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Abstract The principles of mass balance, compartment-flux diagramming, and dynamic simulation modeling
are integrated to create computer models that estimate phosphorus (P) export from large-scale watersheds
over long-term futures. These Watershed Ecosystem Nutrient Dynamics (WEND) models are applied to a
275,000 ha dairy-documented watershed and a 77,000 ha poultry-dominated watershed in northeastern USA.
Model predictions of present-day P export loads are consistent with monitoring data and estimates made using
P export coefficients. For both watersheds P import exceeds P export and P is accumulating in the agricultural
soils. Agricultural and urban activities are major contributors to P export from both watersheds. Continued
urban growth willincrease P export over time unless wastewater management is substantially enhanced and/or
rates of urban growth are controlled. Agriculture cannot rely solely on the implementation of increasingly
stringent conservation practices to reduce long-term P export but must consider options that promote P
input/output balance. The WEND modeling process is a powerful tool to integrate the diversity of activities in
watersheds into a holistic framework. Model outputs are suited to assist managers to explore long-term effects
of overall watershed management strategies on P export in comparison to environmental and economic goals.
Keywords Watersheds; phosphorus; dynamic simulation; modeling; management strategies

Introduction
Watershedsare complex ecosystemsin which peoplelive, work and play. Whilenatural unim-
pacted watersheds in temperate climates are largely forested, the landscape of developed
watersheds consists of agricultural lands and urban areas with only fragments of the original
forests remaining. Phosphorus exported from watersheds can impair the water quality of the
receiving water body. In natural watershed ecosystems both P inputs and outputs are low and
water quality impactsare often minimal. In most devel oped watersheds substantial amounts of
P are imported so that more P is imported than exported (Cahoon et al., 1999) causing
increased P storageinwatershed soilsand higher Pexport (Sharpley et al., 1994). Furthermore,
asagricultural and urban development in watershedsintensifies over timethe natural biologi-
cal, chemical, physical processesthat control the storage and processing of Pin natural water-
sheds often are overwhelmed so that the manner in which watersheds process Pischanged.
Itisuseful, from amass balance point of view, to consider large-scal e devel oped water-
sheds as consisting of three sectors: forest, agriculture, and urban. Phosphorus storage,
movement, and export differs among these sectors because the use of Pisdifferent in each
sector. Individual sectors also relate differently to the outside world. Because developed
watersheds contain all three sectors, a watershed-scale P mass balance analysis must
simultaneously consider how P is processed by each individual sector. Furthermore, in
large-scale watershed ecosystems, the individual sectors that store and process P interact
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with each other and cannot be considered in isolation. For example, people living in the
urban sector eat food produced in the agriculture sector while products and waste residues
produced in the urban sector are consumed in the agriculture sector.

Ecol ogists devel oped the compartment-flux diagram (CF diagram) to map how complex
ecosystems process nutrients (Odum, 1960; 1964; 1971) and use them to study how material
(or energy) is stored, moved, and exported in ecosystems. Systems analyses devel oped
dynamic simulation modeling techniques to study how various elements within complex
systemsinteract and how such complex systemsrespond dynamically (over time) to pertur-
bation. Compartment-flux diagrams and dynamic simulation are toolswell adapted to mass
balance analysis. In thiswork we combine CF diagrams and dynamic simulation techniques
with mass balance concepts to create models that predict how the storage, movement, and
export of P from watersheds change over time in response to alternative scenarios for man-
aging the resources and human activities in the forest, agriculture, and urban sectors. The
result is the Watershed Nutrient Dynamics Model (WEND model). These models suggest
how average P loadings from watersheds change over decades after implementation of
watershed management strategies. Two large agriculturally impacted watersheds in north-
eastern USA are used to test the WEND modeling concept: the relatively mountainous
Winooski River watershed in Vermont, and Delaware’ s coastal Inland Bayswatershed.

Process of model development

Each WEND model is developed to competently describe the import, storage, movement
and export of P for a particular watershed. Several fundamental principles are applied
including: (a) every watershed ecosystem possesses defined boundaries across which P
moves to either enter or leave the watershed; (b) all watershed ecosystems contain one or
moresectorsinwhich Pisstored (WEND model sin thispaper containtheforest, agriculture,
and urban sectors); (c) all sectorsare connected so P can move from one sector to another so
that individual sectorsfunctionin concert with the other sectorsin the watershed ecosystem;
(d) the manner in which Pis processed within each sector isdefined by aunique set of activi-
tiesthat occur within that sector; and (€) the principles of mass balance are applied simulta-
neously to theinputs and outputs of Pfor each sector and the overall watershed ecosystem.

