February 2013 │283-2818-002 9 



 
 

 

    

  
     

    
  

     
   

   
   

    

  

  
 

  
 

   

   

     
   

     
  

  

   

   
   
  

  
    
     

   

     
  

 
 

    
       

  

BASS User’s Guide 
Bureau of Ocean Energy Management, Regulation and Enforcement 

Select location (Issue Manager only) 
When the Select Location activity is highlighted at the top of the 
screen, the information input and output area shows the selected 
project and energy type in gold at the top. 

For each project there are regions and areas of interest. An area of 
interest is a specific rectangular section defined by its latitude, 
longitude, east-west length and north-south length on the 
interactive map. A region is composed of a set of areas of interest. 
The management of areas of interest will be described first. 

AREAS OF INTEREST MANAGEMENT 

The areas of interest for the chosen project are listed in the 
Information Input and Out area of BASS and shown on the 
Interactive Map. The check boxes next to each area supports four 
operations. 

SAVE AS NEW REGION 

To define a new Region: 

1.	 Select Areas of Interest to be included in the region 
2.	 Select Save as New Region. 
3.	 Enter the name of the new region. 
4. Click Save.
 

DEFINE A NEW AREA OF INTEREST
 

To define a new area of interest:
 

1.	 Click Define New Area of Interest. 
2.	 A banner appears on the interactive map that says, Click on 

the Map to Set the Area’s Top Right Corner and CanceL. The 
map can be dragged by holding down the left mouse button 
while moving the mouse. Let go of the left mouse button when the desired area is displayed. 
Select the top right point with a single mouse click. This location is edited in the next step. 

3.	 The Define Area of Interest window is displayed 
with the latitude and longitude of the top right 
point entered and a default size of 1 km x 1 km. 
These can all be edited and a name given to the 
area. 

4.	 When complete, click Save Area. To cancel, click 
the X in the upper right corner. 

5.	 The new area is added to the Areas of Interest list. 
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EDIT AN AREA OF INTEREST
 

To edit the size, location or name of an area:
 

1.	 Select the area of interest to be edited.
 
2.	 Click Edit Area.
 
3. The Define Area of Interest window is displayed.
 

DELETE AN AREA OF INTEREST
 

To delete one or more areas:
 

1.	 Selct the area of interest to be deleted.
 
2.	 Click Edit Area. 

A confirmation is requested before the deletion. Areas deleted are removed from all regions. 

REGION MANAGEMENT 

A region is a collection of areas of interest. BASS supports making a decision to find the best area of
 
interest in a region. Once areas of interest are defined, regions can be established.
 

NEW REGION
 

To form a new region:
 

1.	 Select the areas of interest to be included in the new region. 
2.	 Click New Region. 
3.	 Give the region a name. 
4. Click Save. 

EDIT REGION 

Edit Region only permits changing the region’s name. 

DELETE REGION 

Not included in Version 1.0. 

LOAD REGION 

To activate a region it must be loaded. If there are new or changed areas of interest, a message will 
appear that says “Changing the region or associated areas will require the scientific measures to be 
recalculated. This may take a few minutes depending on the size of the areas. If you select LOAD 
REGION, BASS moves to the next activity: SCIENTIFIC MEASURES. 
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Scientific measures (Issue Manager only) 
The information input and output area now shows the Selected Project, Renewable Energy Type, 
Selected Region, and Selected Area of Interest. For each renewable energy type, there is a set of 
scientific measures for which data and models are available. For each project, a subset of these 
scientific measures can be included. 

SELECT MEASURES 

All scientific measures for the renewable energy type are listed in the Select Measures area. 

To select the desired scientific measures: 

1.	 Select each measure you want to include in the current project. A Select All checkbox is in the 
upper part of the Select Measures area. 

2.	 Click Load Measures.
 

The activity advances to Stakeholders.
 

REQUEST NEW SCIENTIFIC MEASURE 

If a scientific measure is needed that is not listed, there are two options. 

It can be requested using the Request New Measure selection. This sends a message to the BASS 
administrator to collect the needed information and build a new model. This may take some time to 
accomplish. 

Alternatively, a measure for which there is not an immediate scientific model may be included as a 
Stakeholder Measure as described in the next sections. 
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Define stakeholders (Issue Manager only) 
Within the Stakeholder activity there are three sub-activities: Define Stakeholders, Define Measures, 
and Invite Stakeholders. 

Define Stakeholders – In the upper left area of the Define Stakeholders window is a list of potential 
(previous) Stakeholders and Issue Managers. Stakeholders for the current project can be selected 
from this list, new names can be added, or any Stakeholder can be made an Issue Manager. In BASS, 
Stakeholders are asked to evaluate value information. If the Issue Manager wants to assume the role 
of a certain Stakeholder, they define a Proxy. Details on Proxies are also included in this section. 

SELECT STAKEHOLDERS 

To include someone in the POTENTIAL STAKEHOLDERS list in the current project use the →button. To 
remove them from the SELECTED STAKEHOLDERS use the ←button. If you want all included, click 
Select All. 

A person can be added as an Issue Manager. This displays the full set of activities and the ability to 
change any of the information in BASS concerning the currently active project. To select an Issue 
Manager: 

1.	 Select a name from the Potential Stakeholders list. 
2.	 Select the Manager checkbox. 

Click the →button. The name in the Selected Stakeholders list will be appended with (Manager). 

ADD NEW STAKEHOLDER 

If the Stakeholder needed for the roject is not listed in POTENTIAL STAKEHOLDERS, the name can be 
added in the ADD NEW STAKEHOLDER area. 

ADD A PROXY 
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A proxy is used when a manager wants to play the role of a stakeholder without the stakeholder’s 
direct involvement. Proxies are managed and added just like stakeholders. 

DEFINE STAKEHOLDER MEASURES (ISSUE MANAGER ONLY) 

The second subactivity for Stakeholders is to DEFINE STAKEHOLDER MEASURES. 

Stakeholder measures are the parameters through which the members evaluate alternatives. In BASS, 
measures can be either: 

 Qualitative (i.e., subjective) with no numerical targets 

 Quantitative (i.e., objective) with numerical targets 

Advisory measures are measures that are quantitative and have analysis external to BASS. They are 
defined either by a stock list that is included in all scenarios or they are added manually prior to the 
model runs. The intent is that advisory analysis results can be displayed in a sedond portal, not in the 
core of BASS, and then the stakeholders can base their evaluation on these and give input to BASS 
exactly the same as for stakeholder measures. Good examples are job creation and viewshed 
evaluation. 

ADD NEW STAKEHOLDER MEASURE 

To add a new stakeholder measure: 

1.	 For each new measure, click the Add New Stakeholder Measure button. The STAKEHOLDER 
MEASURE window is displayed. This window defaults to TYPE = Qualitative. For Quantitative 
Measures see the next section. If the measure is qualitative, continue. 

2.	 Enter the Name of Measure. This is a text string. Keep it less than 40 characters and use 
description and links for detailed information. 

3.	 Leave the type of measure; Qualitative. 
4.	 Add a description of what constitutes good 

measure satisfaction and poor measure 
satisfaction in the Comment area. 

5.	 Click Save. 

TO ADD A NEW QUANTITATIVE STAKEHOLDER 
MEASURE 

Quantitative measures can be one of three types: 
Less is Better, More is Better, Specific Target Best. 
Each of these types allows input of specific values 
that are used as targets (delighted values) and 
thresholds (disgusted values). Details of each 
follow: 
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1.	 Enter the feature measured by the measure. This is a text string. Keep it less than 40 characters 
and use comments and links for detailed information. 

2.	 Select the type of measure, Less is Better, More is Better or Specific Target Best, by left clicking 
the appropriate radio button. 

3.	 Input units. This is a text string. Keep it less than 10 characters and use comments and links for 
detailed information. 

4.	 Ender Delighted and Disgusted values: 

If the type is Less is Better: 

•	 Input the value of the target that, if an area of interest’s evaluation was equal to or less than 
this value, you would be delighted. 

•	 Input the value of the target that, if an area of interest’s evaluation was equal to or more than 
this value, you would be disgusted. Disgusted must be greater than Delighted. 

If the type is More is Better: 

•	 Input the value of the target that, if an area of interest’s evaluation was equal to or more than 
this value, you would be delighted. 

•	 Input the value of the target that, if an area of interest’s evaluation was equal to or less than 
this value, you would be disgusted. Disgusted must be less than Delighted. 

If the type is Specific Target is Best: 

•	 Input the value of the target that, if an area of interest’s evaluation was equal to this value, 
you would be delighted. 

•	 Input the value of the target on either side of the target that, if an area of interest’s evaluation 
was beyond this value, you would be disgusted. Disgusted can be greater or less than 
Delighted as this type of target is symmetric. 

5. Add a description of the measure in the Comment area.
 

EDIT A MEASURE
 

To edit a measure:
 

1.	 Select Edit for the measure. 

2.	 Edit the text in the window.
 
3. Click Save.
 

DELETE A NEW MEASURE
 

To delete a measure:
 

1.	 Select Delete for the measure.
 
2. Confirm the selection.
 

ADVISORY MEASURES
 

None are set or editable in Version 1.0.
 

MOVE TO NEXT ACTIVITY 

To move to another activity either select LOAD MEASURES or select another activity from the 
Activities bar. Load Measures takes you to Invite Stakeholders. 

INVITE STAKEHOLDERS (ISSUE MANAGER ONLY) 
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Stakeholders can be invited to contribute to the evaluation of areas of interest. The invitation process 
is described below: 

•	 The invitation is defined on the INVITE STAKEHOLDERS page 

 Specific Stakeholders to be invited are selected 

 The Stakeholder Measures to be evaluated are selected 

 The Areas of Interest for evaluation are selected 

 A response date can be entered 

 Evaluation Format (see Evaluation Section for details) 

 A Message or Comments can be entered. 

•	 When an invitation is defined, click Send Invites and an email is sent with a link to a web 
page for collecting the needed information. To preview the email before it is sent, click 
Preview Email. 

•	 Any number of different invitations can be sent. For example you may want Stakeholder A to 
evaluate area 1 versus measure C and want Stakeholder B to evaluate areas 1 and 2 versus 
measures C and D. Invitations for each of these can be sent separately. 

•	 When done click Continue to go to the next Activity—Evaluation. 
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Evaluation 
Evaluation has two sub-activities: Assigning Values and Evaluating Measures. 

EVALUATION: VIEW/ASSIGN VALUES (ISSUE MANAGER AND STAKEHOLDER) 

Values are a reflection of the stakeholder’s viewpoint about which measures are most important. 
Stakeholders bringing different values to the evaluation add richness to the analysis as is discussed in 
the Results Section. 

It is assumed that if an area of interest is weak in one measure, it may be compensated for or traded-
off by strength in another—measure satisfaction is combined in an "or" fashion. In this case, the value 
assigned by each Stakeholder is used to proportionally scale the influence of each measure, and 
these are added together. Thus, total satisfaction is a weighted sum of all the measure satisfactions as 
is common in most decision-support tools. 

There are two “modes” for setting the measure values in BASS: Sum and Ranking. 

Sum – The values always sum to 1.0. If one value is increased, all the others decrease proportionally. 
(default) 

1.	 Select the Sum button. 
2.	 Select a specific stakeholder (only those not grayed out are available). 
3.	 Click and drag the slider to be changed. 

Note that raising the value of one weighting will proportionally diminish the others to maintain a 
total weighting of 1.0 (with some round-off error possible). 

4.	 Click Save when you are finished setting weights. 

Ranking – The values are set based on the order of the values. 

Using rank to set the values only requires that the most important measure be moved to the top of 
the list and all others ordered in descending importance. Then the weighting values are 
automatically set based on the number of measures and their order. 

1.	 Select the Ranking button. 
2.	 Click and drag a slider to change its rank relative to the other measures. Measure can be dragged 

vertically in any order and at any time. 
3.	 Click Save when you are finished ranking. 
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EVALUATION: EVALUATE MEASURES (ISSUE MANAGER ONLY) 

There are two evaluation formats. The first uses Belief Maps and the second uses Sliders. The page 
loads with Belief Maps as the default format, but selecting Use Slider Evaluation just under the 
evaluator’s name will bring up the alternative input option (see Slider Format Evaluation). This 
section first describes the Belief Map format. 

The belief map provides a means for entering/displaying evaluation results in terms of knowledge, 
certainty, satisfaction and belief. Belief maps are a tool for an individual or a team to ascertain the 
status of an alternative’s ability to meet a criterion; to visualize the change resulting from analysis, 
experimentation, or other knowledge increase or uncertainty decrease; and to compare the 
evaluations made by the team members. 

Each point on the belief map is color coded to match the alternatives in Area B and numbered to 
match the criteria in Area C. 

For qualitative evaluations the horizontal axis is referred to as knowledge as the evaluator’s 
knowledge is the basis of the assessment. For quantitative evaluations (see next section) this axis 
represents the certainty of the information. These two terms are interchangeable as high knowledge 
implies higher certainty, and both are displayed on the axis. 

PLACE OR MOVE A POINT ON A BELIEF MAP 

To place or move a point on a belief map: 

1.	 Select an alternative, a criterion and member’s name from the appropriate list. The entry on the 
belief map will be for the member’s evaluation of the feature of the alternative (point color) 
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measured by the criterion (number in criterion). The point on the belief map that represents the 
selected evaluation will appear larger than the other points on the map. 

2.	 Determine the member’s certainty or knowledge about the characteristic of the alternative 
measured by the criterion. If the member knows everything about this characteristic of the 
alternative (is certain about her evaluation), then knowledge is very high. If the evaluation is only 
a guess, then she is uncertain, and knowledge is very low. 

3.	 Determine the member’s satisfaction in the alternative’s ability to meet the unstated target 
implied by the criterion. If the member believes that the alternative fully meets the target of this 
measure, then satisfaction is very high. If the member is sure the alternative cannot meet the 
target, then satisfaction is very low. 

