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ABSTRACT. The Pacific Northwest Research Station (USDA Forest Service) is developing a
knowledge-based information management system to provide decision support for watershed anaysis in the
Pacific Northwest region of the U.S. The decision support system includes: (1) a GIS interface that allows
users to graphically navigate to specific provinces and watersheds and display a variety of themes (vegetation,
streams, roads, topography, etc.) and other area-specific information (relevant regulations, existence and
location of analyses, plans, etc.), (2) an analysis component that helps identify magjor concerns and the
hierarchies of associated ecosystem processes requiring analysis, and assists the user in selecting an
appropriate subset of analyses and in identifying and prioritizing data requirements and their sources, (3) a
report manager that displays the history, status, and details of analyses, and that documents the analysis
process, (4) a project manager that assists with planning and monitoring of data acquisition, and (5) a
hypermedia system that provides powerful navigation tools for accessing information in various policy and
procedure documents.

The core of the system is the analysis component which contains dependency networks that link
problem-solving knowledge about concerns, ecosystem processes, and data to specific landscape units. The
goa dependency approach provides a scientifically sound method for determining data requirements, as well as
a basis for prioritizing, acquiring, and evauating information for watershed analyses. An initial set of concerns
that comes from the public participation process expands into a more complete set of concerns that reflects
underlying ecological associations. This network approach thus explicitly accounts for both public values and
ecological processes.

| NTRODUCTI ON

This is the first in a series of papers, docunenting our object-oriented
approach to analysis and design of a know edge-based i nfornmation

managenent system that provides decision support for forest ecosystem
managenent. Because this is the seninal paper in the series, it is useful to
first provide sone historical perspective

H storical Perspective

The current trend anpng resource nmanagenent agencies toward

application of ecosystem managenent concepts has gradually evol ved
through the process of public debate on resource use over the past 35
years, beginning with the rise of the environnental novenent in the early
1960s and the conconmitant increase in a sense of public responsibility for
the environnent (Caldwell et al. 1994). In the late 1960s and 1970s, a
flurry of environnental legislation in the United States (Nationa
Environnental Policy Act, Endangered Species Act, National Forest
Managerment Act, and others) ensued. Increasing denands on manhagers to
address conpl ex, often contradictory laws and regul ations in planning
docunent s taxed managenent capabilities. At the same tine, grow ng

public distrust and dissatisfaction with managenent of public |ands was
evidenced by increasingly frequent |egal challenges to resource
managenent by Federal agencies. In the Pacific Northwest, events
culmnated in a series of legal challenges to Forest Service managenent
policy with respect to the northern spotted owl (the so-called Dwer
decisions, Caldwell et al. 1994) and a series of reports sponsored by the
agency (Johnson et al. 1991, Thonms et al. 1990, Thonas et al. 1993).

The net effect was to bring forest managenent on Federal land in the
Pacific Northwest to a virtual standstill by 1992,



Presi dent Cinton convened the Forest Conference in Portland in April

1993 in an attenpt to bring all concerned parties together and try to break
the gridlock on forest resource nmanagenent in the region. The Forest
Ecosyst em Managenent Assessnent Team ( FEMAT) was comnri ssi oned

shortly thereafter.

Inits instructions to the FEMAT, the Forest Conference Executive
Committee stated that the teaml s objectives were to identify managenent
alternatives that “attain the greatest econom c and social contributions
fromthe forests” consistent with neeting “the requirenents of the
applicable laws and regulations. . .” (Thonas 1994).

The FEMAT Report (FEMAT 1993) was issued in July 1993. Despite

many detractors, the FEMAT process has produced the npbst concrete and

t horough statenent to date of what is required of ecosystem managenent
(USDA Forest Service and USDI Bureau of Land Managenment 1994). The

St andards and Gui del i nes, published as an attachnment to the latter Record
of Decision, define a variety-of land allocation types, prescribe detailed and
speci fi c managenent procedures for them and establish an aquatic
conservation strategy with particul ar enphasis on nanagenent of riparian
areas. Soon after publication of the FEMAT Report, the Regi onal

I nteragency Executive Committee (RIEC, since superseded by the

Regi onal Ecosystem O fice) was conmni ssioned to oversee inplenentation

of what has cone to be known as the Presidents Pl an.