The CF diagram in Figure 1 depicts awatershed ecosystem. Three sectors areinside the
watershed boundary. The arrows are fluxes or pathways through which P cyclesinside and
moves across the watershed and sector boundaries. The structure in each sector is a set of
unique pathwaysthrough which P cycleswithin the sector. Thethree arrows pointed down-
ward are the fluxes (or loads) of P exported from each sector to the network of streams and
riversinthewatershed. The sum of thesefluxesisequal to Pexport from thewatershed only
when Pisnot permanently stored in the watershed drainage net.

The magnitude of P storage and the arrangement of pathways through which Piscycled
isunique to each sector and watershed. Thus, it is necessary to identify specific sectorsand
pathwaysthrough which P movesfor each watershed to which the WEND model isapplied.
The network of pathways within each sector must include all the magjor natural or anthro-
pogenic processesthat transport Pfrom onelocation to another. Thisstructureisrepresent-
ed as a CF diagram and used to understand the unique P infrastructures of the sectors and
watershed. Figure 2 is an example detailed CF diagram for the urban sector of the Inland
Bayswatershed. It representsthe complex infrastructure through which Pmoveswithin the
urban areas of the Inland Bays watershed. Because urban areas are unique the Inland Bays
urban CF diagram (Figure 2) differs from the infrastructure that is used to describe the
urban CF diagram for the Winooski River watershed. Detailed CF diagrams are also con-
structed to establish the unique P infrastructures for the forest and agriculture sectors for
each watershed to which WEND isapplied.
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Figure 1 Phosphorus compartment-flux diagram for a complex watershed ecosystem
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Figure 2 Phosphorus CF diagram for the urban sector of the Inland Bays watershed. Phosphorus is stored
in the rectangles and moves through the arrows. Arrows crossing the WEND model boundary are P imports
and exports. Arrows crossing the urbanized sector boundary are P inputs and outputs for the urban sector.
The small rectangles that contain numbers are “decision nodes” which allow the modeler to assign a pattern
of P flows in the sector to model different management strategies. FS is the forest sector and AS is the
agriculture sector. Arrows directed to DN are P fluxes that enter the watershed drainage net to be ultimately

exported from the watershed

The necessary process of creating customized CF diagrams for each sector and water-
shed is extremely valuable because it contributes to a holistic understanding of the overall
watershed P infrastructure. A holistic comprehension of watershed infrastructuresisrare
among government officials, managers, and most scientists yet is absolutely essential to
understanding thereal long-term impact of implementing management programs. The con-
struction of Pinfrastructuresfor theforest, agriculture, and urban sectorsrequires consul ta-
tion with awide array of expertise and locally knowledgeable individualsincluding: local
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government agents responsi bl e for waste management, urban devel opment, recycling, etc.;
state and federal officials responsible for water quality monitoring, land management
programs, and economic development, etc.; resource and economic planners at all levels;
demographers; business leaders; tourism agencies; industrial and commercial establish-
ments; extension agents; farmers; foresters; and scientistsfromlocal and state universities.
Through this process of consultation, an extremely diverse set of data is obtained upon
which acustom CF diagramisbuilt for each specific watershed. Algorithmsalso areidenti-
fied to describe each important pathway and storage location for the WEND model.
Another outcome of the customization process is identification of a cadre of individuals
who become involved in how their watershed is studied, develop an understanding of the
capabilities of the WEND model and its outputs, and begin to think more holistically about
their watershed ecosystem. Some of these individuals may serve as an advisory panel to
assure that study conditions and evaluated scenarios are relevant to the local politic.
Ultimately local experts may apply the finished model to analyze additional scenarios.