4.	 Place the cursor over the location on the belief map that represents the certainty or knowledge 
and criteria satisfaction and click to place the point. You can also drag the selected point on the 
belief map. 

Note that initially points are automatically placed at very low certainty and medium satisfaction 
(on the left side mid-way up the grid). The point in this location does not affect the analysis. Thus, 
if you know little or do not have strong feelings about whether or not the alternative meets the 
criterion leave the point in its default position, do nothing. 

SLIDER FORMAT EVALUATION 

An alternative to the belief map input format is the use of sliders. While they are simpler to use, you 
can only see one evaluation at a time, not relative to the others. This makes the relative evaluation of 
multiple locations or measures (a common approach used by people) more difficult. 
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Results (Issue Manager Only) 
The real strength of BASS is in seeing results. A typical Results page is shown below where the levels 
of satisfaction are shown next to each of the locations on the interactive map. You can determine 
which results are shown as described below. 

SELECT VIEWPOINT 

The satisfaction of each location relative to the scientific and stakeholder measures is the key output 
of BASS. This result is calculated from many different viewpoints where each is based on some subset 
of the measures and the values input on the View/Assign Values page. Each option (or group of 
options) is: 

•	 Overall Satisfaction: The Results page opens with viewpoint defaulted to Overall 
Satisfaction. This is a combination of the analysis results from all scientific measures, all 
stakeholder inputs and all stakeholder values. This gives a quick summary of the relative 
satisfaction of each location. 

•	 Scientific Measures only – even weighting: The satisfaction values only include the results 
of analysis from the scientific measures all assumed to be equally important. 

•	 Scientific Measures only – Issue Manager weighting: The satisfaction values only include 
the results of analysis from the scientific measures using the values assigned by the Issue 
Manager. 

•	 Team member name: Each Stakeholder and Issue Manager is listed. Selecting any one of 
them will show the analytical results using the selected individual’s values as input on the 
View/Assign Values page. This analysis uses all scientific and stakeholder measures. 

•	 Measure name: Each scientific and stakeholder measure is listed. Selecting any one of them 
will show the analytical results using only the selected measure. 
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SEND FOR CALCULATION 

Below the Select Viewpoint area is the Send For Calculation button. This causes the scientific measure 
analysis to be recalculated which can take a few minutes. The exact time required is dependent on 
the number and size of the areas of interest. In general, the first time the Results page is displayed, 
the results will only be shown for the stakeholder measures and a message will be shown that 
calculations are in process. As soon as the calculations are complete, all the measures are included 
and all the options in Select Viewpoint make sense. If the analysis needs to be rerun for any reason, 
click the Send For Calculation button to reanalyze the information. 

INITIAL OR IMPACTED 

When evaluations have been made for both initial and impacted conditions, the results displayed can 
be controlled as described in the table below. To set the desired information, click the Initial or 
Impacted button and select the option desired. 

Initial 
Condition 

Impacted 
Condition 

What it means What happens in BASS 

1 ■ □ Only the initial satisfaction and 
certainty values will be used. 
This is the default setting. 

Weighting for the measure is applied 
to the initial values and the impacted 
values are ignored. 

2 □ ■ Only the impacted satisfaction 
and certainty values will be used. 

Weighting for the measure is applied 
to the impacted values and the initial 
values are ignored. 

3 ■ ■ The change due to the addition 
of the technology – the impact – 
is wanted. 

The initial condition is subtracted from 
the final condition and the standard 
deviation is the square root of the sum 
of the squares of the two. Weighting 
for the measure applied to these 
calculated values. 

4 ■ ░ No impacted values supplied 
evaluation (grayed-out box, it 
cannot be selected). 

Weighting for the measure is applied 
to the initial values. 

5 ░ ■ No initial values supplied by 
evaluation (grayed-out box, it 
cannot be selected). 

Weighting for the measure is applied 
to the impacted values. 
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SATISFACTION THRESHOLD 

A Satisfaction Threshold slider that ranges from 0.0% to 100% controls the map to only display 
satisfaction above the value chosen. This gives the ability to see good candidates when there are 
many cluttering the map. 

VIEW GRAPH 

Results may be viewed as a bar chart. This is 
accessed by selecting View Graph in the 
upper right corner of the interactive map. An 
example is shown to the right. 
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What next 

This function is run for the top 25 locations.
 

There are three options to define recommended next steps:
 

•	 Next Steps may Run on scientific measures only with even weighting. 

•	 Next Steps may Run on scientific measures with Issue manager weightings. 

•	 Next Steps may Run this on the Stakeholder Measures where there may be a lack of 
consensus. 
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Report (Issue Manager only) 
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3. USING THE BASS DISPLAY PORT 
The BASS Display Port is a web-mapping application preloaded with map layers and map tools 
specifically designed to assist both Issue Managers and Stakeholders during any or all phases of a 
project. Possible uses of the BASS Display Port fall into two broad categories: 

• Assisting an Issue Manager with a project setup 

In this situation the display port may be used to examine geographic data relevant to a 
project. For example, an Issue Manager or agency team may want to examine maritime 
boundaries, shipping lanes, critical habitats or other important location data and information 
prior to selecting sites for analysis in BASS. The display port incorporates web services from 
state and federal entities to support this prescreening. 

Mapping tools for measuring distance and area, extracting coordinate information, and 
saving/printing map layouts are also provided through the display port interface and may be 
used to collect information relevant to project setup. 

Scientific model attributes (inputs) as well as results (map outputs) are also available through 
the display port. Modifying any services or map layers is possible and is explained in more 
detail in the Administrator’s Guide. 

• Assisting a Stakeholder during the BASS stakeholder data collection phase 

In addition to the preloaded web services from the BOEM MMC and the NOAA CMSP 
programs, the BASS team has preloaded all BASS scientific model attributes (inputs) and BASS 
scientific model results to the display port. Therefore, any of these map layers is available to 
better inform stakeholder data collection. 

Accessing the Display Port: URL 
The display port is accessed at http://hornet.coas.oregonstate.edu/bass/ and requires that the user 
enable MS Silverlight for their web browser. (The above will change to http://bass
viewer.coas.oregonstate.edu/bass) before project completion. 

Display Port Layout 
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TOOLS 

PAN AND ZOOM 

To pan the map view simply select the “Hand” in the upper right of the display, left click, hold, and 
drag anywhere in the map. Optionally use the Pan tools in the upper left region of the display. Zoom 
with the mouse scroll wheel or the with the graduated zoom tool. 
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VIEWPORT DATA TOOLBAR
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TABLE OF CONTENTS 

The Table of Contents (TOC) organizes map services originating from the BASS tool as well as from 
data providers external to BASS, such as the BOEM Multipurpose Marine Cadastre and the NOAA 
CMSP Registry. The TOC also controls layer visibility and transparency of map layers from each 
service. 

Expand a group of layers to explore the collection by clicking on the small arrows to the left of the 
group. Toggle layer or group visibility by placing a check in the box. Use the transparency slider bar 
to adjust the transparency of the group (and reveal layers below). 
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BOOKMARKS
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MEASURE
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COORDINATES (YAQUINA HEAD)
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PRINT
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OVERVIEW MAP
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EXTRACTING MODEL INPUTS/OUTPUT 

Geospatial format BASS scientific model inputs and outputs are available for download from a web-
accessible folder on the BASS server at OSU. The URL to download digital model attributes or outputs 
in ESRI formats is: 

http://bass.coas.oregonstate.edu/geospatial/ 

An archive of attributes and outputs in ESRI personal geodatabase format will be maintained at the 
above address for desktop users. 

BASS WEB SERVICES 

The BASS Display Port contains three main web services that originate from within the BASS project. 
These services are provided by an ArcGIS Server 10.1 instance on the physical BASS server at CEOAS. 
Users may find it useful to access the services through their ArcGIS REST Service URL. Web map 
services such as these may be added directly to desktop GIS clients such as ArcGIS or even used for 
custom mash-ups. 

BASS Model Attribute Service: A map service containing all BASS model input data layers. 

http://hornet.coas.oregonstate.edu/arcgis/rest/services/BASS_Inputs/MapServer 

BASS Model Output Service: A map service containing all BASS model output data layers. 

http://hornet.coas.oregonstate.edu/arcgis/rest/services/BASS_Science/MapServer 

BASS Overlay Service: A map service containing advisory data layers intended to provide additional 
spatial and management context for the Issue Manager and or Stakeholder. 

http://hornet.coas.oregonstate.edu/arcgis/rest/services/BASS_Overlays/MapServer 

EXTERNAL WEB SERVICE 

The BASS team has preloaded two relevant federal web mapping services available publically 
containing map layers useful for marine spatial planning and siting purposes. 

NOAA CMSP 

http://egisws02.nos.noaa.gov/cmspgisdataregistry/ 

BOEM MMC 

http://marinecadastre.gov/MMC%20Pages/partnerships.aspx 
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1. OVERVIEW 

Architecture 
Accord Enterprise is a client/server application. The server portion is the Accord Server. The server 
application runs on one computer within the local area network. The client application is Accord 
Client. Users retrieve the Accord Client application from the Accord Server. 

Administrators can perform the following actions: 

• Install the Accord Server 

• Configure the server to use Secure Socket Layer (SSL) for communication 

• Change the Accord Administrator’s email address and/or password 

• Change the owner of an Issue 

• Change the email address of a User 

• Monitor use 

2. INSTALLATION 
This section describes how to install Accord Server. 

Minimum server system requirements 

• Local intranet connection 

• Administrator/root access 

• Java Runtime Environment 1.5.0+ 

• RAM: 128 MB 

• Processor: Pentium 500 MHZ 

• Disk Space: 60 MB 

• Operating System: Windows (2000, XP, 2003 Server), Other 

Configure in a non-Windows environment 
Accord Enterprise is a Java-based web application. It comes bundled with the Jetty 
(www.mortbay.org) web server and servlet container (V5.1.1). Since Accord Enterprise is Java-based 
and since it is mostly a servlet, Accord Enterprise can run on non-Windows platforms and with non-
Jetty servlet containers. However, as of version 2.4, Accord Enterprise is only distributed using a 
Windows installer. You must first install it in Windows before copying files to a non-Windows 
computer. 

If you want to use a web server other than Jetty or a different servlet container, such as Tomcat, then 
you will still need to install Accord Enterprise in Windows and have Accord Enterprise set up the Jetty 
web server. Once the application is installed, you can use the Accord Server Configurator to assist 
with a different configuration. Please see the Section 3 (Accord Server Configurator) for details on 
using other web servers and servlet containers. 
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Install Accord Server 
The installation of the Accord Server will do the following: 

•	 Collect configuration information. 

•	 Extract the appropriate files. 

•	 Configure the files for installation. 

•	 Install the Accord Server as a service. 

REQUIRED INSTALLATION INFORMATION
 

The installation application will collect the following information:
 

•	 Registration name and code – You received a 20-digit alphanumeric number when you 
purchased Accord Enterprise. Please enter it exactly as you received it. 

•	 Installation directory – You can decide where you want Accord Enterprise installed. With V2.4, 
this must be on in a Windows environment. 

•	 Port – A number that tells other computers how to find the Accord service once they have 
contacted the host computer. This should be 80 unless you are running another web service. 

•	 Database type –There are two choices: 

 Default database – The default database is a pure Java database called HSQLDB. This type 
of database requires the least amount of administrative action. However, it does require 
that the database be stored on the same computer as the application. 

 SQL Server – This option allows the administrator to install the Accord Server such that it 
uses SQL Server 2000 or 2005 as its database. If you chose this option, decide whether 
you want the Accord Server to create the database or if you want to create it yourself. If 
you want to create it yourself, then you have two options: 

1.	 Contact Robust Decisions (RDI) to get the database creation script, or 
2.	 Wait until the installer warns you that it is about to make changes to the database. At 

this point, the installer will have extracted the installation files and placed them into 
the installation directory. The database creation script can then be found at: 

<install directory>/AccordDatabaseCreationForSqlServer.sql 

•	 Database server – (SQL Server Only) – This is the path to the database server. For example, 
//localhost. 

•	 Database name – (SQL Server Only) – This is the name of the database. If the database does 
not exist, the Accord Server will attempt to create it. 

•	 Database user name – (SQL Server Only) – This is the name of the user to associate with the 
Accord Server application when it is accessing the database. That is, there is one database 
user for all database access. Accord will keep track of changes made by its users. 

•	 Database password – (SQL Server Only) – This is the password for the user name indicated 
above. 

•	 Email address – The email address for the Accord Administrator. This email address may be 
used by the Accord Server to send information to the administrator about different events. 
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•	 Password – The password required is for the Accord Administration Interface. Through this 
interface, the administrator has access to all of the issues used in Accord. 

•	 SMTP ServerName – The name of the SMTP server that the Accord Server will send email 
through. 

•	 SMTPPor t– The port number to use when communicating with the SMTP server. 

•	 SMTP Authentication – Whether or not the SMTP server requires authentication. 

•	 SMTP User Name – The user name to use when logging into the SMTP server. It is only
 
needed if the SMTP server requires authentication.
 

•	 SMTP Password – The password associated with the user name and used when logging into 
the SMTP server. It is only needed if the SMTP server requires authentication. 

Once the files have been extracted and modified for your specific installation, the installer will install 
the Accord Server as a service. This is done so that the Accord Server will always be available. Making 
it a service allows the computer to be rebooted and different users to log on without the 
administrator worrying about whether or not the Accord Server is running. 

UNINSTALL 

ON WINDOWS 

1.	 Go to Start > Control Panel > Add/Remove Programs. 

2.	 Select Accord Enterprise. 

3. Select Change/Remove.
 

The Windows uninstaller will not remove the installation directory or the database.
 

Upgrade the Accord Server 
To upgrade from one version of Accord Server to another, the user must follow the following steps 
(Windows): 

1.	 Open Windows Explorer and navigate to the Accord Server installation directory. 

2.	 Double-click on the file remove_service.bat. 

3.	 Make a backup copy of the Accord Database directory. 

4.	 Follow the instructions in the Uninstall section above to remove the current version. 

This will leave the installation directory with the Accord Database and the AccordJvm150
 
directory. If you have the AccordJvm150 directory, you can now delete it.
 