Ni net een wor ki ng groups were established under the direction of RIEC to
handl e vari ous aspects of inplenenting the President,s Plan, including, for
exanpl e, working groups on research and nonitoring, information

managenent, watershed analysis, adaptive managenent areas, and the
adaptive management process per se. A group conspicuously missing from

the RIEC working groups, however, was a system design group wth
responsibility to fit all the pieces together into a coherent system for
analysis, planning, and nmanagenent.

Early Team Activity

The ecosystem nanagenent deci sion support (EMDS) design team of the
Pacific Northwest Research Station (U.S. Department of Agriculture,
Forest Service) was organi zed in Novernber 1993 to begin devel oping a
prot ot ype deci sion support system (DSS) for ecosystem nmanagenent. W
first met as a teamin February 1994. Team nenbers had previously

revi ewed the FEMAT Report and nunerous working group reports to

RI EC as background material. Qur initial task was to determ ne what
aspects of decision support for ecosystem managenent coul d benefit nost
from the application of decision support technologies, given the basic
expect ations of ecosystem nanagenent (USDA Forest Service 1992), the
current state of conceptual devel opnment of an ecosystem nmanagenent
process (FEMAT 1993), and current technol ogical capabilities for

i mpl enmenting such a process.

Focus on watershed anal ysis

Wat er shed anal ysis energed as a particularly pronising area for

devel opnent. The FEMAT Report clearly identified watershed analysis as a
key conmponent of the ecosystem managenent process, and a first draft

guide to watershed analysis (1) had just been conpleted, which, on review,
descri bed a reasonably well defined process suitable for decision support
system devel opnent. Mreover, a watershed anal ysis DSS can probably be

scal ed easily up to province-scal e anal ysis.

By the end of the teanis first neeting, we had roughed out a conceptual

nodel for a watershed anal ysis decision support system which was

reviewed with key PNW Station and Region 6 staff. Based on favorable

reviews of the team s concepts, at our next neeting, we began a detailed
analysis of the watershed analysis process described in the first draft guide.
Briefly, the watershed anal ysis process described by the draft guide can be
summari zed as:



1. ldentify issues and concerns, setting priorities anong them setting
goal s and objectives for managenent, and formul ati ng key

questi ons;

Identify ecosystem processes that require analysis;

Set priorities anpbng ecosystem processes of concern;

I mpl ement anal ysis nodules for data acquisition and anal yses;
Descri be ecosystem states and processes in the current |andscape;
Predict trends for ecosystem states and processes; and

Summarize analytical results, and organize information for
reporting on design of riparian reserves, restoration activities,
transportation planning, nmonitoring, cunulative effects, and other
activities.

Noakrwn

Rel evant to step 2, the guide contained five tables, each representing a top-
| evel category of concern (e.g., anadronous fish). Each table contained a
list of concerns, ecosystem state requirenments for satisfying each concern,
and an associ ated reference to nore specific concerns. For exanple, a
potential concern for anadronous fish was acceptable spawning sites,

which was to be analyzed in terns of sufficient spawning gravel,
appropriate substrate size (both of which are affected by nmechani sns under
substrate), and sufficient flow (which is affected by nechani sns under
baseflow). Each nechanism in turn, had an associ ated cause whose state
was to be assessed, and data requirenents. Although the first draft guide
used various terns such as concerns, mechanisms, and causes, they can all
be thought of as various levels of concern, so the present exanple suggests
a hierarchy of concerns. Accordingly, the team decided that know edge of
rel ati ons anobng concerns, ecosystem processes and states, and data

requi renents for those processes and states could be best represented by
dependency networks (Stone et al. 1986).

PRQIECT GOALS AND OBJECTI VES

The basic goal of decision support for ecosystem managenent is to

mai ntain and i nprove forest ecosystem health and productivity by

provi di ng managers with gui dance consistent with | aws, regulations, and
scientific principles related to ecosystem managenent and public val ues.
Specific | ong-term objectives of the DSS project in support of this goal are
to provide managers of Federal forest land with a system that:

1. Increases efficiency of decision processes in ecosystem analysis,
pl anning, and nmnagenent;

2. Inproves mmnagers, ability to explain the reasoning behind
decisions to the public;

3. Ensures conpliance with laws and regul ati ons;

4, Supports scientifically sound principles of ecosystem analysis,
pl anni ng, and nanagenent;

5. lnproves nmnagers, understanding of |aws, regul ations, ecosystem
managenment principles, and public values and how they apply to
anal ysis, planning, and managenent;

6. | nmproves consistency in analysis, planning, and managenent within
and across spatial scales;

7. Integrates adaptive managenent into the DSS; and

8. Links individual site installations of the DSS into a regional
network to ensure consistency of decisions in time and space where
appropriate.