Once the important compartments for P storage and pathways for P movement, export,
and import are established and competent al gorithms are assigned to each pathway the code
for the WEND model is built. All model code isformulated in STELLA (HPS, 1996), an
object oriented dynamic simulation programming language derived from the basic notions
of systemsanalysis (Forrester, 1968). Basic to STELLA modeling is: (a) definition of sys-
tem boundaries, (b) definition of system compartments, and (c) establishment of the appro-
priate pattern of intercompartmental connections. Once the system and compartmental
boundaries are established the model is constructed to provide a complete mass balance
accounting of all P pathwaysthat cross all boundaries. WEND models are created directly
on the computer screen as structures consisting of four basic objects: stocks, flows, con-
verters, and connectors consistent with STELLA. The skeleton of these on-screen struc-
tures closely emulate the CF diagrams for the various sectors. It is possible to incorporate
feedback mechanisms and both linear and non-linear algorithms into these structures so
that the resulting model agorithms can be quite complex. The models are built to
conveniently allow input data to be changed so that various management scenarios can be
emulated, including theinternal recycling of Pwithin the watershed.

Final WEND modelsof watersheds are hierarchical inthat they contain several different
levels of complexity. WEND models are built from the bottom up, from the simple to the
complex. That is, modeling begins with individual algorithms, a number of these algo-
rithms are combined to represent asingle process, several of these processes are integrated
to describe a sector, and lastly the sector models are connected together to form the com-
plex structure that emulates Figure 1. All WEND models assume the input datathat define
each sector are average or typical valuesfor the activitiesin that sector, that is, each sector
is homogeneous. For example, even though soils are known to be spatially variable over a
watershed, the algorithmsin WEND that define how soil processes P are based on datafor
thetypical or average soil condition in the watershed. Since thereisno spatial explicitness
in WEND models the data requirements are substantially less than for models driven by
geographic information systems. All computations in the WEND model are carried out
over decades with an annual time step. Consequently, WEND models are not useful in
examining P export dueto specific runoff events nor variation in P export over season.

Case study results

Inthispaper WEND modelsareappliedtotworelatively largeand very different watershedsin
northeastern USA. The long-term consequences of alternative resource and environmental
management strategies on P export from both watersheds is analyzed. Vermont’s Winooski
River watershed dischargesinto Lake Champlain whose quality isimpacted by high Ploading.



Table 1 Characteristics of study watersheds

Characteristic Winooski River Inland Bays
Land Area (ha) 275,399 77,000
% Urban 8 12
% Agriculture 13 36
% Forested 74 24
% Water, other 5 28
Overall terrain Hilly, mountainous Flat, highly drained
Resident population (No.)  ~153,000 (est. 1995) ~36,000 (est. 1998)
Tourism (visitor-days/year) ~300,000 (est. 1995) ~5,200,000 (est. 1998)
Character of agriculture
Dominant animal Cattle (dairy) Poultry (broilers)
Animals (No.) ~54,000 ~13,000,000 (5.5 flocks/yr)
Dominant cropland silage corn, hay, pasture  corn-wheat-soybean rotation
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Figure 3 Dynamic patterns of P import, export, and loading to Lake Champlain from the Winooski River
watershed as estimated by the WEND model

Delaware’ sInland Baswatershed dischargesinto the polluted, shallow, brackish Inland Bays
that flow into the Atlantic ocean. The characteristics of each watershed arein Table 1.

The Winooski River watershed

Thisurbanizing watershed iscurrently the source of about 20% of thetotal |oad of Pto Lake
Champlain (VTDEC and NY DEC 1994) and supportsadairy agriculturethat ispresently in
decline. Initially, aBase-line simulation was run in which assumed that current conditions
in the Winooski River watershed remain constant over the 80 year period (Casell et al.,
1998). To assess how different management scenariosinfluence the long-term patterns for
P export from the watershed, several 80 year simulations were run with the WEND model.
These simulations emulated management strategies that ranged from an aggressive
environmental scenario to a rapid economic growth scenario. The conditions for these
scenarioswereimplemented between years 20 and 30.