5.	 Install the new version of Accord Server into the installation directory where the old version was 
located. 

Installing the new version will automatically upgrade the database for the new version. Please 
note, the database is not backward compatible. 

NON-WINDOWS 

If you are using the Accord Enterprise on a non-Windows computer, the main thing to remember is 
that the database contains all of you important data and that Accord will automatically upgrade your 
database to the newest version. 
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3. ACCORD SERVER CONFIGURATOR
 
The Accord Server Configurator (ASC)allows you to configure the application. There can be numerous 
files that need to be modified in order to configure the Accord Server for different situations. This tool 
attempts to automate that process for most situations. 

Use the ASC to help with changing items such as: 

• How the database is configured 

• How Accord and the web server are configured 

• The context name used for the application 

• Which communication protocol is used (HTTP or HTTPS) 

The ASC was developed to modify the following files (all paths are relative to the installation 
directory). 

Short Name Location Description 

Accord.jnlp 

AccordJettyConfig.xml 

accord_server_keystore.jks 

accord_client_truststore.jks 

isapi_redirect.properties 

uriworkermap.properties 

workers.properties 

security.jar 

web.xml 

webapps/accord 

jetty 

config 

config 

isapi 

isapi 

isapi 

webapps/accord/
client_lib 

webapps/accord/
WEB-INF 

This file is used by Java Web Start running 
on the client computer to download and 
start the Accord Thick Client application. 
This file needs to know the URL to use 
when talking to the web server. 

This file is a configuration file used by the 
Jetty Web Server. 

This file is generated by the ASC when you 
are configuring Jetty and Accord to use 
HTTPS for communication. The 
AccordJettyConfig.xml file needs to point 
to this file so the Jetty web server can get 
the certificate. 

This file is generated by the ASC when you 
are configuring Accord to use HTTPS for 
communication. This file is placed in the 
security.jar file for use by the Accord Thick 
Client. This allows the Accord Thick Client 
to validate who it is talking to. 

(IIS Only) This file is used to configure the 
isapi_redirect.dll. 

(IIS Only) This file is used to configure the 
isapi_redirect.dll. 

(IIS Only) This file is used to configure the 
isapi_redirect.dll. 

This file is downloaded via Java Web Start 
by end users. The Accord Thick Client gets 
the truststore out of the file to verify it is 
talking to the correct server. This cannot 
be modified by hand. 

This file is part of the Java Servlet 
specification. The file defines how the 
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servlet/application is configured. This file 
contains things such as database 
configuration, extra feature keys, etc. 

To run the ASC, run the following batch file: 

<install directory>/config/Run-AccordServerConfigurator.bat 

The following sections take you through each of the panels of the ASC wizard. These sections will 
help you to understand what is being asked and what files are being modified. 

Database Configuration Panel 

The Database Configuration panel is used to set the database parameters in the web.xml file. Below is 
a description of the different parameters: 

•	 HSQLDB(Default) – The default database type of Accord is HSQLDB (http://hsqldb.org). 
HSQLDB is a pure Java database and is run in an embedded mode; the Accord application is 
responsible for writing to the database and is not a separate database server. 

 Database Name– The Database Name option under HSQLDB defines the directory used 
by Accord for storing the database files. 

NOTE: Changing this value without moving the existing directory will cause you to lose data. 

•	 Microsoft SQL Server – Accord uses the jTDS (http://jtds.sourceforge.net/) JDBC driver for SQL 
Server. This driver supports both SQL Server 2000 and 2005. 

 Database Name – This is the name of the database in SQL Server. 
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 Server Location – The server location tells the driver who to talk to. Typically, this is the 
name of the computer that is running SQL Server. For example, //mycomputer 

 Database User – This is the name of user that will log in to SQL Server when it needs to 
access Accord’s database. This implies that the application will only need one SQL Server 
user account. At a minimum, this user account needs the ability to read and write to the 
tables in the database. If you give this user database creation rights, then Accord can 
create the database automatically. If you do not want to give this account that much 
freedom, one must use the following file to create the database: 

<install directory>/AccordDatabaseCreationForSqlServer.sql 

 Database Password – This password is associated the user that logs into SQL Server. 
Please be aware that this password will be stored in the web.xml file in plain text. 

Choose Server Type Panel 

The Choose Server Type panel allows you to modify the appropriate files depending on your 
selection. This is useful if you don’t like editing server files and to help with the coordination of all the 
different files. You have the following options: 

•	 Jetty (Default) – Accord comes bundled with the Jetty (www.mortbay.org) web server and 
servlet container (a pure Java web server). Selecting this option uses Jetty for both purposes. 

•	 Microsoft Internet Information Service (IIS) – This selects Microsoft’s web server as the main 
web server end users will interact with. This is a great option for companies that want to 
restrict access to different parts of their infrastructure. (NOTE: This requires using Jetty as a 
servlet container.) Please see the IIS Installation Appendix at the end of manual for more 
information. 

•	 Other Servlet Container – For those administrators that want to use Accord with a different 
web server and servlet container (i.e., Tomcat or Web Logic). This option requires the fewest 
file modifications, but it is still useful to use the ASC. Please see the Other Servlet Container 
Installation Appendix at the end of manual for more information. 
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Application Context Panel 
The option in the Application Context panel depend on the server you chose on the Choose Server 
Type panel. All three versions share the Context parameter. 

•	 Context – The name of an instance of Accord. End users use this name when connecting with 
the Accord Server. For example: 

http://hostname:port/context or http://mycomputer:8010/Accord 

The configurator does NOT change the directory name associated with the application. That 
is, the directory : 

<install directory>/webapps/accord 

will not be changed. In fact, the configurator assumes the path exists. There are some servlet 
containers that do not let you use a different context name from the name of the directory. 

The following are the different versions: 

JETTY 

•	 Port Number – The port number the Jetty web server uses to listen for requests. The default 
number for this is 80 for HTTP and 443 for HTTPS. If you use these numbers, then users will 
not need to specify a port number in their URL. 

IIS 
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In order to use IIS, use redirect calls from IIS to the Jetty servlet container. The parameters tell the 
ISAPI Redirector where to send messages. 

•	 Hostname – This is the hostname or IP address of the computer that Jetty is running on. 
Typically, this is the machine where you are running the configurator. 

•	 Port Number – This is the port number the ISAPI Redirector and Jetty will use to
 
communicate.
 

OTHER SERVLET CONTAINER 

Even if you are using a different web server and servlet container, the ASC needs the context so it can 
configure files such as Accord.jnlp with details on how end users are to contact the server. 
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Choose HTTP or HTTPS Panel 

The following lists pros and cons of the different communication types: 

• HTTP 
Pros 

Easy to set up. 

End users do not receive warnings. 

All data (including passwords) are 
sent across the network as plain text. 

Hackers can intercept sensitive data. 

Easy to manage. 

• HTTPS (SSL) 
Pros Cons 

All data sent across the network is 
encrypted. 

Clients are ensured that they are 
communicating with a valid/known 
server. 

Cons 

Users may receive browser warnings 
about going to a secure connection. 

Users may receive warnings about 
the certificate if it has not been 
signed by a certificate authority, and 
if the information appears invalid for 
the server. 

Administrator must do more work to 
manage the certificate. 

Certificates expire. 

Certificates signed by a certificate 
authority (i.e., VeriSign) can cost 
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money. 

Certificates belong to a specific 
computer so moving Accord will 
require a new certificate. 

Select Type of Certificate Panel (Jetty Only) 

If you choose HTTPS for secure communication, then you need to choose the type of certificate you 
want to create. 

• Certificate Authority 
Pros Cons 

Users receive minimal warnings 
about communicating with the 
server. 

Signing a certificate with an 
authority usually costs money 
(maybe $400/year). 

Provides extra security that 
certificate is valid. 

Getting a signed certificate can take 
several days. (You can start using 
Accord with a self-signed certificate 
while you are waiting.) 

• Self-Signed 
Pros Cons 

Free – it does not cost money to 
generate a self-signed certificate. 

Users may receive warnings that the 
certificate has not been signed by a 
trusted authority. 

Data is encrypted just like when the 
certificate is signed by the certificate 
authority. 

Hackers can potentially create 
certificates that appear to give the 
same information, so it is possible 
that users could communicate with 
an invalid server. 

March 2013 │283-2818-002 10 



 
 

 

    

 

 

 
     

 

 

 

 

 

BASS Administrator’s Guide 
Bureau of Ocean Energy Management, Regulation and Enforcement 

Password Entry Panel (Jetty Only) 

The password dialog is used to get the passwords for the keystore. The ASC uses the same password 
for both the key and store. 
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Server/Company Info Panel (Jetty Only) 

•	 Common Name – When creating SSL certificates, this field should be the base part of the URL 
used to communicate with the server: the name that appears in the URL when talking to the 
Accord Server—http://Server Name:Port/Accord. If the entered name is not the name in the 
URL, end users will get warnings about the the server not being the one identified in the 
certificate. 

•	 Org Unit Name – Name of the department or unit in the organization that is hosting the 
server. 

•	 Organization – Company's or group's legal name. If you are going to apply for a signed 
certificate, it is likely your certificate authority will require that this field contains your 
company's legal name. 

•	 City – City where the server is located. 

•	 State – State where the server is located. 

•	 Country – Country where the server is located. This must be your country's two digit code, i.e., 
United States = US. digicert.com has a list of country codes. 
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Certificate Authority Panel (Jetty Only) 

If you want to use a certificate that has been signed by a certificate authority, send a certificate 
signing request (CSR) to the certificate authority. The authority will use the information in the request 
to generate a signed certificate. 

NOTE: A CSR is a message from an applicant to a certificate authority to apply for a digital identity 
certificate. 

SEND THE CSR 

Send the text from the ASC as is. If your certificate authority requires you to enter the CSR into a web 
page, select the text in the ASC dialog and copy and paste it into the certificate authority's web page. 
If you need to send it in an email, we recommended you use the ASC to generate the file. You cannot 
use an application such as MS Word to contain the certificate because it will add invalid characters. 

As shown above, that the certificate has beginning and ending tags. 

-----BEGIN CERTIFICATE REQUEST-----

-----END CERTIFICATE REQUEST-----

These tags must be part of the text sent to the certificate authority. The certificate will not be valid if 
they are absent. 

CERTIFICATE AUTHORITIES 

A certificate authority is known for signing certificates. Typically, these companies have certificates 
that come as part of the user's computer operating system. This allows your browser to identify the 
entity that signed the certificate and is why a self-signed certificate is considered to be signed by an 
unknown entity. 
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When visiting a certificate authority's web site, look for an secure socket layer (SSL) certificate. An SSL 
certificate is used with the HTTP protocol to establish a secure communication known as HTTPS. 

Below is a list of certificate authorities. 

• http://www.verisign.com/ 

• http://www.thawte.com/ 

• http://www.digicert.com/ 

• http://www.xramp.com/ 

We do not take responsibility for the certificate authority chosen. The authorities listed here are only 
for your information. It is up to the administrator to select an authority that meets the company's 
needs. 

Add Signed Certificate Panel (Jetty Only) 

When the certificate authority sends the signed certificate, re-run the ASC. After entering your 
password, paste the signed certificate text into the application. 

If the authority sent the certificate in the text of the email, copy and paste it into this dialog box. If the 
certificate was sent as an attachment, open the attachment with a text editor. You cannot use an 
application such as MS Word because it will add invalid characters to the text. 

Uou must include the certificates beginning and ending tags. 

-----BEGIN CERTIFICATE-----

-----END CERTIFICATE-----

The application will complain if these tags are missing or are not the first last characters of the text. 
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Configure Truststore Panel (IIS or Other) 

A truststore is a keystore that contains trusted certificates. The ASC needs to create a truststore for 
the Accord Thick Client. The Accord Thick Client uses this certificate in the truststore to validate the 
server it is talking to. The ASC will place the truststore in the security.jar file for download by the 
client. 

•	 Server Certificate File – Path to the Java keystore. This format is also known as JKS and Base
64 encoded X.509. 

•	 Store Password – Password for the file. 

•	 Key Password – Password for the key associated with the alias. 

•	 Alias – Name of the key. 
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Set Base Location Panel 

The base location is the full URL that end users use to contact the Accord Server. It is important this 
URL takes into account the following attributes: 

•	 Protocol – HTTP or HTTPS. This depends on the web server configuration. 

•	 Hostname –Host name or IP address exposed to end users. This may be the name of the web 
server or it may be an IP address of a router that is forwarding requests to a web server. 

•	 Port Number – Port number end users need to use to for the web server. 

•	 Context – Name of the Accord application or instance of one. 

This value is placed in two files: 

web.xml – The value in the web.xml file is sent to end users when they are sent emails. 

Accord.jnlp – The codebase attribute of the <jnlp> element is also set to this value. 
Java Web Start and the Accord Thick Client use this value when contacting the Accord Server. 
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Configuration Summary Panel 

This panel allows you to verify the data and the selected procedure before the configuration change 
is made to Accord. Clicking Next on this panel will cause the ASC to perform the following steps: 

• Stop Accord Server 

• Remove Accord Service 

• Create keystores for server and clients 

• Update the JNLP files 

• Install Accord Service 

• Start Accord Server 

NOTE: If you selected to use a certificate authority, you will see the red text shown on the image 
above. This message lets you know the server will start up using a self-signed certificate. When you 
get the signed certificate, you will need to run the ASC again. 
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Modifying Files (Progress) Panel 

This panel shows ASC’s progress. 

The ASC will always attempt to stop and remove the Accord Server service. There are no problems if it 
is not running. If you selected Jetty or IIS, the ASC will attempt to install and start Jetty. If it fails to 
start Jetty, please see the FAQ on starting and stopping Jetty. 

Configuration Completion Panel 
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This is the last panel. When you get to this panel, you configuration options should be made and the 
server should be running. If the server is not running, check the bottom of the AccordServerLog
Jetty.html file for any messages from the server. 