The less anbitious, but nore imediate, objective of the project is to
provi de i nformati on managenent and deci si on support for watershed
analysis in particular. W enphasize the |larger and nmore long-term

obj ectives, because these define a |arger context within which the first
prototypes need to be developed if they are to evol ve beyond deci sion
support tools for isolated watershed analyses.

In the larger context, nost views of the world cross nultiple ownerships.
Coordi nating analysis, planning, and nanagenent activities wthin and



bet ween public agencies and adjacent private | andowners will be essenti al

to ensure that assunptions about effects of management scenarios are

valid. Therefore, wusers of the DSS at any particular admnistrative unit wll
need access to informati on managed by other units. DSSs operating at

i ndi vidual |ocations will need to be designed to operate in a network. In the
DSS network, an adm nistrative unit will have a l|ocal version of the DSS

whi ch can obtain any necessary information from other systens by

t el ecommuni cation over the network. Network communication between

adm nistrative units will allow creation of explicit nethods for achieving a
negoti ated resolution of nmultiple-scale decisions over tinme and space, a
capability required to realize objectives 6 and 8. W noted earlier that part
of the attraction of developing a prototype for the watershed scale is that
we anticipate that it can be easily scaled up to operate at the | evel of
ecosystem provinces (sensu FEMAT). This consideration is relevant to

obj ective 6.

The first prototype DSS now under devel opnent is intended to provide a
foundation that can be easily built upon to eventually realize the project's
| ong-term objectives. W view the devel opment of a conpetent

i nformati on nmanagenent. system as a requisite condition for nmany of the

| ong-term obj ecti ves.

KNOWLEDGE BASES

Dependency Networks as Metadata

Met adata is data about data. For exanple, a data base that stores
information about the location, reliability, data collection protocols, and
originators of inventory data (stored in a separate data base) is information
about data, and hence can be considered netadata. In a broad sense, this
woul d be any data involved in the interpretation of other data. Mtadata
can also exist in the formof rules or procedures used to arrive at the
interpretation of data. In the narrow sense, the analysis DSS s netadata are
dependency networks (Stone et al. 1986) that make up its know edge base.
These networks formalize current, available know edge about

wat er shed-| evel phenonena. The dependency networks can be used by

anal ysis teans to identify data needs, and assist in the interpretation of
field-derived data (Nash et al. 1992).

Use of Dependency Networks

Dependency networks are used in the Analysis subsystem descri bed
subsequently to formalize current scientific understanding of the
(hierarchical) relations anbng concerns, ecosystem processes, and data
requi rements. Dependency networks are composed of objects (goals,
subgoal s, and data links). Goals and subgoals can be weighted and their
truth value determned via fuzzy logic if necessary. Uses of dependency
networks in our context are to:

1. identify data requirenents for an analysis,

2. rank missing data in order of relative inportance to the analysis,
and

3. report the truth value of conclusions about ecosystem states and
processes given existing data.

In particular, we are using the NetWaver application, devel oped at Penn
State University (Saunders et al. 1989, 1992), for design of dependency
networks (2).

Dependency Networks for Watershed Analysis

In addition to the general system analysis and design activity of the EMDS
design team the teamis also organized into three subteans that are
constructing dependency networks for six broad topic areas:

1. terrestrial vegetation,
2. terrestrial fauna,

3. anadronous fi sh,

4. riparian systens,



5. surface water supply, and
6. roads and structures.

For each topic area, a subteam of 2 know edge engineers is working with
2-3 scientists and resource specialists to develop a prototype network. On
conpl etion, prototype networks will be reviewed by a | arger panel of 8-10
scientists and specialists.

ANALYSI S AND DESI GN METHODS

bj ect-oriented nethods for analysis and design are being used for system
devel opnent. In nore traditional methods of top-down structured design,
anal ysis and design are based on functional deconposition of problens, and
the nethods evolved to support progranm ng |anguages such as

FORTRAN and COBOL. In contrast, object-oriented analysis and design

have evolved to support | anguages such as Snalltal k, Object Pascal, and
C++, in which problem deconposition is based on the concept of objects
(Booth 1994). Object-oriented problem deconposition offers a nunber of
advant ages over the functional approach:

bj ect-oriented deconposition yields smaller systens through the reuse

of comon mechani sns, thus providing an inportant econony of expression.
bj ect-oriented systens are also nore resilient to change and thus

better able to evolve over tine, because their design is based upon
stable internediate fornms. Indeed, object-oriented deconposition greatly
reduces the risk of building conmplex software systens, because they are
designed to evolve increnmentally fromsmaller systens in which we already
have confidence (Booth 1994).

