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Abstract
This report provides an evaluation of 24 computer-aided systems deemed by the authors to have merit in supporting management decision-making in forest ecosystems.  It provides comparative information on the scope of each system, spatial capabilities, computational methods, development status, input and output requirements, user support availability, and system performance.  Questionnaire responses from the DSS developers (who have sole responsibility for their content) provide the basis for four tables comparing system capabilities, and are also presented verbatim for reference.  This evaluation is intended to aid potential users of decision support systems in determining which system most closely fulfills their needs, and to highlight opportunities for future DSS development.

Keywords:  geographic information systems, optimization, heuristics, artificial intelligence, simulation modeling

Authors:  Todd Mowrer is a research forester at the Rocky Mountain Forest and Range Experiment Station, Fort Collins, Colorado, and served as Team Leader for the ad hoc Decision Support System Task Team that developed this document.  Though team members are listed alphabetically, all are considered equal co-authors.  Klaus Barber is a Systems Analyst, Land Management Planning, Pacific Southwest Region.  Joe Campbell is an Information Specialist and Liaison to Ecosystem Management Strategy Study, Rocky Mountain Region.  Nick Crookston is a Operations Research Analyst, Intermountain Research Station.  Cathy Dahms is in Ecosystem Management Planning, Southwestern Region.  John Day is a GIS/Economist/Analyst, Alaska Region.  Jim Laacke is a Science Team Leader, Pacific Southwest Forest and Range Experiment Station.  Jim Merzenich is a Regional Planning Analyst, Pacific Northwest Region.  Steve Mighton is a Regional Wildlife Biologist for Threatened and Endangered Species, Eastern Region.  Mike Rauscher is a Research Scientist, Southern Research Station.  Keith Reynolds is a Research Pathologist, Pacific Northwest Research Station.  Rick Sojda is a Wildlife Biologist with the National Biological Service.  Joyce Thompson holds an Interdisciplinary position, Washington Office Ecosystem Management Planning.  Peter Trenchi works in Ecosystem Management Research/GIS, Ouachita National Forest, Southern Region.  Mark Twery is a Research Scientist, Northeastern Forest Experiment Station

This document is the product of an ad hoc task team of the Interregional Ecosystem Management Coordination Group (IREMCG) which consists of Deputy Regional Foresters and Assistant Station, Laboratory, and Area Directors from throughout the Forest Service.  

Table of Contents
Topic                                                                                                                                                   
Introduction

Questionnaire description

ArcForest

ARGIS

CRBSUM

EMDS

FireBGC

FVS

GypsES

IMPLAN

INFORMS

KLEMS

LANDIS

LOKI

MAGIS 

NED

RELMdss

SARA

SIMPPLLE

SNAP

SPECTRUM

TEAMS

Terra Vision

UPEST

UTOOLS

Woodstock

PREFACE

The Interregional Ecosystem Management Coordination Group (IREMCG) consists of Deputy Regional Foresters and Assistant Station, Laboratory, and Area Directors meeting together to foster development of a comprehensive corporate strategy for ecosystem management.  In order that different regions reflect a common overall approach to ecoregional-scale assessments, appropriate corporate data and analytical procedures must be available throughout the Agency.  Within broad-scale assessments, coherence must be maintained across many interrelated component analyses at multiple temporal and spatial scales.  Decision support systems assist natural resource managers in this process.  As part of the overall IREMCG effort, an ad hoc task team consisting of decision support system users and developers from throughout the Forest Service was assembled.  The team met in October and November, 1995, and compiled a list of 48 questions to evaluate existing decision support systems in an ecosystem management context.  This questionnaire was distributed to developers of twenty-four decision support systems, developed in the government, academic, and private sectors, and recognized by the team as being potentially valuable for ecosystem management activities within the Agency.  The results of these questionnaires are presented here.  Through their combined efforts, each member of the Task Team is credited as an equal co-author of this document.  This evaluation is intended to assist current and potential users of decision support systems in determining which existing system most closely fulfills their needs.  It is also intended to encourage cooperation among developers of decision support systems to more efficiently unify and fulfill these criteria in future systems.
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INTRODUCTION

The complexity of making coherent, integrated, and interdependent ecosystem management (EM) decisions challenges human capabilities.  These decisions must be legally defensible, while simultaneously anticipating responses and feedback mechanisms between biota and their environment at multiple temporal and spatial scales, accounting for biophysical, social, and economic considerations, and resolving conflicts between special interest user groups (to name a few)! Responsible ecosystem management requires an underlying knowledge of ecosystem form and function, the accumulation of qualitative and quantitative information to adapt these conceptual models to a management locale, and the selection of appropriate management options that in some manner optimize the (often conflicting) decision criteria.  