NOTE: If you have changed from HTTP to HTTPS or vice versa, you and end users will need to access 
the Accord Server with a different URL. 

Warning Dialogs 
This section describes some of the warning dialogs an end user might see from Internet Explorer or 
from Java Web Start (Accord Client). 

INTERNET EXPLORER WARNING DIALOGS 

SECURE CONNECTION 

Displayed when a user goes from viewing insecure data over HTTP to viewing data over secure 
HTTPS. 

UNTRUSTED CERTIFICATED ISSUER/SIGNER 

Displayed when the certificate on the Accord Server was not issued/signed by a company that 
Internet Explorer considers to be trusted. Users can add the certificate by selecting the View 
Certificate button. 
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HOSTNAME DOES NOT MATCH 

Displayed when the hostname associated with the certificate does not match the website that the 
page was downloaded from. 

JAVA WEB START / ACCORD CLIENT WARNING DIALOGS 

UNTRUSTED CERTIFICATED ISSUER/SIGNER 

Displayed by Java Web Start (JWS) when the server certificate has not been signed by a trusted 
authority. JWS checks certificates that have been indicated to be trusted by Internet Explorer. 
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HOSTNAME DOES NOT MATCH 

This dialog appears when Java Web Start detects that the server certificate does not have the same 
hostname as the site being accessed. 

Manage Scientific Measures 

ADD A SCIENTIFIC MEASURE
 

To add a scientific measure to be available for reporting:
 

1.	 Select the existing value from the OID table and increment it. We recommended this be done in a 
single transaction, as shown in the example: 

begin transaction;
 

select oid from oid;
 

update oid set oid = oid + 1;
 

commit;
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2.	 Execute the following insert statement, replacing the appropriate values in brackets with valid 
values: 

insert into accord_scientific_measures values ([oid], [identifier], 
[name], [type_id], [deleted], [delighted], [disgusted], [delighted2],
[disgusted2], [units], [sci_type], [advisory]); 

•	 oid – the OID value from step 1 

•	 identifier – value to identify measure to OSU Netica code 

•	 name – text to display to users to describe measure 

•	 type_id – ID of the type of criterion from accord_criterion_types (make sure the 
criterion type is one visible in the BASS UI) 

•	 deleted – 0 or 1, a value of 1 hides the measure from selection 

•	 delighted – delighted value 

•	 disgusted – disgusted value 

•	 delighted2 – second delighted value for use with Range criterion type 

•	 disgusted2 – second disgusted value for use with Range criterion type 

•	 units – text description of measure units 

•	 sci_type – the technology type under which this measure is available (eg. Wave Energy) 

•	 advisory – 0 or 1, a value of 1 indicates this is an advisory measure 

DELETE A SCIENTIFIC MEASURE 

DO NOT delete the measure from the accord_scientific_measures table. Update the value 
of the deleted column to 1, instead. 

UPDATE A SCIENTIFIC MEASURE 

Update the appropriate columns to the desired values for that measure, and any changes will be 
immediately reflected on all decisions utilizing those measures. If you do not want to change how the 
results come out for existing decisions, it would be better to add a new measure. 

BASS Web Application Configuration 
The following are descriptions of what variables are expected to be set in web.xml: 

•	 BaseLocation – URL for accessing BASS application. Used in sending out invitation emails 

•	 AccordLocation – URL for accessing Accord to perform evaluations and retrieve results. 

•	 OSURequestUrl – URL for requesting processing of location information from Netica by 
OSU 

•	 OSUResultsUrl – URL for accessing Netica results 

•	 OSUFileLocation – Local path for storing copies of Netica results 

•	 OSUCalculationTimeout – Timeout in hours before a decision that has been sent to 
OSU can be resent in case of calculation failure. 
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4. ADMINISTRATOR’S WEB INTERFACE 
The Accord Server provides web-based interface for performing many tasks such as: 

•	 Monitoring user usage 

•	 Change user passwords 

•	 Changing the owner of an issue 

These actions can be easily performed from any web browser that has access to the Accord Server. 
Directing the browser to: 

http://hostname:port/Accord/Admin 

where: 

•	 hostname is this computer's name on the Internet 

•	 port tells other computers how to find the Accord Server once they have contacted the host 
computer. This should be 80 unless you are running another web service. 

The following sections describe the different web pages of the interface. 

Getting Started 
The Getting Started page provides information needed to get others using Accord. At the bottom of 
the page, it also provides email assistance for sending an email to team members interested in using 
Accord. 

EMAIL INSTALLATION INVITATION 

One way to get team members using Accord is to send them an email with the appropriate URL for 
them to navigate to with their web browser.The Getting Started page provides a link at the bottom of 
the page. Clicking on the link opens your email application with a message similar to the following, 
but the hostname and port will be filled in with the appropriate values for your installation. 

Dear Team Members,
 

Please go to:
 

http://hostname:port/Accord
 

to start using Accord. You will need to press the 'New User...' button on the 

Login Dialog in order to create a User Account.
 

Thanks.
 

Your Accord Administrator
 

Please notice that users are responsible for creating their own account. This is done using the New 
User… button on the Login window. First-time users will need to create an account before they can 
get past this window. 
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INSTALL ACCORD CLIENT
 

When client users click the Accord home link, they are sent to a page where they can:
 

• Install the appropriate Java Runtime Environment, if needed 

• Download and start the Accord Client 

When the client user navigates to the Accord home page, the page will determine if they have the 
required version of the Java Runtime Environment (JRE) installed. If they do not, they will be asked to 
install the JRE provided with this distribution. 

NOTE: If your environment does not allow client users to install applications, the administrator will be 
responsible for installing the latest version of the JRE. 

Once the latest version of the JRE is installed, clicking on the Start Accord link will download and start 
the Accord Client application. Client users can always start the application from this link. 

WINDOWS USERS 

Windows users will find that the second time they start the Accord Client, they will be given an 
opportunity to add shortcuts to their Start Menu and desktop. If they initially do not want the 
shortcuts and decide later that they do want them, they can create them using the main Java Web 
Start application. 

JAVA WEB START 

Java Web Start is a Control Panel for Java applications. However, Java Web Start provides the 
additional feature of supporting remote installations and automatic updates. Please visit 
http://java.sun.com/products/javawebstart/ for more information. 
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Accord Administration Home Page 
This page is the main page of the Accord administration interface. From this page, you can get to all 
of the different pages and see statistics on the use of Accord. 

The statistics shown are as follows: 

•	 Accord Web Server Started – Date and time the server was started. 

•	 Number of Active Sessions – Number of users who are actively using Accord. 

•	 Number of Accord Users – Number of active users who have registered with this Accord 
Server. 

•	 Number of Accord Computers – Number of computers that have downloaded the Accord 
Client application. 

•	 Number of Hours Used – Total number of hours that users have been logged into Accord. 

•	 SMTP Server – Parameters of the SMTP server that the Accord Server will use to send email. 
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Edit Issue Properties Page 
This page allows the administrator to change who the owner of the issue is and whether or not the 
issue is active. 

Every issue must have an owner. The owner of an issue cannot be removed and must have an Access 
Level of either Manager or Facilitator (See the AccordUserHandbook.pdf for more information on 
Access Levels). Since a user must be a member of an issue in order to access the issue, the ability to 
change the owner becomes very important. If the team members of an issue leave the company, 
then you should change the owner in order to get access to the issue via the Accord Client interface. 
Another situation that can arise is when the owner of the issue is the only one with either Manager or 
Facilitator privileges. If this user leaves the company or is not available, change the owner so 
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someone else can have these privileges. 

You can deactivate an issue if it is no longer being used and access to it is no longer required. This is 
helpful to reduce the number of issues that appear in searches and open dialogs. This is also a 
disadvantage. 

Manage Groups Page 
The administrator can create, review or delete groups. An important feature is the ability to import 
CSV files to create new groups. 
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Edit User Account Page 
You can adjust the account of an Accord user. Typically, you will only need to edit a user’s account 
when: 

• The user’s email address changes and they do not remember their password. 

• The user left the company and their account needs to be deactivated. 
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• A user’s account needs to be reactivated. 

• The user wants to change their User Name. 

Other than these situations, users can change settings themselves via the Edit>Change User 
Details… option in the Accord Client. 

The Edit User Account page includes the user Usage Hours and Last Logged In values. These cannot 
be changed. 

Edit Administrator Account Page 
Use this page to: 

• Change your password 

• Change your email address 

It is rare you will need to access this page. 
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User Usage Page 
User names and usage statistics are displayed. Each user is listed with the totals for the current 
month, current year, and total usage in hours. 
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SMTP Server Setup Page 
You can change the SMTP server parameters used by the Accord Server to send email. All email sent 
via Accord is sent by the Accord Server. The Accord Clients do not send email directly. The SMTP 
server selected for use with the Accord Server must be able to email to all addresses of the people 
using the Accord Server. 
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Logout 
Use the Logout link when you are done with administrative tasks. This action sends your browser to 
the Accord Home page. You will need to log back in when you visit the Accord Administration 
interface. 

5. FREQUENTLY ASKED QUESTIONS 

I cannot connect to SQL Server. Is there a way I change the connection string to support my particular 
environment? 

Accord Enterprise uses the jTDS JDBC driver to communicate with SQL Server. The installer 
creates the connection string that the Accord Server will use with the driver and places it in the 
file: 

<install directory>/webapps/accord/WEB-INF/web.xml 

You may notice that the DatabaseUrl does not contain the database name. The application will 
add this by adding, 
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databasename=<your name>; 

to the end of the URL. 

If you need to adjust this connection string, please see http://jtds.sourceforge.net/faq.html for 
more information on the parameters available. 

NOTE: If you make changes to this in the web.xml file, then you will need to be careful when 
using the Accord Server Configurator. It will not keep these additions. Create a backup of the 
web.xml file, run the Accord Server Configurator, and then copy your changes back. 

Can I upgrade my existing database (V2.3 or earlier) to SQL Server? 

It can probably be done with tools like DbVisualizer (http://www.dbvis.com/), but Accord does 
not provide that capability at this time. 

How can I keep my old data (V2.3 or earlier) that is in the HSQLDB and have my new data in SQL 
Server? 

We recommend creating two instances of Accord. That is, one would need to configure their web 
server to have one version of Accord that uses the old database and another that uses the new 
database. 

How do I start/stop the Accord Server? 

Windows 

If you are using the default installation (the Jetty web server), then you can use following two 
batch files: 

<install directory>/install_service.bat – This batch file adds Accord Server as a Windows 
service and then starts the server. 

<install_directory>/remove_service.bat – This batch file stops the server and then removes it 
as an available Windows service. 

Non-Windows 

Please see your web server’s documentation for starting/stopping applications. 

How do I change where the log files are placed and other aspects of logging? 

Accord uses Apache’s Log4j (http://logging.apache.org/log4j/docs/) for its logging mechanism. 
Log4j uses a properties file for specifying different aspects of logging – log4j.properties. 
Unfortunately, Accord has two of these files and which one you edit depends upon your 
configuration. The two files are: 

jetty/log4j.properties – When you are running the default installation (the Jetty web server), the 
file found in the jetty directory is the one that is used. This file will override the other properties 
file. 

webapps/accord/WEB-INF/classes/log4j.properties – When you are not using Jetty and are using 
another servlet container (i.e. Tomcat, Web Logic, etc), this is the properties file to edit. 

This manual will not go into all of the ways to change properties file, but to change the location 
of the log files one just needs to change the following property: 
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log4j.appender.rolling.File
 

The following is a great article on configuring the properties file:
 

Don't Use System.out.println! Use Log4j - http://www.vipan.com/htdocs/log4jhelp.html
 

How do I change the location of the default database (HSQLDB)? 

The location of the database is specified in the file 

<install directory>/webapps/accord/WEB-INF/web.xml 

The XML element named DatabaseName defines the directory that the Accord will look into for 
its database files. By default, Accord creates this directory in whatever is the server’s current
 
working directory.
 

If you do not like where the database is placed, then please follow these steps to change its 

location:
 

1.	 Stop Accord Server 
2.	 Move the existing directory to where you want it to be 
3.	 Edit the web.xml file so Accord knows where to find the directory (You may want to give it a 

full path name instead of a relative path name just to eliminate confusion later on.) 
4.	 Restart Accord Server 

How can I see what is inside my default database (HSQLDB)? 

The first thing is to get a tool that allows you to look at database using JDBC drivers. One of these 
is DbVisualizer (http://www.dbvis.com/). This application will need to know the JDBC driver to use 
for accessing the database. This driver can be found at: 

<install directory>/webapps/accord/WEB-INF/lib/hsqldb.jar 

The second thing you will need to do is to contact RDI for other information in connecting to the 
database. 

How do I install Accord with my existing Jetty web server? 

If you are using Jetty as your web server and just want to add Accord, then you need to follow the 
configuration/installation instructions for Other Servlet Containers. You will still need to add 
Accord to your configuration file as a web application. For an example, you can look at the file: 

<install directory>/jetty/AccordJettyConfig.xml 

Does Accord support “clustering”? 

We have not tested clustering with Accord. It may or may not work. However, if you are 
considering trying clustering, then it is recommended that you do not use HSQLDB as your 
database. We read somewhere that our use of HSQLDB in embedded mode would not allow for 
clustering. 
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6. IIS INSTALLATION APPENDIX 
Accord is packaged so one can easily configure Accord and IIS to work together. These installation 
instructions have been tested on: 

Windows XP Pro with IIS 5 

Windows 2003 Server with IIS 6 

To enable Accord to work with IIS, one must configure IIS to use an ISAPI Filter that redirects 
incoming messages to a servlet container, which is Jetty in our case. Accord comes packaged with 
Apache’s isapi_redirect.dll that uses Apache JServProtocal 1.3 (AJP13) 
(http://tomcat.apache.org/connectors-doc-archive/jk2/common/AJPv13.html). 