Rapi d prototyping, with short cycles for analysis, design, and

inplenentation, is fundamental to object-oriented nethods, and also fits
wel | with knowl edge engi neering net hods being used by the team for
devel opnent of the dependency networks. In the follow ng section, we use

Boot h di agranms (Booth 1994) to graphically illustrate the physical and

| ogi cal structure of the system System diagrans are not intended to be
conprehensive. For class diagrans in particular, we show only the npst

i mportant high-level classes and rel ations.

SYSTEM FUNCTI ONS AND LOGQ CAL STRUCTURE

Maj or el enents of the systems logical structure include representations of
the ArcView, Analysis, Report Manager, Project Manager, and Hypernedi a

Ref erence subsystens. The following notation is used in diagrans that follow

+ for physical structure, arrows indicate conpilation dependency
in classic Booth notation (we use them somewhat | oosely to indicate
control flow) ;

+ for logical structure, open and filled circles indicate using and
has-a relationships, respectively; open and filled squares indicate
contai nnent by reference and val ue, respectively; and arrows indicate
i nheritance.
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ArcView is also the systenis primary database manager,
catalog that is used to identify file nanes,

mai ntai ni ng and querying a data
| ocations given data requirenents for

records, and fields, and their physica
di splay or analysis. Interface. ArcView provides
a dSinterface that allows the user to visually navigate to specific provinces and



wat ersheds and display a variety of AS thenes (vegetation, streans, roads, topography,
etc.) and other area-specific information (relevant regul ati ons, existence and | ocation
of analyses, plans, etc.). Existing data for display consists of G S data stored in
Oracle’s data sets on workstations and other, non-A@S data stored in Mcrosoft Access,
or Borland Paradox, databases on PCs. In the first EMDS system prototype, database
access is limted to local area networks. Later inplenentations will provide for data
access over a wide area network once the required conmunication infrastructure is in
place in at least sone sites in Region 6. Basic G S capabilities as part of the primary
user interface are provided to orient watershed analysis teans to the anal ysis
situation. Because ArcView 2.0 is already a full-featured, relatively mature G S
application, systemdesign involves relatively little nodification to the basic ArcView
environnent. The only significant change being introduced is to sinplify the user
interface by hiding application functions not directly related to requirenments for
overal | system functionality. However, the nodified environnent will still provide
optional access to the full set of ArcView features. Data catal og. USDA Forest Service
Region 6 and the Siuslaw National Forest are now in the process of collecting and
organi zi ng descriptions of all Oracle workstati on and PC dat abases (M crosoft Access
and Borl and Paradox) considered potentially useful to the EMDS system ArcView
functions as the systenis central data server, handling requests from other subsystens
(discussed further in the follow ng sections), querying appropriate databases, and
passing the required data back to the client subsystem Conmunication. All other
subsystens can be invoked from ArcView nenus. |n addition, dependency network nodes
fromthe Analysis subsystem can be selected for addition to ArcView s table of

contents. Wthin ArcView, evaluated goal states for a selected node are displayed as a
new theme, with access to relevant attributes al so managed by ArcView. Analysis
Functional description. The Analysis subsystem uses dependency networks to represent
the current state of ecosystem processes and wat ershed properties and inpacts of

wat er shed-| evel activities on these processes and properties. It provides a |link

bet ween the goals and objectives of managers and specific on-the-ground questions that
need to be answered to adequately assess those objectives. Later inplenmentations will
expand the scope of analysis to include the province level, and provide for integration
between the two |levels of analysis. The Analysis subsystem 1. helps identify ecosystem
processes requiring analysis, 2. assists in selecting appropriate subsets of analyses,
identifying and ranking data requirenents, and evaluating ecosystem states, and 3.
provides information to the Project Manager and Report Manager subsystens for tracking
progress of, and docunenting, an analysis, respectively. The Analysis subsystem

i ncludes a browsing facility to |l et the user navigate through the networks in a very
intuitive way, so users can exam ne the structure of dependencies, and sel ect
appropriate goal nodes for inclusion in an analysis.
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The user has the option of ignoring irrelevant concerns, in which case they

are pronpted to provide docunmentation for the rationale. Each goal node
also provides five types of docunentation:

1. authorities who were the source of information on how the node's
rel ati ons were defined,

2. literature citations,
3. explanatory information about the role of the node in the network
structure,

4. comments fromthe watershed anal ysis team and
5. assunptions about ecosystem processes that are relevant to the
node.