Over the past three decades, computer-based information systems have sought to alleviate this burden, even as it developed, through “interactive computer-based systems that help decision makers utilize data and models to solve unstructured problems” or decision support systems (Sprague and Carlson, 1982).  Decision support systems (DSS) may be interpreted so loosely as to include any system that supports a decision in any way, or so strictly that no system fully satisfies this generic definition.  In natural resources, DSS’s have evolved to encompass multi-component systems that include various combinations of simulation modeling, optimization techniques, heuristics and artificial intelligence techniques, geographic information systems (GIS), associated databases for calibration and execution, and user interface components (Stock and Rauscher, 1996).  Each of these six components may to some degree individually satisfy Sprague and Carlson’s generic DSS definition.  However, in the current study we have tried to review systems that fit this multi-component definition in its entirety, thereby limiting the number of relevant systems.  (By comparison, see Schuster et al., 1993 for a compendium of 250 analytical tools for planning at the National Forest level.)  

Given the complexity of decision criteria stated above, it is unlikely that a short, simple definition could adequately characterize DSS characteristics necessary for EM.  The primary accomplishment of the DSS task team was to develop and distribute a questionnaire to evaluate DSS tools for their potential to support ecosystem management decisions.  Through this questionnaire, DSS capabilities for EM are defined.  We sought to define the unique EM aspects of the “unstructured problem” in the Scope and Capabilities and the Spatial Issues sections of the questionnaire.  The questions in these two sections can be interpreted as an extended definition of the issues a DSS must address to be useful for ecosystem management.  To further complete the generic DSS definition above, the “data and models” that must be utilized for EM are described in the Inputs/Outputs and Computational Methods sections.  The “interactive computer-based” support necessary to tie all these together are delineated in the Basic Development and Status, the User Support, and the Performance sections.  Tables 1 through 4 provide a quick reference for comparing system capabilities.  In order to formulate these tables, a limited degree of interpretation of the developers’ answers was required.  Do not rely solely on these Tables, but also read and compare the individual questionnaire responses.  Brand names are used solely for the convenience of the reader and do not indicate any endorsement, expressed or implied.
QUESTIONNAIRE DESCRIPTION

The questionnaire was distributed by members of the Task Team to developers of 15 Agency, six academic or non-profit, and three commercial decision support systems.  The Task Team labored to word each question to minimize misinterpretations, and developers were allowed to review their responses in the context of the entire document.  However, there still remains a potential for differing levels of comprehension.  Each DSS developer evaluated their own product, provided the text of the response presented here, and has sole responsibility for its content.  This approach had advantages in terms of timeliness and efficiency, but also an inherent disadvantage in terms of subjectivity and possible bias.  The questionnaire and associated descriptions should be read with these caveats in mind.  The verbatim responses in this document have only been edited to provide a common appearance and format to ease comparisons between systems..  Any listed prices are in 1996 U.S.  dollars

It is also recommended that the reader correlate and compare the responses within the questionnaire for a particular DSS tool.  The desirable capabilities presented in one section may be offset by practicalities (e.g., the current level of system development, required user expertise, or computer requirements) presented in other sections.  Tables 1 through 4 provide an interpreted comparison of the capabilities of these DSS’s in matrix format.  They may be useful for comparison of overall capabilities and selection of a few DSS tools for a more complete evaluation.  A critical reading of questionnaire responses for these tools is necessary for an informed DSS selection.