AJP13 is not a secure protocol so one cannot protect the communication between Jetty and IIS. 
Hence, please be careful when configuring your environment. 

The instructions are broken into two pieces: HTTP and HTTPS. Before you can setup IIS and Accord to 
use HTTPS, first try it out with just HTTP. You will need to follow the HTTP instructions first anyway. 

HTTP 
1. Run the Accord Server Configurator. 

The first step in configuring Accord to work with IIS is to use the Accord Server Configurator 
(ASC). The ASC will configure all of the files needed to allow isapi_redirect.dll and Jetty to 
communicate. These files include (assume paths are relative to the installation directory): 

jetty/AccordJettyConfig.xml – Configures the server to use AJP13 protocol 

isapi/isapi_redirect.properties – This is read by isapi_redirect.dll to tell it where to find the 
other files, how much information to log, and other configuration parameters. 

isapi/uriworkermap.properties – This is used by the DLL to know what requests should be 
directed at Jetty. It specifies the context used for Accord. 

Isapi/workers.properties – This file tells the DLL what protocol, hostname and port number to 
use so that it can talk to Jetty. 

When ASC is done configuring the files, it will start Jetty listening for requests on the specified 
AJP13 port number. 

2. Open IIS. 

Once ASC has all of the files configured and Jetty ready to go, you are ready to configure IIS. To 
open IIS, go to: 

Start Menu > Control Panel > Administrator Tools > Internet Information Service 
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3. Open the Website Properties Dialog and select ISAPI Filter tab. 
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4. Click the Add... button. 

Specify AccordRedirect for the Filter Name and use the Browse… button to select the 
isapi_redirect.dll file found in the <install directory>/isapi directory. 

5. Click OK when done.
 

The website properties dialog is displayed.
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6. Click OK. 

7. Restart IIS. 

After you have restarted IIS, open the Website Properties dialog again. You should see a green up 
arrow shown below in the Status column. 
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If you do not see the green up arrow, check the configuration to verify everything is correct. First 
check the <install directory>/isapi/iis_redirect.log. If it does not exist, look at the 
isapi_redirect.properties file to make sure the settings look correct. 

8.	 Add Virtual Directory. 

Right-click on your website (i.e., Default Web Site) and select New > Virtual Directory… 

This will bring up the Virtual Directory Creation Wizard: 
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9. Click Next. 

10. Set the Alias field to AccordRedirect and click Next. 
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11. On the Web Site Content Directory window, use the Browse… button to select the directory 

<install directory>/isapi 

12. Click Next. 

13. On the Access Permissions window, click to select 
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Read 

Run scripts 

Execute 

14. Click Next, then Finish. 

15. Test the installation by navigating to the Accord start page, http://hostname/context. 

HTTPS 
(If you have not already followed the instructions for HTTP, please the go to that section first.) 

To use HTTPS on IIS with Accord, one must extract the server certificate so that the ASC can create a
 
truststore for the Accord Thick Client.
 

(Better instructions need to be written for both IIS 5 and 6. Below are some really rough notes I have 

when getting it to work on XP and IIS 5).
 

Configuring IIS for HTTPS
 

NOTE: AccordJettyConfig.xml does not need to be configured for SSL. IIS will handle the server side 

issues. The Accord Client will be communicating with the IIS server for the certificate information.
 

Add Server Certificate
 

Export Certificate (XP & IIS 5)
 

Run > mmc 

Select "File > Add/Remove Snap-in..." 

Press "Add..." 

Select "Certificates" 

Press "Add" 

Select "Computer Account" and press "Next >" 

Select "Local Computer" and press "Finish" 

Close "Add Standalone Snap-in" dialog 

Press "OK" on "Add/Remove Snap-in" dialog 

Select "Personal > Certificates" 

Right-click on certificate 

Select "All Tasks > Export..." to open "Certificate Export Wizard" 

Press "Next >" 

Select "No, do not export the private key" 

Press "Next >" 

Select "Base-64 encoded X.509 (.CER)", also know as PEM format 

Press "Next >" 

Save file in <Accord Installation Directory> 

Press "Next >" 
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Press "Finish" 

Close "Console1" dialog 

Things are different on II6 and Windows 2003 Server 

Update security.jar for the Accord Client 

<Accord Installation Directory>\AccordJvm150\bin\keytool -import 

keystoreaccord_client_truststore -alias accord -file <file name you saved to above> 

7. OTHER SERVLET CONTAINER APPENDIX 
For those of you familiar with Java type applications, Accord Enterprise is a web application on the 
server side. It consists of a single servlet and miscellaneous standalone web pages. As a Java-based 
web application, it can be run in different servlet containers and on different operating systems. 
Below is a list of configurations that Accord has been tested with: 

Servlet Container Web Server Operating System 

Jetty 5.1 Jetty 5.1 Windows XP 

Jetty 5.1 Jetty 5.1 Windows 2003 Server 

Jetty 5.1 IIS 5 Windows XP 

Jetty 5.1 IIS 6 Windows 2003 Server 

Web Logic 9.1 Web Logic 9.1 Windows XP 

Tomcat 5.5 Tomcat 5.5 Windows XP 

Tomcat 5.5 Apache 2.0 Red Hat Enterprise Linux 4 
(Note: Accord Enterprise Version 2.0 to 2.2 used Jetty 4.2.) 

To configure Accord to work with a non-Jetty servlet container or your own Jetty installation, this is 
the configuration for you. The first step is to get things work with HTTP. If you need HTTPS, you can 
follow those instructions once you have completed the HTTP instructions. 

Unfortunately, you will notice that at this time that you must first install Accord on a Windows 
platform before you can install it on a non-Windows platform. You will also note that Accord is not 
distributed a WAR file. This was not done so that we could easily reconfigure the installation. If one is 
familiar with WAR files, one might want to create a WAR file after running the Accord Server 
Configurator. 

HTTP 
1.	 The first step is to use the Accord Server Configurator (ASC) to configure the Accord files for 

Other Servlet Containers and HTTP. The main thing that you need to be aware of when using the 
ASC is the Base Location value. Since the ASC does not know anything about your server 
configuration, you are responsible for providing the ASC with the base URL end users will use to 
access Accord. 

The ASC will configure two files: 

•	 <install directory>/webapps/accord/Accord.jnlp – This is a static file that is downloaded by 
end users so that they can start the Accord Thick Client. This file tells Java Web Start and the 
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Accord Thick Client where to talk to the Accord Server. If the Base Location is not correct, the 
Accord Thick Client will not start. 

•	 <install directory>/webapps/accord/WEB-INF/web.xml – An application specific parameter, 
BaseLocation, is modified in this file and is used by the server when it is configuring URLs for 
end users. This allows the Accord Server to email users a link so that they can get back to the 
Accord Server easily. 

2.	 The second step is to deploy the web application on your servlet container. You will need to refer 
to your container’s specific instructions. However, some example installations are provided 
below: 

TOMCAT 

The following example assumes that you are using Tomcat 5.5 and its Tomcat Manager. 

The Tomcat Manager is very handy when it comes to controlling your web applications. From this 
interface, you can deploy, start, stop, and un-deploy your application. Please note the following: 

1.	 If Tomcat is not running on the Windows machine where you have installed Accord and have 
been running the ASC, then you will need to transfer your files on to Tomcat machine. 

2.	 Once the files are on the Tomcat local machine, you can use the Deploy section to configure 
Tomcat with the Accord web application. 

Provide the Context Path. This MUST be the same context you used with the ASC. 

Specify the location of the Accord files. This needs to be the directory: 

<install directory>/webapps/accord 

Note the Tomcat Manager will create a directory with your Context Path name in the webapps 
directory and then copy the files from Accord’s webapps/accord directory. 

March 2013 │283-2818-002 44 



 
 

 

    

 
 

 
    

    
 

   
    

 

 

  

BASS Administrator’s Guide 
Bureau of Ocean Energy Management, Regulation and Enforcement 

3.	 Before you start the application, verify you have the correct database configuration for the 
machine you are running Accord on. 

•	 If you are using SQL Server, you likely do not need to check anything. Ensure you have the 
server location correct for where Accord Server is running. 

•	 If you are using HSQLDB, ensure the database directory is going to be placed where you want 
it. Move the directory created on your Windows machine to the machine where Tomcat is 
running. 

To change the location of the database directory, you need to edit the file: 

<Tomcat’s webapps directory>/<your context name>/WEB-INF/web.xml 

In this file you will find: 

<init-param>
 

<param-name>DatabaseName</param-name>
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<param-value>AccordDatabase</param-value>
 

</init-param>
 

AccordDatabase is the name of the database you gave in the ASC. Change this name to a full path 
declaration of where you want the directory to be. Remember, if you have a database on the 
Windows machine that you would like to keep, then you need to move it to this location. 

4.	 You may also want to change where the log files are being placed. Please see the FAQ on 
changing logging properties. 

5.	 You are finally ready to start your application. Press start and then click on the context name. 

6.	 To verify that you have configured things correctly, you should test the following things. 

•	 Go to the Accord Home page and Start Accord. You should able to successfully start the 
Accord Thick Client and log in. 

•	 Start Accord again, but this time provide an incorrect password. This will cause the following 
dialog to appear. 

Click the Email Password button to have Accord send a new password to your email account. Read 
the email and verify the URL in the email is correct. If the URL in the email is not correct, stop Accord 
and edit the web.xml file. 

WEB LOGIC 

We did do some minimal testing with Web Logic. Accord does work with but we could not add the 
application without it requiring our context name/path to be accord. In our setup, Web Logic pointed 
itself at the directory where we installed Accord (i.e. c:\AccordServer\webapps\accord). Since we did 
not want to break the use of the ASC, we did not want to change the name of the accord directory. 

HTTPS 
(If you have not already followed the instructions for HTTP, please the go to that section first.) 

Assuming you have Accord running using HTTP, then you are ready to convert it to use HTTPS. 

1.	 Create the keystore with the server certificate file or find the one being used. Follow your web 
server’s instructions. Once you have this file, ensure that it is in JKS format – the default format of 
Java’s keytool. 
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Below are links to creating server certificates for Tomcat and Web Logic: 

http://tomcat.apache.org/tomcat-5.5-doc/ssl-howto.html 

http://e-docs.bea.com/wls/docs91/secmanage/ssl.html 

Note the ASC assumes the keystore has non-zero length passwords for both the key and store. 

With Tomcat you can configure Accord to use Jetty over HTTPS and then use the keystore created 
for Jetty with Tomcat. The generated keystore can be found at: 

<install directory>/config/acccod_server_keystore.jks 

2. Run the ASC and select HTTPS on the Communication Type dialog. 

The next panel will ask you for information about the keystore you got from your server. The ASC 
will create a trusted certificate to be used by the Accord Thick Client and it will bundle it up so it is 
automatically downloaded by end users. The ASC will also configure the BaseLocation parameter 
so it is using the HTTPS protocol. This implies it will modify the web.xml and the Accord.jnlp files. 

You should now be ready to test your configuration. Please follow the directions above in the HTTP 
section. 

8. BASS MODEL SERVICE AND DISPLAY PORT INSTALLATION 

Model Service and Model Display Port Overview: 
The BASS Model Service is an online or live request tool for computing area of interest (AOI) and 
scientific measure–specific, pre- and post-treatment satisfaction and uncertainty scores. Geographic 
Information System (GIS)-linked Bayesian Belief Networks (BBN) are used to model 12 scientific 
decision measures for the BASS Decision Support Tool. The BASS Decision Support Tool sends 
requests for scientific measure model results to the BASS Model Service during a decision support 
problem. Responding to this request for information, the BASS Model Service processes model run 
requests from the BASS Decision Support Tool and posts the results in a web-accessible folder for the 
BASS Decision Support Tool to pick up and cache in the BASS Database. In this capacity and design, 
the BASS Model Service is dynamic and responsive to the BASS Decision Support Tool. However, an 
administrator can submit model scientific model requests outside of the BASS Decision Support Tool 
on either a site-by-site basis or for larger regions creating GIS layer output for visualization or analysis 
through the Display Port or through a desktop GIS. 

The BASS Model Service may run on its own dedicated hardware platform or on the same hardware 
as any of the other two system components (BASS Decision Support Tool and/or BASS Model Display 
Port) as shown in Figure 1. In any hardware configuration, TCP port 8000 is dedicated for incoming 
and outgoing communication with the Bass Model Service. Model run requests (incoming) are 
handled by the Apache web server and Django web framework. Only properly formatted html POST 
requests will trigger a model run via the BASS Model Service. Furthermore, only requests originating 
from the BASS Decision Support Tool, or other trusted IP addresses, are permitted. Apache virtual 
directory directives “Deny from all” and “Allow from <IP Address>” are used to restrict unauthorized 
access to the BASS Model Service, as unauthorized access could potentially consume large 
processing capacity or attempt to execute or install malicious code. There are additional firewall rules 
or more sophisticated public key / private key authentication options for future development of this 
system if needed. 

When a model run is requested by the BASS Decision Support Tool, instructions are sent to the BASS 
Model Service in the body of an HTTP POST request. The Model Service checks that the request is a 
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POST request then parses the XMLformatted message body to initialize a model run. The BASS 
Decision Support Tool must specify the following items: 

1. A unique request identifier (requestID) 

2. At least one “site” (2-D ocean space described by 4 geographic corner coordinate pairs) 

3. At least one Scientific Model 

With this basic kernel of information, the BASS Model Service extracts geospatial input data from its 
database, processes the data through the specified Scientific Model BAYES Net(s), and creates a 
single result set formatted as comma-separated values (.csv) at 

http://mustang.coas.oregonstate.edu/impact_ouput 

NOTE: The BASS Decision Support Tool will cache these results within its own database. Results are 
valid until a new request is generated with the same requestID. 

To visualize geospatial model results, model inputs, or any relevant geospatial advisory information 
(e.g., planning, development, or regulatory overlays), a custom map viewer has been developed and 
deployed for BASS. 