Figure 3ashowsthe 80 year dynamic patternsintheimport and export of Pfor the Base-line
scenario. Thetotal amount of Pimported to thewatershed (i.e. Pin human food, raw materials,
atmospheric deposition, animal feeds, etc.) increasesover timedueto populationgrowthandis
always greater than the total amount of P exported (i.e. Pin finished products, liquid and solid
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Table 2 Scenario conditions for Winooski River watershed simulations

Base-line Rapid growth Environmental

Characteristic scenario scenario scenario
% Population unsewered 41 25 35

% Urban area impervious 10 10 5
Urban growth (%/yr) 0.8 1.2 0.6
Waste treatment level index 2.8 2.8 4.0
Ag fertilizer applied (kg TP/ha/yr) 3.2 3.2 0.0
Ag herd growth rate (%/yr) 2 2 0

Ag harvest (kg TP/hal/yr) 15.4 15.4 12

Use of no-till NO NO YES

Ag % cropland in grass 90 90 70
Urban % food from ag sector 5 5 15
Urban % raw material from ag sector 25 15 45
Urban % lawn fertilizer imported 70 70 20
Urban % lawn fertilizer from recycled wastes 10 10 30
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Figure 4 Total phosphorus loads from the Winooski River watershed for various management scenarios
as estimated by the WEND model

wastes, diffuse pollution, etc.) Each year the watershed accumul ates about 200 tons of P (pri-
marily in the watershed soils) because imports exceed exports (Figure 3a). Figure 3b displays
the Ploading from each sector that enter the stream and river network of thewatershed and are
ultimately exported to Lake Champlain. At time 0 the predicted total loading is about 150 t/yr
which compares favorably to recent monitoring data (153 t/yr) (VTDEC & NYDEC,
1994).The P loading from the urban sector increases over time while that from agriculture
decreasesas urban growth displacesagriculture. Theloading from theforest sector islow com-
pared to the other sectors. If current conditions prevail in the Winooski River watershed, the
watershed will become more urban and unless management actions are taken, the watershed
will provideincreasing loading of Pto Lake Champlain over the next eight decades.

Figure 4 comparestheloading of P from the watershed to L ake Champlain among three
scenarios. the Base-line scenario, the Rapid economic growth scenario, and the
Environmental scenario. The conditionsfor these scenarios are summarized in Table 2 and
are implemented between years 20 and 30 of the simulation and then maintained constant
until year 80. For the Rapid growth scenario the P loading to the lake increases above the
Base-line between years 20 and 30 and remains higher for the duration of the simulation
run. However, for the Environmental scenario, the Ploading decreases below the Base-line
scenario between years 20 and 30 and remainslower for the duration of thesimulation. The
WEND model suggests that different watershed management alternatives can materially
impact the annual mass of P that exitsthe watershed inriver discharge.



Table 3 Scenario conditions for the Inland Bay

Simulation Name Conditions for scenario
1. Base-line Current (1996-1998) conditions
2. Phytase Add phytase to poultry feed to reduce P content of feed

3. Comprehensive ag Add phytase to poultry feed
+ Export 20% of litter production
+ Implement stringent ag land management practices
4. Comprehensive urban  Enhance P removal of waste treatment plants
+ Implement stringent urban land management practices
5. Watershed practices Comprehensive ag practices
+ Comprehensive urban practices
6. Growth management ~ Comprehensive ag practices
+ Comprehensive urban practices
+ Reduced urban growth rate
+ 10% reduction in poultry production capacity by year 10
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Figure 5 Phosphorus export to the Inland Bays for various watershed management scenarios as estimated
by the WEND model

Inland Bays watershed

This urbanizing watershed is very flat and much agricultural land is artificial drained.
Agriculture is dominated by intensive broiler production facilities while some areas of the
watershed support a large tourism industry. These watershed activities contribute large
amounts of nitrogen and P to the Inland Bays. In the recent past agricultural and urban-
based activitiesin the watershed have increased each year.

The WEND model was customized to capture the uniqueness of the urban and agricul-
tural economy, and the resource base of the Inland Bays watershed (Cassell and Meals,
1999). A Base-line simulation in which input data define current watershed conditionswas
first runto provide abasisfor comparing the efficacy of various other management scenar-
iosfor reducing the Ploadingsto the Inland Bays. The conditionsfor the scenariosreported
herearesummarizedin Table 3.

Figure5 showsthe40year pattern for theexport of Pfromthewatershed tothelnland Bays
for the Base-line scenario aswell asthe other management scenarioslistedin Table 3. For the
Base-line simulation the P loading at time = 0 is the present-day loading to the Inland Bays
whichisestimated by the WEND model to be58.7 t/yr or only about 2% of thetotal amount of
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P imported into the watershed. About 52% (30.5 t/yr) and 36% (21.1 t/yr) of the present-day
loading isderived from the agriculture and urban sectors, respectively. The agriculture sector
loading estimated by Ritter (1986) using P export coefficients is 25.6 t/yr while the 1990
urban loading isestimated by DDNREC (1998) to be 11.2 t/yr. For thisBase-line scenario the
P loading to the Inland Bays increases gradually so that in just 20 yearsit is about 125% of
current loadings (Figure 5) due to continuing urban and agricultural growth.