Interface. The interface for the analysis subsystem consists of a set of
wi ndows and ot her screen objects that allow the user to perform specific
operations on the network hierarchy:

1. open network and navigate to (browse) any node in the hierarchy
by one of two or three nethods,

2. load, run, and save an analysis profile,

3. edit (i.e. activate or de-activate links in the analysis profile, and/or
enter values for analysis profile objects internediate between data
and the ultimte netadata node) itens within the analysis profile,

4. view associ ated short descriptive or explanatory hypertext or
rel ated passages in Hypernedia Reference subsystem docunents,

5. check availability and tinmestanp of data for data links in the
knowl edge net,

6. tag anything associated with a data link or subgoal (files, hypertext,
etc.) for inclusion in an analysis report, and

7. fetch existing data.

Browsi ng and editing dependency network nodes, and running the

Net Weaver engine to fetch data assists the user in identifying the

availability of data, and prioritizing acquisition of mssing data. The process
of browsing and editing generates a project—specific analysis profile



(know edge base) via pruning:

1. User selects goals and subgoals that are related to concerns about
ecosystem processes.

2. The Net Waver engine identifies all connected (rel ated) higher and
| ower |evel concerns.

3. User browses and prunes the dependency nets to ignore irrelevant
or uninteresting concerns, resulting in a final pruned dependency
net.

Comuni cation. The Anal ysis subsystemis called from ArcVi ew by
selecting the Analysis menu item Mst comruni cati on between the two
subsystens involves requests from the Analysis subsystem to ArcVi ew

1. requested data to satisfy data requirenments of know edge base data

i nks, and
2. requests to display dependency network node states as new G S
t henes.

Al | dependency network nodes have a set of 5 text objects as attributes of
the node. The text objects can contain hypertext references to material in
the Hypernedi a Reference subsystem

The Anal ysis subsystem does not comrunicate directly with either the
Proj ect Manager or Report Manager subsystens. However, analysis
profiles are available to both of these other subsystens as Net\Waver
scripts.

Net work navigation and editing. Navigation through the networks, and
editing links and node states, can be done in either text node or graphic
node. Both nbdes display two child wi ndows within the display area of

the main Analysis application w ndow

1. The hierarchy w ndow displays network topology as either an
i ndented hierarchical list of nodes in text node or a graphical map
of nodes in graphic node.

2. The information wi ndow displays information about the currently
sel ected node in the hierarchy wi ndow, and contains screen objects
that provide additional information and control over some aspects
of the hierarchy display.

Runni ng an analysis. The run conmand in Anal ysis subsystemcalls the
Net Weaver DLL with instructions to evaluate the network. The full
eval uation process involves the follow ng steps:

1. Run command in Analysis initiates request to DLL to evaluate
net wor kK,

2. DLL traces active links anpbng goal dependencies,

3. DLL identifies unsatisfied data |links and passes data requirenents
to Analysis,

4. if necessary, Analysis issues data request to ArcView,

5. ArcView interrogates data catalog for source of data, and uses
SQ calls to appropriate databases,

6. ArcView returns data values to Analysis,

7. Analysis returns data values to NetWaver DLL,

8. DLL updates data links,

9. DLL re-evaluates network and returns updated states of nodes to

Anal ysi s.

Checking availability and timestanp of data. On conpleting a run, the
user can view the status of an analysis. A status wi ndow displays a table
with a record for each goal node and data link. A record includes:

1. node nane
2. percent of data requirenents net



3. priority (relative contribution of this node's m ssing data to total
m ssing data)

total nunber of antecedents

nunber of imedi ate antecedents

total nunber of dependents

nunber of inmedi ate dependents

date of npst recent data source

date of ol dest data source.

Some of the functions available for the status w ndow are:

1. select record,

2. viewthe list of values associated with selected record (note that, in
general, a data link processes a list of values, so each goal also has
a list of states or outcones),

3. sort records by priority of mssing data, and

4. view only records with mssing data.