Scope and Capabilities
As described above, the scope and capabilities section reflects the ability of the DSS to provide support in decision areas unique to EM.  The explicit capability to comply with National Environmental Policy Act (NEPA) regulations are addressed in question 4.  While several DSS’s may address these if properly formulated, this question is intended to single out those with explicit capabilities to aid in fulfilling NEPA requirements.  Question 5 only deals with individual scales at which the DSS can operate, and does not address the ability to function at multiple scales simultaneously.  Responses to question 5 need to be read carefully and correlated with responses to question 17 regarding multi-scale interactions.  Those systems for which scale is indicated as being “data dependent” are capable of operating at any scale implicit in the user’s data.  Those for which individual spatial scales are indicated, are specifically designed to operate at those scales.  Temporal scales or time-steps are not specifically addressed because relatively few systems involve temporal simulation.  If used, the time step should match with scale and overall context.  

In this document, “ecoregion” is used generically to mean coarser spatial aggregations, e.g.  section or province (Bailey et al., 1994).  The term “region” was avoided because of confusion with Agency administrative units.  Regionally specific calibration (question 6) asks if there are coefficients embedded in the DSS that have been calibrated to a specific locale, and that would require re-calibration if the DSS is applied elsewhere.  Answers to question 6 should be correlated with question 37 regarding coefficients or knowledge bases.  Question 7 seeks to highlight DSS’s with the capability to deal with social, economic, and biophysical aspects explicitly, though an ability to do so either indirectly (implicitly) or through proper formulation is also indicated.  While all DSS’s require some indication of current conditions for initialization, questions 8 and 9 ask whether they are further analyzed in some manner.  Question 10 asks if the DSS easily provides for the comparison of alternative scenarios, or if the DSS must be separately initialized for each.  For example, alternative comparisons would be facilitated by the ability to generate a series of reports by automatically incrementing a parameter through a predetermined range.  Question 10 should be evaluated in conjunction with question 16 regarding spatial alternatives, and question 47 regarding sensitivity analysis.  Results from virtually any DSS can be displayed on a projection device and used to display a previously prepared decision scenario to a public gathering.  However, question 11 asks whether the DSS is designed to interact in real-time with public participation (“what if...” interactions, for example), and whether the DSS has capabilities to display these alternative comparisons to aid in the evaluation of trade-off’s.  Question 12 deals with the capability of the DSS to aid in building group consensus through some mechanism such as facilitated interaction.  Question 13 is intended to determine if the DSS has the capability to assist monitoring activities.  An example of this would be to hold projected or expected values in the database and compare these with actual data, usually obtained at a later date and subsequent to a management activity.  Question 14 asks if the DSS tool is capable of working interactively across multiple locations simultaneously (e.g.  through a shared database).  The DSS would thereby help ensure coherent sets of tactical decisions at a finer spatial scale with regard to aggregated effects on strategic goals at a coarser scale (e.g., ecoregional level).

Spatial Issues
This section involves some of the most complex and difficult questions.  The Task Team concluded that the ability to assist and support decisions, not simply in a spatial context, but at multiple spatial scales simultaneously, is a critical element in successful ecosystem management.  Question 15 asks if the system has unique and useful spatial analysis tools.  While any DSS that includes a fully functional GIS fulfills this criteria at a basic level, the question further seeks to elucidate systems that have more sophisticated spatial analyses.  Such systems can help assess the juxtaposition of multiple ecosystem components.  Examples of this would be the ability to calculate spatial statistics, pattern analyses, or metrics of landscape structure.  This capability aids in making meaningful comparisons between different ecosystem components within a particular scale, and in performing spatial analyses on the same component occurring at multiple scales.  Question 16 specifically addresses analysis of spatial alternatives (question 10 is more generic).  Systems that have the capability to analyze and display multiple spatial alternatives fulfill the basic requirement.  

Question 17 is a key question for EM:  can the system take into account data and analyses occurring simultaneously at several other scales when supporting a decision.  Few, if any, systems address the full complexity of this issue, though many have simple abilities to aggregate from one scale (e.g., individual tree) to another (e.g., stand averages).  When interpreted as requiring that the system maintain coherence over multiple interacting and interrelated activities at multiple scales, this becomes a very difficult criterion to fulfill.  An ideal system fulfilling the intent of both questions 14 and 17, could integrate the ongoing effects, say on sedimentation, of multiple site-level projects occurring throughout all the Districts within the major watershed draining the entire ecoregion.  This capability could be extended to multiple scales, to account for contributions (to sedimentation, for example) at intermediate scales ensuring compliance at these levels, also.  