Five other simulations are also shown in Figure 5. For al these simulations the scenario
conditions areimplemented between years 5 and 10 and then remain fully implemented until
the end of the 40 year simulation period. Simulations 2-5 all emulate policiesinwhich oneor
more watershed simulation conservation practices are implemented. For all these scenarios,
except for simulation 2, thereisan immediate reduction in P export but after implementation
is complete (after about year 11) P export begins to again increase so that by the end of 40
yearsbeing exported exceeds current day export. It woul d appear that additional management
actionisneeded if along-term reduction in P export isto be achieved. Simulation 6 displays
the trend in P export when conservation practices are fully implemented AND the rate of
urban growth is modestly reduced AND poultry production capacity is reduced by 10%.
Simulation 6 istheonly simulation that showsthe export of Pto belower after 40 yearsthanit
ispresently. Similar long-term reductionsin P export could be achieved by: exporting higher
fractions of the poultry litter from the watershed, substantial reductionsin the urban growth
rate, and reduction in the poultry production capacity in the Inland Bayswatershed.

Discussion

The present-day export of P discharged from both study watersheds predicted by the
WEND models is consistent with values obtained from monitoring studies and P export
coefficients. Because WEND model s estimate P export through acomprehensive mass bal -
ance analysisin which neither water quality datanor P export coefficients play arole, this
one-point-in-time verification of P export suggeststhat adynamic simulation mass balance
modeling concept may be useful to estimate P loading from large watersheds.

The data upon which WEND depends are of three types: (a) demographic type dataincluding
numbersof peopleand animals, areaandland use, croptypes, etc.; (b) resourcedataincluding annu-
d rainfal, runoff, andinfiltration amountsand knowledge of how Pinteractswith the soil resource;
and (c) resource management data such asintensity of forest harvesting, type and amount of com-
mercia andindustria activities, croptypeand tillage practices, waste management functions, recy-
cling programs and material transportation and movement, etc. The WEND mode is a lumped
model as al input data are watershedwide averages defining typical conditions for each sector
(Cassd| and Clausen, 1993; Cassd| et al., 1998). Thissubstantially reduces datarequirementsand
model complexity in comparison to modeling approaches that incorporate spatial variability.
Furthermore, because the WEND model performs caculations on an annud time step the data
requirements are low compared to model s that examine short-term phenomena. Thus, the WEND
model caculateslong-term patternsin P export using diverse datasimilar to that gathered for eco-
nomic and resourceinventory studiesand for management program eval uations. Thisapproach for
describing watersheds dlows WEND modes to be applied to different watersheds provided the
mode sarebased on CF diagramsthat are customized to reflect the uniqueness of eechwatershed.

The creation of aWEND model for awatershed requires defining P storage compartments
and pathwaysthrough which Pmoves. Although the datarequirementsarediversethe consul -
tation process necessary to gather the needed information builds a detailed understanding of
the infrastructure in which P is stored and through which P moves. This process not only
promotes an understanding of the watershed at a holistic level but serves as a procedure to
organize multi-disciplinary knowledge relevant to the watershed. As long-term goals for
watershed management become more complex and inter-related it will become increasingly



important to capture and organize diverse multi-disciplinary information. WEND models
incorporate numerous decision nodes that allow pathways for the transport of P through sec-
tors and watersheds to be changed (see Figure 2). These changes are made so simulations
emulate how various strategic watershed management options influence the movement of P
through a given watershed. The effect of different management strategies on long-term pat-
terns of P export can be determined within the framework of some overall management goal
and/or compared to some allowableload of Pfor theimpacted receiving body of water.

WEND simulations for the Winooski River watershed indicated that an environmental
strategy (the Environmental scenario) results, over the long-term, in the export of less P
than either the Base-line or Rapid growth scenarios. However, it was also apparent that
even the Environmental scenario will not reduce P export below about 120 t/yrr. Is this
export low enough to meet some management goal ? The Base-line and Rapid growth sce-
narios demonstrate a watershed that is becoming increasingly urban over timeresulting in
an ever increasing P export. Can such management strategies be implemented within envi-
ronmental limitations? The running of additional simulations with the WEND model that
emulate other management strategies may be helpful in answering such questions before a
particular management strategy isimplemented.