Proj ect Manager

Functional description. Through its Project Manager subsystem the

system provides a project summary of particular interest to line officers.
The core functions of the Project Manager subsystem are provided by a

hi gher-1 evel dependency network that polls the set of dependency networks
generated by the Analysis subsystem |Its function is to assist with planning
and nonitoring data acquisition, and tracking and documenting the

progress of an analysis by using analysis profiles generated by the
dependency networKks.

The first prototype inplenentation will be linmted to sunmary reporting
features. However, these should be valuable to both line officers and
wat ershed analysis teams. In the second or later inplenmentation, we wll

add tools to assist with scheduling of expenditures of npbney and personnel
time, so that data collection projects can be tined and coordinated to nake
the best use of operational resources. This type of operational tracking is
essential to creating informative and credi ble reports, but this full

i mpl enentation is not feasible for the expected delivery schedule of the first
pr ot ot ype.

Comuni cation. Access to the Project Manager subsystemis provided
through a menu itemin ArcView. Optionally, while viewi ng the analysis
summary, the user can invoke the Analysis subsystemin view node for a
nore detailed exam nation of data requirenents.

The Hypernedi a Reference subsystem can be called froma nenu itemon
the Project Manager nenu bar.

The Project Manager does not conmmunicate directly with the Report
Manager, but its output files are available to the Report Manager via the
tag list manager, described |ater.

The summary reports:

1. trueness value associated with each top-level goal that has been
selected for analysis, and
2. a synthesis of data requirenents from all of the separate nets.

Hyper nedi a Reference

Functional description. The Hypernedi a Reference subsystem provi des
powerful navigation tools for accessing information in the FEMAT Report,
the Record of Decision, and Standards and CGuides. The initial content of
the subsystem could easily be expanded to include the Watershed Anal ysis
Handbook now under devel opnent by the Region 6 Watershed Anal ysis

Coordi nati on Team Legal references such as text of NEPA and NFMA

can also be added in the second inplenentation, if that is desirable.



Communi cation. Direct access to this subsystem is provided through:

1. menus of other subsystens, and
2. enbedded hypertext in hypernedia objects nanaged by other
subsyst ens.

In the first prototype, direct access to the Hypernedia Reference
subsystemis provided through nenus in all other subsystens. In the second
prototype, we plan to provide constrained, intelligent search capabilities
within the Anal ysis subsystemto access nore specific infornmation in the
FEMAT report, Record of Decision, Standards and Cui des, based on a

user's current location in the dependency networks.

Report Manager

Functional description. The Report Manager for the first prototype wll

nost likely be inplenented in Know edgePro, using a Mcrosoft Wrd

DLL currently in production. In later prototypes, we also plan to introduce
addi ti onal know edge- based functionality that provides a tenplate for the
7-step watershed anal ysis process.

The Report Manager subsystem assists with assenbling nunerous pieces of
information into a coherent report.
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The Report Manager handl es di splay of project history and status, and
other details of an analysis, and provides the user with tools to assenble
reports of an analysis, which may include maps, information from the
project |log, status and project managenent files, as well as hypertext
excerpts fromitens in the Hypernedia Reference subsystem

The systemincludes a globally accessible tag utility that can optionally be
used to add the contents of any system display window to the tag list. A

key tool in the Report Manager that conplenents the tag utility is a tag |ist
manager that is used to browse anong, and select itens from a |ist of

itens for inclusion in a report.



Communi cation. The ArcVi ew subsystem provides direct access to the

Report Manager through a menu item Documents fromthe Hypernedia

Ref erence subsystem can be easily incorporated into the report to provide
expanded expl anation for the analysis process, or accessed as an on-line
reference by a watershed analysis team as an aid to conducting an anal ysis.
O her subsystens do not communicate directly with the Report Mnager,

but many of their display wi ndow contents and all output files are available
to the Report Manager via the tag |list manager discussed bel ow.

Contents of a watershed analysis report. Watershed analysis reports include
both text and graphics. G aphics include:

maps generated by ArcView,

graphic images fromthe Hypernedi a Reference subsystem and

possi bly other graphic inages.