Question 18, regarding scale-appropriate support, is similarly complex.  The ability to provide prescriptive, allocative, and policy decision support and advice at multiple scales is also very difficult to fulfill in more intricate management scenarios.  Question 19 asks how data are moved between scales.  In the example of individual tree data, simple aggregation works well for absolute numbers of stems or total biomass, for example.  Transformations may be complex, however, in the case of the point pattern of tree characteristics within a stand, versus the distribution of equivalent stand characteristics across a landscape.

Basic Development and Status
This section deals with the straightforward description of the level of completion, costs, hardware and software sophistication, and widespread use of systems.  Question 20 separates out those systems that are fully complete to those in developmental stages.  It does not address the need to calibrate particular sub-models, processes, or knowledge bases to particular locales, however (see questions 6 and 37).  This may require substantial investment before the system will be fully functional in a different location.  Question 21 provides potential contacts with those who have successfully used the system.  Question 22 deals with the platforms (both operating systems and hardware) required to support the system.  It is particularly useful for determining systems that can run on a personal computer, versus those that require the resources of a workstation.  Questions 23 and 24 ask if additional hardware or software costs must be incurred to operate the DSS.  For DOS-based personal computers, this would consist of items in additional to a basic or generic configuration.  This may be relatively inexpensive:  upgrading the system memory or disk storage, for example.  Some DSS require the purchase of a particular piece of vendor-specific software because this software provides the analytical engine for the DSS, e.g., optimization.  Depending on the software, license fees can be expensive, however, so detailed inquiry is worthwhile.  On-going maintenance costs (question 25) deals primarily with yearly maintenance costs for licensed software.  In systems developed in the private sector, this may be for the DSS software itself.  In other systems, it may be fees for component software.  Question 26 generally asks whether the system is static and complete, or whether future enhancements to functionality are planned.  Question 27 generally deals with the complexity of learning the system:  whether the end user can operate the system, whether it requires some degree of sophistication or specialization (in computer systems or GIS, for example), or whether it requires outside assistance to develop an application and run analyses.  The relative availability and economic advantage of within-Agency expertise versus external contracted expertise should be considered.  Question 28 asks whether the system operates exclusively on Agency databases, or whether the database is generic (non-Agency dependent).  (See also questions 22, 31, and 33).

Inputs and Outputs
This section describes the types of input data required to initialize the system, what sorts of internal calibration data may be required, and the types of outputs the system will produce.  Question 29 asks if the system can import or export any accepted database format widely used by software packages (see also question 33).  Question 30 asks if the user can define the format of input data and outputs.  This feature helps minimize re-formatting of existing data.  Question 31 attempts to determine if the system requires that new data be collected, or whether it will run on data that has been collected in the course of Agency business, or perhaps exists elsewhere in the public domain.  The former would imply that some degree of data collection must be initiated to utilize the system.  Examples of the latter includes Stand Exam data used to evaluate current forest stand conditions and to project future stand development.  Question 32 asks if the system will operate without complete data.  Many systems will not operate unless all error checking procedures in the input routines are satisfied.  More sophisticated systems may attempt to substitute generic values or to provide some degree of interpolation across missing values.  These systems usually provide an indication of the limitations of recommendations based on incomplete data.  Question 33 again addresses Agency compatibility, to the extent that the system will import or export directly to Oracle or Arc/Info data formats.  Question 34 asks if the system has internally coded routines to display graphical outputs such as simple graphs and bar charts or more sophisticated maps and scientific visualization techniques.  Systems that simply provide outputs that feed displays by other graphical software packages would therefore not qualify.  Question 35 asks for descriptions of the tabular reports provided, if any.  Question 36 deals with the degree to which the output is interpreted by the system.  Systems with knowledge-based components are generally more amenable to providing interpreted outputs.  Question 37 addresses internal coefficients or knowledge bases within the system:  are they fixed (“hard coded”) within the system, must they be user defined, or may they be changed at the user’s option (see also question 6).  Coefficients or knowledge bases that must be provided by the user may incur additional hidden costs for data collection and calibration.