Thelnland Bayswatershed isheavily impacted by an intensive poultry agricultureand a
large tourism industry. Conseguently large amounts of P, about 59 t/yr, are exported to the
Delaware's Inland Bays. WEND simulations suggest that it will be difficult to reduce the
long-term P export below present-day levels. Implementation of traditional conservation
practices only temporarily reduces P export (scenarios, 3, 4, an d 5) before continuing
growth overcomesthese temporary effects (Figure5). Thusthe application of conservation
practices alone appear insufficient to accomplish long-term reduction in P export for the
Inland Bays watershed. This pattern exists for scenarios 1-5 because theimport of Pto the
watershed is substantially greater than the total amount of P exported. Consequently, the
soils of the watershed are accumulating P and becoming increasingly rich in P. Asaresult
surface runoff and groundwaters are al so becoming richer in P, increasing P export.

The WEND model suggeststhat the long-term reduction in P export from the Inland Bays
can be achieved only when the rate of urban growth and/or poultry production capacity is
reduced and/or larger amountsof poultry litter are removed to outside thewatershed such asin
simulation (Figure5). All thestrategiesin simulation 6 either reducetheimport of Por increase
the export of P for the watershed so that the excess of P inputs over P outputs is reduced.
Conseguently, therate of Paccumulationinthewatershed isal so reduced. However, thesemay
bedifficult, if notimpossible, toimplement since the economicimpactsmay begreat and polit-
ically controversial. As with the Winooski River watershed modeling results, it would be
instructive to run additional WEND simulations that emulate other management strategies
before committing to aparticular strategy with uncertain consequencesfor thefuture.

Thus far the WEND model has been applied to two large watersheds. In both cases, as
mentioned above, WEND’s computed present-day P export approximated monitoring
results and/or estimates from P export coefficients. However, what may be the effect of
watershed scal e on the useful ness of the WEND model ?1n small watershedsthelocation of
anindividual feature may so completely dominate P export that the remaining sources of P
may appear to be insignificant. This condition violates our basic premise of homogeneity
and the use of sector or watershed-wide average values and suggests an accounting of the
spatial organization of the watershed isnecessary. However, inlarger watersheds oneindi-
vidual source of P probably would not contaminate the export of Pbut if it did (likeavery
large urban areain awatershed) it could be considered to be typical of the entire watershed.
Thus, in larger watersheds we believeit is appropriate to integrate, average, and lump the
sources of Pand the pathways of P movement to definethe overall nature of the watershed.
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The process of defining P storagelocations and pathwaysfor P movement and incorporat-
ing them into a CF diagram that describes a particular watershed is referred to as WEND
model customization. This customization process builds an understanding of how the
resourcesand activitiesin the watershed function to process P or possibly some other nutrient
such asnitrogen, etc. Regardless of the material being considered the resulting understanding
iscomprehensiveasit crossesmany disciplinary, cultural, and economic sector boundaries. It
becomes a basis to view watershed resources and activities holistically and to consider how
what we do today may impact tomorrow’ sworld of our children and grandchildren.

Conclusions

Generally, dynamic phosphorus mass balance modeling of large watersheds (WEND mod-
els) can be a useful tool to assist resource managers and planners peer into the future to
examine the long-term implications of management decisions being made today on
patterns of P export from watersheds.

More specifically, WEND models have been customized and applied to two large water-
sheds, the Winooski River and Inland Bayswatershedsin northeastern USA. In both cases:
1. WEND models compute a present-day P export load that is consistent with other

estimates,

2. WEND model simulations suggest that different strategies for management watershed
resources and activities have asubstantial impact on thelong-term future of P export, and

3. WEND model simulations suggest that for devel oped watershedsthe most effectiveway
to reducethe export of Pto receiving bodies of water over thelong-termisto implement
policies that promote a closer balance between the total amount of P imported and
exported from the watershed.

Lastly, the process of formulating and customizing WEND model sto describe P dynamics
for particul ar watersheds promotes a comprehensive understanding of how the resources and
activities in the watershed function, thus providing a framework through which multi-
disciplinary expertise can be organized and integrated as abasisfor decision making.
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