Text sources for reports include:

hypertext from the Hypernedia Reference subsystem

text from the annotation function group in the Analysis subsystem
i ndi vi dual analysis profiles,

anal ysis status reports fromthe Analysis subsystem and

project status from the Project Mnager subsystem
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Tag utility. Tagging information is performed by a utility that is accessible
fromall subsystems. The function of the tag utility is to mark any
information in a display w ndow of any subsystem for possible inclusion in
an analysis report (Figure 4). The npbst general approach for inplenenting
the tag function requires two files:

1. atag data file that stores both data and pointers to data, and
2. atag list file that contains pointers to tag data file records and ot her
descriptive informati on about a tagged item

>

tag list file record contains:

a pointer to a tag data file record,

brief description for identifying content,

the time stanp of the source data, and

a time stanp indicating when the informati on was added to the tag
file.
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Tag list manager utility. The tag list manager utility is used to browse,
review, arrange, and preview information that has been assenbl ed by the
tag utility. Functions of the tag |ist manager are:

di splay contents of the tag list file,

check tine stamp of tag list itens against data source,

view selected tag list item

arrange order of tag list items,

insert selected item(s) at current location in report docunent, and
insert conplete contents of the tag file in report docunment
according to tag |ist order.
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The check-time-stanp function:

1. can be invoked by the user to perform a conprehensive check of all
items in the tag file (reports all itens that may need updating), and

2. also executes autommtically whenever the insert functions are
executed unless the user has turned off autochecking.

PRESENT STATUS AND FUTURE POSSIBILITIES

Concepts of ecosystemintegrity and sustainability are closely intertw ned
with human values (Kay 1993). A basic prem se of ecosystem managenent

is that conbi ned application of know edge and technol ogy can be used to
pronot e desirable ecosystem conditions that benefit both the environnment
and social and econonic systens (Salwasser 1994. Bornmann et al. (1993),



describing a franmework for managenent of sustainable ecosystens, have
defined ecol ogical sustainability as the intersection of societal values and
ecol ogi cal capacity. Inherent in each of these views is the notion that
ecosystem sustai nability cannot be adequately addressed apart from societal
val ues.

The DSS for watershed anal ysis that has been described clearly
enconpasses only a few aspects of a full ecosystem nmanagenent process

(Bormann et al. 1994); it provides a know edge-based information
managenent system that assists with data acquisition and eval uati on of
ecological integrity. However, the scope and conplexity of an ecosystem

approach to natural resource managenent (Franklin 1994) highlight the

basic need to acquire, access, operate on, and manage very large quantities
of very diverse information. In this respect, the DSS provides an essential
foundati on upon which to build a nore conprehensive decision support

system for ecosystem managenent. Al so, insofar as the hypernedia
capabilities of the system enhance the ability of managers to effectively
comuni cate the rational e behind an anal ysis process and its outcones, the
DSS can nmake a useful contribution to the dialog that is essential to the
adapti ve managenent process of reconciling societal wants with ecol ogi cal
reality.

Wth object-oriented system devel opnent, we envision short devel opnent
cycles in which increnental enhancenents to the original prototype are
introduced at about 6-nonth intervals. A likely near-term enhancement is
the integration of groupware technol ogies that further enhance such dial og
(Fox, TERRA Lab, Fort Collins, personal comunication). In discussing

the Report Manager subsystem we nentioned incorporating

know edge- based support for the full watershed anal ysis process descri bed
in the Watershed Analysis Quidebook, now being devel oped by Forest

Service Region 6. The Guidebook itself will likely be added to the
Hypernmedi a Reference subsystem

In the longer term we envision building upon the basic information
managenent foundati on needed to support watershed analysis to eventually
provi de know edge-based deci si on support for the full adaptive

managenment process. A logical first step in this longer term devel oprment,
whi ch al so conpl et es devel opnent of the watershed anal ysis conponent, is
integration of a systemfor process nodels used to consider alternative
future nanagenent scenarios (Leavesley, USGS, Boul der, personal

comuni cation). Nunerous other on-going devel opnent efforts may
eventually be integrated into the foundation system In such an
evolutionary process, it is useful to keep in mnd Booch's (1994) advice:
the anal ysis and design of conplex systens require a clear architectural
vision to sustain |long-term devel opnent.
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ENDNOTES
1. A federal agency guide for pilot watershed analysis, Version 1.0.
February 1993.

2. The use of trade or firmnames in this publication is for reader



i nformati on and does not inply endorsenent by the U. S. Departnent
of Agriculture of any product or service.
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