User Support
This section gauges the degree and sophistication of the assistance provided the user for implementing and operating the system.  Question 38 indicates if some level of formal training is available.  Sophistication and cost of these sessions vary widely.  A full level of training support might consist of formal training sessions offered at least annually, with established course materials.  Telephone “hot-line” support is the most common form of user support indicated by Question 39.  This may vary from access to full-time personnel trained specifically for the task, to catching the system developer in their office.  On-line support within the system generally involves some sort of “help” feature, either through “pop-up” windows, or other forms of documentation available electronically on the computer platform.  An activity log (Question 41) keeps track of the commands and system responses throughout a session, while tracking data lineage may be very useful for complex spatial analyses involving the creation and interaction of many spatial data sets during a session.  The explanation facility in Question 42 is most often provided in knowledge-based systems, often through “hyper-text” windows that allow analytical procedures and lineages to be explained and formally documented in a hierarchical context.  User and support manuals, indicated in Question 43, are the most basic and universally accepted type of user support.

Performance
System performance is primarily addressed by the actual length of time it takes the system to perform a “typical” analysis.  Answers to question 44 may also indicate a range of times, depending on the sophistication of the analysis.  Similarly, the length of time required to set up an application in question 45 may have a range of answers, depending not only on the complexity of the analysis, but on the type and quality of the data available.  It should be noted that user sophistication and data quality, have a great affect on the variability in start-up time to initiate an analysis with a particular DSS.

Computational Methods
A DSS may utilize one or more methods to arrive at system recommendations.    Deterministic simulation provides a single consistent value when the same decision process is repeated.  Stochastic simulation provides different values that range across a distribution of possible outcomes.  Optimization techniques usually compute the local or global minimum or maximum value of some function or relationship, subject to various constraints.  Inductive reasoning, fuzzy logic, knowledge-based, or symbolic reasoning are all generally classified under artificial intelligence techniques, and provide methods for dealing with qualitative information, not amenable to traditional numerical techniques.  Question 46 asks for a list of these techniques as utilized by the system.

The well engineered DSS should also provide an indication of the reliability of the projected result or recommendation (question 47).  Accuracy assessment is generally associated with the categorical or numerical accuracy of classified or sampled input data.  How this inherent uncertainty in input values propagates through the decision support analysis and how internal uncertainties in calibrated coefficients or knowledge bases affects system reliability is dealt with through error propagation techniques.   In artificial intelligence techniques general uncertainty assessment may occur on an ad hoc basis through computation of “certainty factors” intended to gauge the certainty of a basic datum or outcome, or through more rigorous methods, such as Bayesian statistics.  Uncertainty and risk assessments have in the past been associated with single-factor types of analyses, such as toxic waste studies.  The multi-factor spatial and temporal aspects of EM decisions compounds the complexity of risk analysis and has not been well addressed to date.  Sensitivity analysis is the simplest form of uncertainty assessment and generally involves randomly or systematically varying a single parameter, while measuring the effect on the final outcome (with all other factors held constant).  

Question 48 asks for specific capabilities or strengths that are not covered by the previous 47 questions.

Conclusions
At least one of the systems evaluated fulfills each criterion at some level of complexity.  Multi-scale interactions (question 17) and distributed processing (question 14) are key issues for biophysical aspects of EM, but are not comprehensively addressed by any of the systems evaluated.  The ability to address social and economic issues lags far behind biophysical issues, and leaves the question of simultaneously addressing all three to future development.  Many questions regarding appropriate mechanisms for aggregating and transforming data between scales remain unanswered, also.  Consensus building remains a high priority in developing EM scenarios, but is well addressed by only one of the systems which is highly dependent on trained facilitation personnel.  While all of these issues may be addressed with some degree of success by different systems, no single system addresses all questions with even average success.  Should a single DSS attempt to address all of these questions successfully?  Perhaps not, however questions five through nineteen delineate a general set of goals for systems to strive towards through innovative research, efficient development, and pragmatic consolidation.
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Table 2.  Spatial Issues (15-19) and Basic Development and Status (20-28).