The BASS Model Display Port is combination of a web map viewer application and web map services 
that pre-populate the viewer with advisory information and scientific model input and output layers. 
The Display Port URL is currently: 

http://hornet.coas.oregonstate.edu/BASS/ 

The URL will change in the production environment. The Display Port and Map Services may be 
manually configured by an Issue Manager to present Scientific Model Outputs or any other 
geospatial data relevant to the issue. The Display Port is intended to support (not required for/by) 
any and all phases of the decision problem from scoping, to stakeholder data collection, to results 
exploration. 

System Architecture 
The production system is installed at Oregon State University’s College of Earth, Oceanic and 
Atmospheric Sciences in Corvallis, Oregon, and consists of two virtual machines hosted on one Dell 
R815 server. The server runs Windows Server 2008 R2 (64 bit) natively and uses Microsoft’s HyperV for 
virtualization. This platform provides a high performance (64 core, 128GB RAM), low overhead space 
to host a production system. Virtual machines are implemented to sequester the BASS Decision 
Support Tool and BASS Model Display Port due to slightly different technology stack requirements 
(Figure 1). Note that the Model Display Port was developed under the PaCOOS and Oregon State 
Waters Mapping programs to utilize ESRI ArcGIS Server 10.1 for .NET. ArcGIS Server 10.1 for .NET 
requires the MS IIS web server while both the BASS Decision Support Tool and BASS Model Service 
utilize technologies better suited to the Apache web server. ArcGIS Server 10.1 also installs an Arcpy 
package that is incompatible with the BASS Model Service. For these reasons, two physical or two 
virtual host configuration is necessary. 
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Figure 1. Core BASS components, their supporting technologies, 
and the system architecture supporting the services. 

NOTE: The BASS Model Display Port was developed under the Microsoft .NET platform and has different technology 
requirements from the BASS Decision Support Tool and BASS Model Service. Implementing two server instances through 
virtual machines is one solution to the mixed stack. 

MINIMUM REQUIREMENTS 

The BASS Model Service performs computationally intense geospatial operations during the creation 
of Scientific Model output files for the BASS Decision Support Tool. Therefore, the system 
requirements are somewhat more demanding than those for the Accord compute engine. 

Operating system MS Windows Server 2008 

Minimum RAM 8 GB, or more (12 in production now) 

Processor Quad core Intel Sandy Bridge or AMD equivalent 

THE BASS MODEL SERVICE TECHNOLOGY STACK 

•	 Apache Web Server Version 2.2 and Mod_wsgi (wsgi-compliant interface for Apache and 
Python) 

•	 Django Web Framework Version 1.4 

•	 ESRI ArcGIS Desktop 10.0 (with Python 2.6) 
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•	 Norsys Netica (Version 4.16) 

•	 OSU BASS Modules for Python (Version 1.0) 

THE BASS DISPLAY PORT TECHNOLOGY STACK: 

•	 Microsoft Internet Information Services 7 (IIS7) 

•	 ESRI ArcGIS Server 10.1 for .NET 

•	 Microsoft Silverlight (client requirement) 

Installation and Configuration 

BASS MODEL SERVICE INSTALLATION OVERVIEW: 

Configuration of the BASS Model Service requires relatively few steps. A standard Apache, Django, 
mod_wsgi configuration provides the base level web server and web application framework. We 
recommend that the ESRI ArcGIS Desktop 10.0 software be installed and functional before the 
Apache/Django webserver/web framework is installed. Due to the fact that Python 2.6 is bundled 
with ArcGIS Desktop and installed with ArcGIS Desktop, installing ESRI ARcGIS 10.0 first will install 
Python to the default ESRI location and will save the administrator time by skippng a separate Python 
installation step. 

Prior to Model Service setup, all setup files must be downloaded to the server. These files are 
available from the project team and are provided as a zip package, BASS_MS.zip. The archive 
includes: 

•	 urls.py Django code to establish BASS urls 

•	 views.py Django code to build web services 

•	 BASS_MODULES.py GIS-linked BBN processing code 

•	 /nets/ Directory of BASS BBN models 

•	 BASS_model_inputs File Geodatabase of BASS BBN attribute data 

INSTALL BASS MODEL SERVICE 

1.	 Obtain ESRI ArcGIS Desktop 10.0 media and license from appropriate source (Academic, GSA, or 
Commercial). 

2.	 Install the “Full” ArcGIS Desktop 10.0 software package using ESRI Media and the ESRI installation 
wizard. Install the software to the default location option (your server’s system drive). No BASS-
specific installation options or choices are necessary during the ESRI ArcGIS Desktop 10.0 
installation. The BASS Model Service is intended to run on a default ESRI configuration. 

3.	 Download Apache 2.2.22 for windows from this URL: 
http://archive.apache.org/dist/httpd/binaries/win32/httpd-2.2.22-win32-x86-no_ssl.msi 

4.	 Install Apache 2.2.22 for windows according to the installation directions at this URL: 
http://httpd.apache.org/docs/2.2/platform/windows.html 

Note the entries for Network Domain, Server Name, and Server Port. This information is necessary 
to properly configure the BASS Decision Support Tool. 

5.	 Install the Django Web framework according to installation directions at this URL: 
https://docs.djangoproject.com/en/1.4/intro/install/ 
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Ensure Python has already been installed during the ESRI setup above (Step 2). 

6.	 Download mod_wsgi for Apache 2.2 and Python 2.6 from this URL: 
http://code.google.com/p/modwsgi/downloads/detail?name=mod_wsgi-win32-ap22py26-3.3.so 

7.	 Configure Django for Apache using mod_wsgi 

Save wsgi-win32-ap22py26-3.3.so 

to 

C:\Program Files (x86)\Apache Software Foundation\Apache2.2\modules 

8.	 Edit the Apache httpd.conf file to use mod_wsgi 

Add LoadModule wsgi_module modules/mod_wsgi.so under the Dynamic Shared Object
 
Support Section of the httpd.conf file.
 

9.	 Create a Django project for the BASS Model Service. 

Create a directory of the BASS Model Service at C:\django\bass 

From the command line change to the above directory and run: 

>> Python django-admin.py startproject bass 

Replace the auto-generated urls.py and views.py files with the urls.py and views.py file provided 
here. 

Install the BASS_Modules.py file (provided) to your Django BASS Model Service project. 

10. Obtain a licensed copy and Install Netica 4.16(Windows executable). 

11. Install the BBN models by copying and extracting Models.zip to C:\django\bass\bass\nets. 

BASS DISPLAY PORT INSTALLATION OVERVIEW 

Configuration of the BASS Display Port may vary depending upon where the BASS Web Map services 
originate from. There is no requirement for ESRI ArcGIS Server 10.0 to be located on the same server 
as the display port. This is, however, the default configuration at project completion. 

BASS DISPLAY PORT INSTALLATION STEPS 

1.	 Install and activate MS IIS 7.0 on your Windows server. 

2.	 Obtain the installation media and license for ArcGIS Server 10.1 for .NET from the appropriate 
provider. 

3.	 Install ESRI ArcGIS Server 10.1 for .NET according to the default setup instructions provided by 
ESRI. There are no BASS-specific ESRI setup instructions. A base installation of ArcGIS Server 10.0 
or 10.1 will support the Model Display Port. 

4.	 Copy the BASS_Silverlight_Viewer.zip file to your server. 

5.	 Create an IIS virtual directory that points to the installation location. 

Administration 
You must be competent with the technology stack described in Figure 1 above. Typical activities 
associated with administration of these technologies include: 
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•	 Server Administration – Software installation and software integration including web server 
and network administration. Also includes managing Security Policies and Access Control. 
Monitor and manage model service log files and output storage space. 

•	 Database Administration – Includes installation, configuration, upgrade, migration, 

replication, security.
 

•	 GIS Database Administration – Includes maintaining both the input data layer collection as 
well as GIS output from any “Region Run Requests” destined for the Model Display Port. 

•	 BBN Model Administration – Includes adding, removing, or modifying models from the 
Model Catalog. 

BASS MODEL SERVICE ADMINISTRATION
 

Post-installation BASS Model Service administration tasks include:
 

•	 Adding or Modifying BBN Models to the system 

•	 Adding or Modifying GIS Attribute data layers to the Geodatabase 

BASS DISPLAY PORT ADMINISTRATION 

On the back end, the Model Display Port requires BASS-specific Map Services from an ESRI ArcGIS 
Server 10.1 instance. ArcGIS Server 10.1 is used instead of ArcGIS Server 10 because 10.1 is a true 64
bit application and significant performance enhancements are available with ArcGIS Server 10.1. 
Administration of the front end or front facing “site” is accomplished by making edits to an 
application configuration file (AppConfig.xml) in the /BASS/ClientBin directory. This configuration file 
exposes the relevant items that control: 

•	 Table of Contents Layers (A Listing of Loaded Map Services) 

•	 Layer Order 

• Widget Visibility 

Additional changes to tools can be made from any one of the Widget-specific .xml files: 

•	 BookmarkWidget.xml 

•	 CoordinateWidget.xml 

•	 ElevationWidget.xml 

•	 ExtractionWidget.xml 

•	 IdentifyWidget.xml 

•	 MeasureWidget.xml 

Administration of the back end services typically involves either creating (publishing) or updating 
(republishing) map services that are displayed in the Model Display Port. Generally, the workflow for 
publishing a map service includes: 

•	 Creating an ESRI Map Document with the layers to be published. 

•	 Creating a connection to the BASS ArcGIS Server Instance through ESRI ArcCatalog. 

•	 Using the ESRI ArcMap or ArcCatalog publishing tools to create a map service. 
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Issue Managers may find it useful to develop and publish through the BASS Display Port map 
composition unique and specific to the decision problem. Any desktop map composition can be 
converted into an online map service using the BASS Display Port ArcGIS Server 10.1 instance. 
Instructions for publishing services using ESRI ArcGIS Server 10.1 are found at this URL: 

http://resources.arcgis.com/en/help/main/10.1/index.html#/How_to_publish_a_service/0154000004 
n3000000/ 

To support publishing a connection to the BASS ArcGIS Server, an instance must be made through 
the desktop GIS software. This connection requires a username and password. Contact the OSU BASS 
system administrator for credentials and specific instructions detailing how to create a publisher 
connection to this system. For security reasons we do not provide usernames, passwords, or 
connection information in this document. 

Once the service has been created or a suitable new service resource has been identified from 
another source, the AppConfig.xml file must be edited to load the file to the BASS Display Port Table 
of Contents. The following is an example of a TOC entry in the AppConfig.xml file. 

<LivingMaps> 

<Layer title="BASS_REGION" serviceType="Dynamic" opacityBar="true" opacity="1" 
visibleInitial="true" toggleLayer="false" visibleLayers="*" refreshRate="0" 
restURL="http://extra.coas.oregonstate.edu/ArcGIS/rest/services/BASS_REGION/MapServer" 
proxyURL="" token=""></Layer> 

</LivingMaps> 

New TOC layers are added as <Layer> elements to the <LivingMaps> element. Note that most 
element attributes may be simply copied for the new element. However, the restURL and title must 
reflect the layer you wish to add. 

BASS MODEL SERVICE AND DISPLAY PORT LICENSING CONSIDERATIONS 

The BBN-GIS providing scientific model output to BASS has three types of software in it: 

Type 1. Software owned and distributed by a third party and licensed to BASS under 
academic/research for the duration of the project development (2010–2012). 

• ESRI ArcGIS Desktop (Arcpy) 

Type 2. Software developed by a third party and distributed under a public license agreement. 

• Apache Webserver 

• Django Web Framework 

Type 3. Original code developed at OSU specifically for BASS under BOEM funding. 

• BASS Model Service 

TYPE 1: THIRD PARTY COMMERCIAL SOFTWARE 

This software is not owned by Parametrix, Oregon State University, Robust Decisions, or BOEM. As 
such, permission and/or license fees must be paid to the owners for use beyond this research project. 
Specifically, Environmental Systems Research Institute (ESRI) owns the geo-processing python site-
package (Arcpy) that is used by the BASS Model Service. ArcGIS Desktop and Arcpy are commercial 
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applications developed independently from BASS. The ESRI ArcGIS Desktop and Arcpy API were 
licensed for the duration of the project development phase under a multi-institution academic & 
research license Academic and research licensing fees for ESRI products were paid by the OSU CEOAS 
for the research and development phase of this project. 

The specific license fee for future use of the ESRI Arcpy API depends on the future use of BASS: 

•	 For decision support projects in which OSU research faculty or students play research or 
facilitation roles (including further development of BASS) and the BASS Scientific Model 
Service is hosted at OSU for these non-commercial applications: 

 ESRI Licensing is covered under OSU Academic Agreement 

•	 For decision support & research projects internal to BOEM in which OSU Faculty and Students 
assist using the BASS Scientific Model Service hosted at OSU: 

 Licensing is covered under OSU Academic and Research Agreement 

•	 For decision support & research projects internal to BOEM with no OSU hosting or
 
academic/research involvement:
 

 ESRI Licensing must transfer to federal responsibility 

•	 For projects external to BOEM including those undertaken by industry contractors: 

 Commercial ESRI Licensing terms will apply 

TYPE 2: THIRD PARTY PUBLIC LICENSING 

To support a web-accessible BASS Scientific Model Service, two publically licensed technologies are 
employed: 

•	 Apache Webserver – The Apache Software Foundation licenses the Apache Webserver under 
the free software Apache License 2.0. The Apache License 2.0 allows any user of the software 
the freedom to use the software for any purpose, to distribute it, to modify it, and to 
distribute modified versions of the software, under the terms of the license. 

•	 Django Web Framework – Distributed under the BSD License, a free and permissive software 
license. 

TYPE 3: BASS SCIENTIFIC MODEL SERVICE SPECIFIC CODE 

With the exception of the items listed in the two Type 2 categories above, all other code is BASS 
specific and is owned by the project sponsor BOEM. 