	
                   Decision

                         Support

                               System

                                     Name

 Evaluation Criteria


	A

R

C

F

O

R

E

S

T
	 A

 R

 G

 I 

 S
	 C

 R

 B

 S

 U

 M
	 E

 M

 D

 S
	 F

 I

 R

 E 

 B

 G

 C
	 F

 V

 S
	G

Y

P

S

E

S
	I

M

P

 L

A

N
	 I

 N

 F

 O

 R

 M

 S
	 K

 L

 E

 M

 S
	 L

 A

 N

 D

 I

 S
	L

O

K

I
	 M

 A

 G

 I

 S
	 N

 E

 D
	 R

 E

 L

 M

 D

 S

 S
	 S

 A

 R

 A
	 S

 I

 M

 P

 P

 L

 L

 E
	 S

 N

 A

 P
	 S

 P

 E

 C

 T

 R

 U

 M
	 T

 E

 A

 M

 S
	 T

 E

 R

 R

 A

 V

 I

 S.
	 U

 P

 E

 S

 T


	 U

 T

 O

 O

 L

 S
	 W

 O

 O

 D

 S

 T

 O

 C

 K

	15)  Analytical/Spatial Relationships
	X
	
	
	X
	X
	
	X
	
	X
	X
	X
	V*
	X
	
	X
	X
	X
	X
	X
	
	X
	V*
	X
	

	16)  Spatial Alternatives
	X
	X
	X
	X
	X
	
	X
	
	X
	
	X
	V*
	X
	
	X
	X
	X
	X
	
	
	X
	
	X
	

	17)  Multiscale Interactions
	
	
	
	
	X
	X
	
	
	
	
	
	V*
	
	
	X
	X
	X
	
	X
	
	X
	
	
	X

	18)  Scale-appropriate Support
	
	
	
	X
	
	
	X
	
	X
	
	
	V*
	
	X
	V*
	V*
	
	V*
	
	
	
	
	
	

	19)  Spatial Transformation (T),

       Aggregation (A), or Both (B)
	
	
	A
	T
	A
	B
	A
	
	V*
	T
	A
	V*
	
	B
	B
	A
	B
	
	
	B
	V*
	
	
	

	20)  Status:  Conceptual/Prototype
	
	
	
	X
	
	
	
	
	
	
	
	X
	
	
	
	
	X
	
	
	
	
	
	
	

	                     Partially Operational
	
	X
	
	
	
	
	
	
	
	
	
	
	X
	X
	
	
	
	
	
	
	
	
	
	

	                     Fully Operational
	X
	
	X
	
	X
	X
	X
	X
	X
	X
	X
	
	
	
	X
	X
	
	X
	X
	X
	X
	X
	X
	X

	21)  Successful Current Users
	X
	X
	X
	
	
	X
	X
	X
	X
	X
	
	
	X
	X
	X
	X
	X
	X
	X
	
	X
	
	X
	X

	22)  Platform:  Workstation/UNIX
	X
	
	X
	
	X
	X
	X
	
	X
	X
	X
	X
	
	
	
	
	X
	
	
	
	B*
	
	
	

	                         Personal Computer
	
	X
	
	X
	
	X
	
	X
	
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	B*
	X
	X
	X

	23)  Additional Hardware Required
	X
	X
	X
	X
	X
	
	X
	
	
	
	
	
	
	
	
	X
	
	
	
	
	X
	
	
	

	24)  Additional Software Costs
	X
	X
	
	X
	
	
	
	
	
	X
	X
	
	X
	
	X
	X
	X
	
	X
	X
	X
	X
	X
	X

	25)  On-going Maintenance Costs
	X
	X
	
	
	
	
	
	
	
	
	
	
	X
	
	
	
	
	
	
	
	X
	
	
	

	26)  Development/Enhancements
	X
	X
	
	X
	X
	X
	X
	
	X
	
	X
	V*
	X
	X
	X
	
	X
	X
	
	
	X
	
	
	

	27)  High Learning Curve
	
	X
	X
	
	X
	V*
	
	
	
	
	X
	V*
	
	
	
	X
	
	
	
	
	X
	
	
	

	28)  Agency Database Independence
	X
	X
	X
	X
	X
	X
	X
	X
	
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X


(*V varies by user application, *B requires both computer platforms.)

Table 3.  Inputs/Outputs (29-37), and User Support (38-43).

	
                   Decision

                         Support

                               System

                                     Name

 Evaluation Criteria


	A

R

C

F

O

R

E

S

T
	 A

 R

 G

 I 

 S
	 C

 R

 B

 S

 U

 M
	 E

 M

 D

 S
	 F

 I

 R

 E 

 B

 G

 C
	 F

 V

 S
	G

Y

P

S

E

S
	I

M

P

 L

A

N
	 I

 N

 F

 O

 R

 M

 S
	 K

 L

 E

 M

 S
	 L

 A

 N

 D

 I

 S
	L

O

K

I
	 M

 A

 G

 I

 S
	 N

 E

 D
	 R

 E

 L

 M

 D

 S

 S
	 S

 A

 R

 A
	 S

 I

 M

 P

 P

 L

 L

 E
	 S

 N

 A

 P
	 S

 P

 E

 C

 T

 R

 U

 M
	 T

 E

 A

 M

 S
	 T

 E

 R

 R

 A

 V

 I

 S.
	 U

 P

 E

 S

 T


	 U

 T

 O

 O

 L

 S
	 W

 O

 O

 D

 S

 T

 O

 C

 K

	29)  Import/Export Database Files
	 
	
	
	X
	
	 
	X
	X
	X
	X
	X
	V*
	X
	X
	X
	X
	
	X
	X
	
	X
	X
	X
	X

	30)  User-designed inputs
	
	X
	X
	
	
	
	
	X
	X
	
	
	V*
	X
	X
	
	X
	
	
	X
	
	
	X
	X
	X

	31)  Data Required:  Current  Data (C), New Data (N), Requires Both (B),  or Runs with Either (E)
	E
	E
	N
	B
	N
	E
	B
	B
	E
	E
	B
	V*
	N
	E
	E
	E
	B
	E
	E
	E
	E
	C
	C
	E

	32)  Run with incomplete data
	
	
	
	X
	
	X
	X
	
	V*
	
	X
	V*
	
	X
	
	
	
	
	X
	
	
	
	
	

	33)  Directly to Arc/Info and Oracle
	X
	
	
	
	
	
	
	
	O*
	X
	A*
	V*
	X
	
	
	
	
	
	X
	
	X
	
	X
	

	34)  Internal Visualization Graphics
	X
	X
	
	X
	
	
	X
	
	V*
	
	
	V*
	
	X
	X
	X
	
	X
	
	
	X
	
	X
	X

	35)  Report Generation
	X
	
	X
	X
	X
	X
	X
	X
	V*
	X
	X
	V*
	X
	X
	X
	
	X
	X
	X
	X
	X
	X
	X
	X

	36)  System-interpreted Outputs
	
	
	
	X
	
	
	
	
	
	
	
	V*
	
	
	
	
	X
	
	
	
	
	
	X
	

	37) Coefficients or Knowledge Bases

Fixed (F), User-defined (U), Both(B)
	
	
	B
	B
	
	B
	B
	B
	B
	U
	U
	V*
	U
	B
	
	
	U
	
	F
	B
	U
	F
	B
	U

	38)  Training Available
	X
	
	
	
	
	X
	X
	X
	
	X
	
	
	
	
	X
	X
	
	X
	X
	
	
	
	
	X

	39)  User Support
	X
	
	
	
	X
	X
	X
	X
	X
	X
	
	
	
	X
	X
	X
	
	X
	X
	X
	
	X
	X
	X

	40)  On-line Help within System
	X
	X
	
	X
	
	
	X
	
	
	X
	
	
	X
	X
	
	
	
	
	X
	
	
	
	X
	

	41)  Activity Log or Data Lineage
	
	X
	
	X
	X
	X
	X
	X
	X
	X
	
	V*
	X
	X
	X
	
	X
	X
	X
	X
	X
	
	
	X

	42)  Explaination Facility*
	
	
	
	X
	
	
	X
	
	X
	X
	
	V*
	
	
	
	
	
	
	
	
	
	
	
	

	43)   User and Support Manuals
	X
	
	X
	
	X
	X
	X
	X
	X
	
	
	
	
	X
	X
	X
	
	X
	X
	
	
	
	X
	X


(*Explaination Facility applies primarily to knowledge-based systems,  *O Oracle database only, *A Info database only, *V varies by application)