Appendix A: Copies of Type 2 Licenses Used in BASS 
Apache License: 

Version 2.0, January 2004 

http://www.apache.org/licenses/ 

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION 

1. Definitions. 

"License" shall mean the terms and conditions for use, reproduction, and distribution as defined by 
Sections 1 through 9 of this document. 
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"Licensor" shall mean the copyright owner or entity authorized by the copyright owner that is 
granting the License. 

"Legal Entity" shall mean the union of the acting entity and all other entities that control, are 
controlled by, or are under common control with that entity. For the purposes of this definition, 
"control" means (i) the power, direct or indirect, to cause the direction or management of such entity, 
whether by contract or otherwise, or (ii) ownership of fifty percent (50%) or more of the outstanding 
shares, or (iii) beneficial ownership of such entity. 

"You" (or "Your") shall mean an individual or Legal Entity exercising permissions granted by this 
License. 

"Source" form shall mean the preferred form for making modifications, including but not limited to 
software source code, documentation source, and configuration files. 

"Object" form shall mean any form resulting from mechanical transformation or translation of a 
Source form, including but not limited to compiled object code, generated documentation, and 
conversions to other media types. 

"Work" shall mean the work of authorship, whether in Source or Object form, made available under 
the License, as indicated by a copyright notice that is included in or attached to the work (an example 
is provided in the Appendix below). 

"Derivative Works" shall mean any work, whether in Source or Object form, that is based on (or 
derived from) the Work and for which the editorial revisions, annotations, elaborations, or other 
modifications represent, as a whole, an original work of authorship. For the purposes of this License, 
Derivative Works shall not include works that remain separable from, or merely link (or bind by name) 
to the interfaces of, the Work and Derivative Works thereof. 

"Contribution" shall mean any work of authorship, including the original version of the Work and any 
modifications or additions to that Work or Derivative Works thereof, that is intentionally submitted to 
Licensor for inclusion in the Work by the copyright owner 

or by an individual or Legal Entity authorized to submit on behalf of the copyright owner. For the 
purposes of this definition, "submitted" means any form of electronic, verbal, or written 
communication sent to the Licensor or its representatives, including but not limited to 
communication on electronic mailing lists, source code control systems, and issue tracking systems 
that are managed by, or on behalf of, the Licensor for the purpose of discussing and improving the 
Work, but excluding communication that is conspicuously marked or otherwise designated in writing 
by the copyright owner as "Not a Contribution." 

"Contributor" shall mean Licensor and any individual or Legal Entity on behalf of whom a 
Contribution has been received by Licensor and subsequently incorporated within the Work. 

2. Grant of Copyright License. Subject to the terms and conditions of this License, each Contributor 
hereby grants to You a perpetual, worldwide, non-exclusive, no-charge, royalty-free, irrevocable 
copyright license to reproduce, prepare Derivative Works of, publicly display, publicly perform, 
sublicense, and distribute the Work and such Derivative Works in Source or Object form. 

3. Grant of Patent License. Subject to the terms and conditions of this License, each Contributor 
hereby grants to You a perpetual, worldwide, non-exclusive, no-charge, royalty-free, irrevocable 
(except as stated in this section) patent license to make, have made, use, offer to sell, sell, import, and 
otherwise transfer the Work, where such license applies only to those patent claims licensable by 
such Contributor that are necessarily infringed by their Contribution(s) alone or by combination of 
their Contribution(s) with the Work to which such Contribution(s) was submitted. If You institute 
patent litigation against any entity (including a cross-claim or counterclaim in a lawsuit) alleging that 
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the Work or a Contribution incorporated within the Work constitutes direct or contributory patent 
infringement, then any patent licenses granted to You under this License for that Work shall 
terminate as of the date such litigation is filed. 

4. Redistribution. You may reproduce and distribute copies of the Work or Derivative Works thereof in 
any medium, with or without modifications, and in Source or Object form, provided that You meet 
the following conditions: 

(a) You must give any other recipients of the Work or Derivative Works a copy of this License; and 

(b) You must cause any modified files to carry prominent notices stating that You changed the files; 
and 

(c) You must retain, in the Source form of any Derivative Works that You distribute, all copyright, 
patent, trademark, and attribution notices from the Source form of the Work, excluding those notices 
that do not pertain to any part of the Derivative Works; and 

(d) If the Work includes a "NOTICE" text file as part of its distribution, then any Derivative Works that 
You distribute must include a readable copy of the attribution notices contained within such NOTICE 
file, excluding those notices that do not pertain to any part of the Derivative Works, in at least one of 
the following places: within a NOTICE text file distributed as part of the Derivative Works; within the 
Source form or documentation, if provided along with the Derivative Works; or, within a display 
generated by the Derivative Works, if and wherever such third-party notices normally appear. The 
contents of the NOTICE file are for informational purposes only and do not modify the License. You 
may add Your own attribution notices within Derivative Works that You distribute, alongside or as an 
addendum to the NOTICE text from the Work, provided that such additional attribution notices 
cannot be construed as modifying the License. 

You may add Your own copyright statement to Your modifications and may provide additional or 
different license terms and conditions for use, reproduction, or distribution of Your modifications, or 
for any such Derivative Works as a whole, provided Your use, reproduction, and distribution of the 
Work otherwise complies with the conditions stated in this License. 

5. Submission of Contributions. Unless You explicitly state otherwise, any Contribution intentionally 
submitted for inclusion in the Work by You to the Licensor shall be under the terms and conditions of 
this License, without any additional terms or conditions. Notwithstanding the above, nothing herein 
shall supersede or modify the terms of any separate license agreement you may have executed with 
Licensor regarding such Contributions. 

6. Trademarks. This License does not grant permission to use the trade names, trademarks, service 
marks, or product names of the Licensor, except as required for reasonable and customary use in 
describing the origin of the Work and reproducing the content of the NOTICE file. 

7. Disclaimer of Warranty. Unless required by applicable law or agreed to in writing, Licensor provides 
the Work (and each Contributor provides its Contributions) on an "AS IS" BASIS, WITHOUT 
WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied, including, without limitation, 
any warranties or conditions of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A 
PARTICULAR PURPOSE. You are solely responsible for determining the appropriateness of using or 
redistributing the Work and assume any risks associated with Your exercise of permissions under this 
License. 

8. Limitation of Liability. In no event and under no legal theory, whether in tort (including 
negligence), contract, or otherwise, unless required by applicable law (such as deliberate and grossly 
negligent acts) or agreed to in writing, shall any Contributor be liable to You for damages, including 
any direct, indirect, special, incidental, or consequential damages of any character arising as a result 
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of this License or out of the use or inability to use the Work (including but not limited to damages for 
loss of goodwill, work stoppage, computer failure or malfunction, or any and all other commercial 
damages or losses), even if such Contributor has been advised of the possibility of such damages. 

9. Accepting Warranty or Additional Liability. While redistributing the Work or Derivative Works 
thereof, You may choose to offer, and charge a fee for, acceptance of support, warranty, indemnity, 
or other liability obligations and/or rights consistent with this License. However, in accepting such 
obligations, You may act only on Your own behalf and on Your sole responsibility, not on behalf of 
any other Contributor, and only if You agree to indemnify, defend, and hold each Contributor 
harmless for any liability incurred by, or claims asserted against, such Contributor by reason of your 
accepting any such warranty or additional liability. 

END OF TERMS AND CONDITIONS 

APPENDIX: How to apply the Apache License to your work. 

To apply the Apache License to your work, attach the following boilerplate notice, with the fields 
enclosed by brackets "[]" replaced with your own identifying information. (Don't include the 
brackets!) The text should be enclosed in the appropriate comment syntax for the file format. We also 
recommend that a file or class name and description of purpose be included on the same "printed 
page" as the copyright notice for easier identification within third-party archives. 

Copyright [yyyy] [name of copyright owner] 

Licensed under the Apache License, Version 2.0 (the "License"); you may not use this file except in 
compliance with the License. You may obtain a copy of the License at 

http://www.apache.org/licenses/LICENSE-2.0 

Unless required by applicable law or agreed to in writing, software distributed under the License is 
distributed on an "AS IS" BASIS, WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express 
or implied. See the License for the specific language governing permissions and limitations under the 
License. 

Django BSD License: 

Copyright (c) Django Software Foundation and individual contributors. 

All rights reserved. 

Redistribution and use in source and binary forms, with or without modification, are permitted 
provided that the following conditions are met: 

1. Redistributions of source code must retain the above copyright notice, this list of conditions and 
the following disclaimer. 

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions 
and the following disclaimer in the documentation and/or other materials provided with the 
distribution. 

3. Neither the name of Django nor the names of its contributors may be used to endorse or promote 
products derived from this software without specific prior written permission. 

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY 
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL 
THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, 
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, 
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PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS 
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, 
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF 
THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE. 

Appendix B: Commercial Licenses in BASS 
NORSYS LICENSE AGREEMENT FOR NETICA Norsys Agreement #116 

1. By downloading, copying, or using the Netica software you are agreeing to be bound by the terms 
of this license. If you do not agree to the terms of this license, do not download, or promptly delete 
the unused software, and notify Norsys for a full refund. 

GRANT and RESTRICTED USE. 

2. Norsys Software Corp. ("Norsys") hereby grants you, the licensee, anon-exclusive license to use the 
Netica Application and Netica API software products ("Netica") subject to the provisions contained 
herein. 

3. For the purposes of this Agreement, your site is defined as your university,school or home if you 
have an educational/personal license, or your company ifyou have a commercial license, but in any 
case also restricted to a single geographical region of less than 2 kilometers in diameter.  If you are 
not using Netica with a password, your site can be any of the above as you choose. 

4. You may make unlimited copies of Netica or its documentation, provided theyare copied 
unmodified and in their entirety, including their copyright notice.Netica may be installed on a local 
network, or otherwise distributed at your site. Netica may be used by multiple people at your site, 
providing they all follow the provisions of this Agreement.  If you wish to use Netica as part of a web 
server, or as part of software that you distribute, special licenses for those purposes must be obtained 
from Norsys. 

5. If you know a password (also termed a "license number") for Netica, you must make reasonable 
effort to ensure that the knowledge of, and the use of, that password remains restricted to your site, 
and, unless you have a site license, or a "No Charge" license, that the number of computers 
simultaneously running Netica with that password is never more than the number of copies of Netica 
purchased for your site, even if Netica is embedded in other software.  You must not use Netica with a 
password that has not been issued by Norsys to a member of your site, or which has been obtained in 
a way which violates this Agreement. 

6. You must not modify Netica, or its password protection, or use a modified version of Netica, but 
you may create software which contains Netica, in which case all provisions of this Agreement still 
apply to the embedded Netica.  The derived software must contain a valid copyright notice, either 
your own or the Norsys copyright notice. 

7. You acknowledge that Netica in source code form remains a confidential tradesecret of Norsys and 
therefore you agree not to attempt to decipher, decompile, disassemble, reverse engineer or 
otherwise reduce Netica to a human-perceivable form, or allow others to do so. 

8. TITLE. Netica and its documentation is protected by the copyright laws of Canada and 
international copyright treaties.  Netica and its documentation is not sold to you, but licensed for 
your use. Norsys maintains all title, ownership rights, and intellectual property rights to Netica and its 
documentation.  No license, right or interest in any trademark, trade name or service mark are 
granted under this Agreement. 
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9. DISCLAIMER OF WARRANTY.  You expressly acknowledge and agree that use of Netica is at your 
sole risk.  Netica and related documents are provided "AS IS" and without warranty of any kind and 
Norsys EXPRESSLY DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED 
TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. 
NORSYS DOES NOT WARRANT THAT THE FUNCTIONS CONTAINED IN NETICA WILL MEET YOUR 
REQUIREMENTS, OR THAT THE OPERATION OF NETICA WILL BE UNINTERRUPTED OR ERROR-FREE, OR 
THAT DEFECTS IN NETICA WILL BE CORRECTED.  FURTHERMORE, NORSYS DOES NOT WARRANT OR 
MAKE ANY REPRESENTATIONS REGARDING THE USE OR THE RESULTS OF THE USE OF NETICA OR 
RELATED DOCUMENTATION IN TERMS OF THEIR CORRECTNESS, ACCURACY, RELIABILITY, OR 
OTHERWISE. NO ORAL OR WRITTEN INFORMATION OR ADVICE GIVEN BY NORSYS OR A NORSYS 
AUTHORIZED REPRESENTATIVE SHALL CREATE A WARRANTY OR IN ANY WAY INCREASE THE SCOPE 
OF THIS WARRANTY.  SHOULD THE NETICA SOFTWARE PROVE DEFECTIVE, YOU (AND NOT NORSYS 
OR A NORSYS AUTHORIZED REPRESENTATIVE) ASSUME THE ENTIRE COST OF ALL NECESSARY 
SERVICING, REPAIR OR CORRECTION.  SOME JURISDICTIONS DO NOT ALLOW THE EXCLUSION OF 
IMPLIED WARRANTIES, SO THIS EXCLUSION MAY NOT APPLY TO YOU. 

10. LIMITATION OF LIABILITY. UNDER NO CIRCUMSTANCES SHALL NORSYS OR ITS SUPPLIERS OR 
RESELLERS BE LIABLE TO YOU OR ANY OTHER PARTY FOR ANY INDIRECT, SPECIAL, INCIDENTAL, OR 
CONSEQUENTIAL DAMAGES OF ANY CHARACTER, WHETHER BASED ON CONTRACT, TORT, 
WARRANTY OR OTHER LEGAL OR EQUITABLE GROUNDS, INCLUDING, WITHOUT LIMITATION, 
DAMAGES FOR LOSS OF GOODWILL, WORK STOPPAGE, LOST PROFITS ,OR LOST DATA, THAT RESULT 
FROM THE USE OR INABILITY TO USE NETICA OR ITS DOCUMENTATION, EVEN IF NORSYS HAS BEEN 
INFORMED OF THE POSSIBILITY OF SUCH DAMAGES. NORSYS IS NOT RESPONSIBLE FOR, AND DOES 
NOT MAKE ANY REPRESENTATION, WARRANTY, OR CONDITION CONCERNING PRODUCT, SOFTWARE, 
OR DOCUMENTATION NOT MANUFACTURED BY NORSYS, SUCH AS THIRD-PARTIES' PROGRAMS THAT 
ARE DESIGNED USING NORSYS SOFTWARE OR WHICH INCLUDE NORSYS PROGRAMS, FILES, OR 
INFORMATION. SOME JURISDICTIONS DO NOT ALLOW THE LIMITATION OR EXCLUSION OF LIABILITY 
FOR INCIDENTAL OR CONSEQUENTIAL DAMAGES, SO THIS LIMITATION AND EXCLUSION MAY NOT 
APPLY TO YOU.  In no event shall Norsys's total liability to you for all damages, losses, and causes of 
action (whether in contract, tort (including negligence), or otherwise) exceed the amount paid by 
you for Netica. 