Table 4.  Performance (44,45) and Computational Methods (46, 47)

	
                   Decision

                         Support

                               System

                                     Name

 Evaluation Criteria


	A

R

C

F

O

R

E

S

T
	 A

 R

 G

 I 

 S
	 C

 R

 B

 S

 U

 M
	 E

 M

 D

 S
	 F

 I

 R

 E 

 B

 G

 C
	 F

 V

 S
	G

Y

P

S

E

S
	I

M

P

 L

A

N
	 I

 N

 F

 O

 R

 M

 S
	 K

 L

 E

 M

 S
	 L

 A

 N

 D

 I

 S
	L

O

K

I
	 M

 A

 G

 I

 S
	 N

 E

 D
	 R

 E

 L

 M

 D

 S

 S
	 S

 A

 R

 A
	 S

 I

 M

 P

 P

 L

 L

 E
	 S

 N

 A

 P
	 S

 P

 E

 C

 T

 R

 U

 M
	 T

 E

 A

 M

 S
	 T

 E

 R

 R

 A

 V

 I

 S.
	 U

 P

 E

 S

 T


	 U

 T

 O

 O

 L

 S
	 W

 O

 O

 D

 S

 T

 O

 C

 K

	44)  Analysis Run Time:
	
	
	
	
	
	
	
	
	
	
	
	V*
	
	
	
	
	
	
	
	
	
	
	V*
	

	                 Less than 60 Minutes
	X
	X
	
	X
	
	X
	X
	X
	X
	X
	
	
	
	X
	X
	X
	X
	X
	X
	X
	
	X
	
	X

	                 Less than 24 Hours
	X
	
	
	
	X
	X
	
	X
	
	
	X
	
	X
	
	
	
	
	
	
	X
	X
	
	
	

	                 Several Days
	
	
	X
	
	
	
	
	
	
	
	
	
	X
	
	
	
	
	
	
	
	
	
	
	

	45)  Data set-up for an application:
	
	
	
	
	
	
	
	
	
	
	
	V*
	
	
	
	
	
	
	
	
	
	
	
	V*

	                 Hours
	
	
	
	
	
	X
	
	X
	X
	
	X
	
	
	X
	X
	
	
	
	
	
	
	
	X
	

	                 Days
	
	
	
	X
	
	
	X
	X
	
	X
	
	
	X
	X
	
	
	X
	X
	
	
	
	X
	X
	

	                 Weeks
	
	X
	
	
	
	
	X
	X
	
	
	
	
	
	
	
	
	X
	X
	X
	
	X
	
	
	

	                 Months
	
	X
	X
	
	X
	
	
	
	
	
	
	
	
	
	
	
	X
	
	X
	
	X
	
	
	

	46)  Modeling Techniques:
	
	
	
	
	
	
	
	
	V*
	
	
	V*
	
	
	
	
	
	
	
	
	
	
	
	

	                 Simulation
	
	
	
	
	X
	X
	X
	X
	
	X
	X
	
	
	X
	
	X
	X
	
	X
	
	X
	X
	X
	X

	                 Optimization
	
	
	
	
	
	
	
	
	
	
	
	
	X
	 
	X
	X
	
	
	X
	X
	X
	
	
	X

	                 Knowledge-Based
	
	
	
	
	
	X
	X
	
	
	X
	
	
	
	X
	
	
	X
	X
	
	
	
	
	X
	

	                 Fuzzy Logic
	
	
	
	
	
	
	
	
	
	X
	
	
	
	X
	
	X
	
	
	
	
	
	
	
	

	47)  Explicit System Evaluation of:
	
	
	
	
	
	
	
	
	
	
	
	V*
	
	
	
	
	
	
	
	
	
	
	
	

	                 Accuracy of Estimates
	
	
	
	
	
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	                 Error Propagation
	
	
	
	
	
	X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	                 Uncertainty and Risk
	
	
	
	
	
	X
	
	
	
	
	
	
	
	
	
	
	X
	
	X
	
	
	
	
	X

	                 Sensitivity Analysis
	
	
	
	
	
	
	X
	
	
	
	
	
	
	X
	
	X
	
	
	X
	
	
	
	
	X


(*V varies by user application)
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