11. EXPORT CONTROLS.  You may not download or otherwise export or re-export Netica or its 
documentation or any other Norsys technical data except in full compliance with all Canadian and 
other applicable laws and regulations. By downloading or using Netica, you are agreeing to the 
foregoing and you are representing and warranting that you are not located in any country to which 
Canada has embargoed goods. 

12. TERMINATION.  This Agreement is effective until terminated. Norsys may terminate this 
Agreement at any time, and without notice, if you fail to comply with any provision of this 
Agreement.  Upon termination you must destroy all copies of the Netica software, all parts or 
modifications of the Netica software including parts or modifications embedded in other software, all 
Netica documentation, and any other relevant information received from Norsys, that is in your 
possession or that you have supplied or made available to a third party. 

13. GENERAL.  This Agreement constitutes the entire agreement between the parties concerning the 
subject matter thereof. No amendment to or modification of this Agreement will be binding unless 
in writing and signed by you and an authorized officer of Norsys.  THE ACCEPTANCE OF ANY 
PURCHASE ORDER PLACED BY YOU IS EXPRESSLY MADE CONDITIONAL ON YOUR ASSENT TO THE 
TERMS SET FORTH HEREIN, AND NORSYS AGREES TO FURNISH NETICA AND DOCUMENTATION ONLY 
UPON THESE TERMS AND NOT THOSE CONTAINED IN YOUR PURCHASE ORDER. This Agreement shall 
be governed by, subject to and interpreted in accordance with Canadian law, and you and Norsys 
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shall submit to the jurisdiction of the Canadian court.  If for any reason a court of competent 
jurisdiction finds any provision of this Agreement to be unenforceable, that provision shall be 
enforced to the maximum extent permissible so as to affect the intent of the parties, and the 
remainder of the agreement shall continue in full force and effect. 

Norsys Software Corp. 
3512 West 23rd Ave. 
Vancouver, BC, Canada 
V6S 1K5 
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Appendix C: Intellectual Property Issues and 
Hosting Recommendations for BASS 

1.	 INTRODUCTION 

Overview 
This technical memorandum summarizes the intellectual property issues that arise from integrating 
software application technologies and datasets to power the BASS tool. In addition, this 
memorandum provides recommendations to guide future decision making on hosting location, how 
to access, and how best to establish licensing agreements to use the BASS software and its results. 
We emphasize that BASS is a complex system with a number of components and dependencies. 
Installation and use of BASS requires expertise in the component systems and computer 
infrastructure, as well as the input datasets that power the scientific analysis. 

After considering issues of licensing, location, and accessibility, we recommend maintaining all the 
components on OSU servers where they currently reside. 

Licensing Multiple Applications 
This memo is a necessary component of the due diligence reporting to ensure that software and data 
developers’ intellectual property rights are not compromised. The particulars described in this 
memorandum are based on published policies and believed to be correct, but have not been 
reviewed for specific compliance issues by legal representatives of the software developers, 
companies, or institutions involved. 

The BASS Model Service must perform computationally intense geospatial operations during the 
creation of Scientific Model output files for the BASS Decision Support Tool. Therefore the system 
requirements are somewhat more demanding than those for the Accord compute engine. 

2. SYSTEM REQUIREMENTS 
•	 Operating System MS Windows Server 2008 

•	 Minimum RAM 8 GB, or more (12 in production now) 

•	 Processor Quad core Intel Sandy Bridge or  AMD equivalent 

The BASS Model Service Technology Stack 

•	 Apache Web Server Version 2.2 & Mod_wsgi (wsgi compliant interface for Apache and 
Python) 

•	 Django Web Framework Version 1.4 

•	 ESRI ArcGIS Desktop 10.0 (with Python 2.6) 

•	 Norsys Netica (Version 4.16) 

•	 OSU BASS Modules for Python (Version 1.0) 
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The BASS Display Port Technology Stack 

• Microsoft Internet Information Services 7 (IIS7) 

• ESRI ArcGIS Server 10.1 for .NET 

• Microsoft Silverlight (client requirement) 

3. INTELLECTUAL PROPERTY AND LICENSING CONSIDERATIONS 

To develop BASS quickly and efficiently, the project team integrated four existing software packages 
and/or data models. These systems were integrated with custom code developed by the bass team 
to create the BASS system. The four existing packages are: 

• Oregon Wave Energy Trust’s (OWET’s): Cumulative Effects Framework 

• Robust Decision Incorporated decision support package: Accord 

• Norsys: Netica 

• ESRI: ArcGIS & ArcGIS Server 

The existing packages and code developed for the project fall into three classes.  We will first 
describe those classes and document the licensing agreements used for the development phase of 
the project. 

Class 1 
Class 1 Software is owned and distributed by a third party and licensed to BASS under academic and 
research agreements for the duration of the project development (2010–2013). This software class 
includes products that are not owned by Parametrix, Oregon State University, or BOEM. As such, 
permission and/or license fees must be paid to the owners for use beyond this research project. 

ESRI ArcGIS Desktop and Server – Environmental Systems Research Institute (ESRI) owns the geo
processing python site-package (Arcpy) that is used by the BASS Model Service. ArcGIS Desktop, 
Server, and Arcpy are commercial applications developed independently from BASS. The ESRI ArcGIS 
Desktop, Server, and Arcpy API were licensed for the duration of the project development phase 
under a multi-institution academic and research license. 

Norsys Netica – Netica is a software program for working with Bayesian Belief Networks (BBNs). 
Netica provides both a graphical user interface for developing networks, and application 
programming interfaces that support integration with external software. Netica was licensed to OSU 
under Academic Agreement for $285 during the development project phase. 

Robust Decisions Inc. Accord – RDI owns the decision-making compute engine (Accord API) used 
by BASS. This is an application separate from BASS and called by it through an API interface. Accord 
API was licensed for the duration of the project, and a license fee paid of $4250 per year ($500 
[license fee] + $3750 [equipment]) for the two-year duration of BASS development. 

Class 2 
Class 2 Software has been developed by a third party and is distributed freely to BASS under a public 
license agreement. The RDI User Interface and OSU Model Service cannot be used in derivative or 
other applications without specific written agreement with Robust Decisions Inc. Code that supports 
the functions listed below can be used within BASS on a no-fee, no-support basis in perpetuity. 
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Apache Webserver – The Apache Software Foundation licenses the Apache Webserver under the 
free software Apache License 2.0. The Apache License 2.0 allows any user of the software the freedom 
to use the software for any purpose, to distribute it, to modify it, and to distribute modified versions 
of the software, under the terms of the license. No Apache source code was modified through this 
project. 

Django web framework – Django provides the web framework for building python applications. 
BASS uses Django to manage model run requests and data transport from the model service to BASS. 
Django is distributed under the BSD License, a free and permissive software license. No Django 
source code was modified through this project. 

Class 3 
Class 3 Software has been developed for the BASS project by the BASS team.  Software in this class is 
owned by Oregon State University and RDI respectively.  These entities grant a non-exclusive 
permanent license to BOEM at no cost.  

RDI user interface code – To make BASS a success RDI licensed certain pieces of code to the BASS 
project on a no-fee basis. This code is primarily the BASS user interface. 

BASS Model Service and Viewport – The BASS Model service is the web accessible BBN-GIS 
modeling framework developed to provide scientific measure information to the BASS user interface 
and Accord Compute Engine. The viewport is a custom coding based on Arc Server covered by the 
ESRI Licensing discussed for Class 1. 

4. RECOMMENDATIONS FOR HOSTING THE BASS TOOL 
The BASS development team examined three options for system deployment as detailed below. 
Choice of a deployment scenario should consider the following: 

•	 Existing IT infrastructure 

•	 Maintenance requirements for the system and input database 

•	 Operating costs 

100 percent OSU Instance 
Use Case – For agency-level decision support projects in which OSU and RDI research personnel 
assume research or facilitation roles (including further development of BASS Scientific Model and 
Display Port data) and the BASS Scientific Model Service is hosted at OSU for these non-commercial 
applications: 

•	 ESRI Licensing is covered under an academic licensing agreement 

•	 Norsys Netica Licensing is covered under an academic licensing agreement 

•	 RDI Accord Licensing – For projects in which Robust Decisions employees play a research or 
facilitation role totaling over $10,000 per year, the Accord API license fee = $5,000 per year. 
Otherwise, the RDI license fee is $10,000/year 

•	 System is administered and maintained by the original development team 

•	 Easiest path to make changes or improvements 

•	 Hardware and software is already in place at OSU 
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•	 Academic licensing available for non-commercial applications of some components (see 
above) 

•	 Requires modest support plan (FTE for administrator, small budget for equipment and OSU 
maintenance fees) 

50 percent OSU – 50 percent BOEM Installation Instance 

OSU-HOSTED COMPONENTS – MODEL SERVICE AND DISPLAY PORT 

OSU maintains the model processing engine and hosts the Display Port (data visualization). 

BOEM-HOSTED COMPONENTS – BASS WEB APPLICATION 

BOEM serves the BASS Web Application and maintains the Accord Compute Engine/ Database on 
BOEM hardware/network. 

Use Case – For decision support and research projects internal to BOEM in which OSU staff assist by 
managing the research models and results using the BASS Scientific Model Service and Display Port 
hosted at OSU. RDI employees play no active role. 

•	 ESRI licensing is covered under OSU academic and research agreement 

•	 Norsys licensing is covered under academic licensing agreement 

•	 RDI Accord Licensing: For projects in which Robust Decisions employees play a research or 
facilitation role totaling over $10,000 per year, the Accord API license fee = $5,000 per year. 
Otherwise, the RDI license fee is $10,000/year. 

•	 Bayesian Belief Network (BBN) Ecosystem Service and Device Suitability Models stay in the 
academic domain and are licensed at no cost to BOEM. 

•	 GIS-BBN processing framework is computationally intense. OSU has hardware and network 
and support personnel for this. (some maintenance fee could be necessary or negotiated). 

•	 Greater potential for continued development and optimization. 

•	 BOEM must set up dedicated hardware and software infrastructure to support the BASS Web 
Application as a high availability service. 

•	 ESRI and Netica Licensing GSA Required for official agency projects. 

100 percent BOEM Installation Instance 
Use Case – For decision support and research projects internal to BOEM with no OSU hosting or 
academic/research involvement or for projects external to BOEM including those undertaken by 
industry contractors: 

•	 ESRI Licensing must transfer to federal responsibility 

•	 Norsys licensing is covered under commercial and must transfer to federal responsibility 

•	 RDI Accord Licensing – For projects in which Robust Decisions employees play a research or 
facilitation role totaling over $10,000 per year, the Accord API license fee = $5,000 per year. 
Otherwise, the RDI license fee is $10,000/year. 

•	 BOEM manages BBN scientific measure models including model development where needed 

•	 BOEM manages GIS model inputs and outputs including data development where needed 
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Recommendation 
The BASS Development team recommends the 100 percent OSU-hosted option. The BASS system is 
developed in state-of-the-art technologies. The hardware and software dependencies for BASS 1.0 
are such that we recommend that the system be used as currently deployed at OSU. 

The recommendation is based on several considerations. 

1.	 The system is proven and operational on existing hardware and network connectivity at OSU. 

2.	 The hardware required to serve the system publicly is already installed and supported at OSU. 

3.	 The requirements of a web-based system that interacts with the public are such that the BASS 
system would need to be installed and firewalled from other BOEM computer systems, much as 
NOAA does for its public-interfaced servers. This may be problematic for BOEM or other agencies 
that are not currently set up to operate public-interfacing servers in that mode. 

4.	 The OSU hosting option frees the project funder, BOEM, from managing the installation, 
maintenance, and troubleshooting responsibilities. 

5.	 Hosting at OSU also provides a cleaner path for keeping both the scientific models and their 
input datasets up to date and in sync, as well as for interfacing with the academic community 
from which improvements to the specific models are likely to originate. 

5. SCIENTIFIC MODEL DATA AND DATA ACCESS 
It should be noted that access to model descriptions, metadata, input GIS layers, and resultant GIS 
layers should not and does not depend on the hosting choice above. BOEM will have access to BBN 
models, inputs, and outputs under any of the above hosting scenarios chosen. 

Access to Bayesian Belief Network Models 
BBN Scientific Measure Models are currently in their Version 1.0 state (at project completion). We plan 
the models under version control in a subversion repository. BOEM personnel can “check out” a 
model over the internet (a download) using a variety of free tools (including the Tortoise SVN Client 
that integrates well with windows). This version-controlled repository allows for the models to be 
modified as needed while keeping a clean version history intact. BOEM or BASS users may also 
examine a description of the models at the Model Description web page.1 

Access to BBN Scientific Measure Model Inputs 
BBN Scientific Measure Model Inputs are GIS datasets. The complete suite of GIS layers is served 
through the BASS Display Port. Any user with an internet connection can view and query input data 
through this interface. We have also created a map document (identical to the layout seen in the 
viewport) for download.2 The map document contains full copies of all input datasets. This document 
will also be version controlled to capture any version history related to model development and 
special projects. 

1 http://bass.coas.oregonstate.edu/Model_Descriptions/ 

2 http://bass-viewer.coas.oregonstate.edu/bass/ 
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