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Abstract—The new Prognosis Environmental Indicators model
(Prognosis EI) was designed to assist forest management planning.
The model provides detailed, quantitative environmental impact
projections and expected timber flows under user-defined scenarios.
Prognosis El is a linked set of models: the base FVS variant, the
western root disease extension, the fire and fuels extension (FFE),
and the new environmental indicators model (EI). These compo-
nents operate within the Parallel Processing Extension (PPE). The
model produces all the standard outputs normally produced by FVS,
the FFE, and the PPE. As well, it generates indicators specific to the
EI model. These include stand structural indicators such as under-
story condition; species-specific wildlife indicators such as mea-
sures of foraging, nesting, roosting, and denning habitat for pileated
woodpeckers, bats, ungulates, grizzly bears, and black bears; land-
scape spatial indicators such as patch size distribution or amount of
interior old growth; water quality indicators, visual quality indica-
tors, and active roads. Model outputs can be viewed and analyzed
using a flexible custom software interface that requires ArcView
GIS. Prognosis EI has been used in a case study to evaluate 21
alternative management and natural disturbance scenarios in the
West Arm Demonstration Forest in southeastern British Columbia,
Canada. In addition to providing information with which to evalu-
ate the merits of alternative scenarios, the simulation results
suggest a number of general conclusions regarding the impacts of
root disease, snag retention practices, unauthorized firewood cut-
ting, and recurrent underburns.
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Forest managers are increasingly being asked to develop
forest management plans that demonstrate the ability of the
forest to meet a wide range of timber and nontimber goals
over a long period. Assessing the consequences of different
actions on various indicators can be complex and challeng-
ing. Models can help the decisionmaking process, but few
models exist that combine the ability to project both forest
conditions and environmental characteristics. The goal of
the Environmental Indicators (EI) model was to create a
single tool with which to simulate the projection of timber
and nontimber attributes at the landscape level. The ap-
proach was to integrate appropriate existing Forest Vegeta-
tion Simulator (FVS; Stage 1973, Wykoff and others 1982)
tools, and to create additional quantitative indicators where
necessary, based primarily on information already available
in the other FVS tools.

The Model

The overall system combines the Southeastern Interior
variant of FVS (Robinson 1998) with the Fire and Fuels
Extension (FFE, Beukema and others 2000), the Western
Root Disease Model (WRDM, Beukema and others 1998),
and the new Environmental Indicators (EI) Model. These
four components operate within the Parallel Processing
Extension (Crookston and Stage 1991). To predict nontimber
attributes, the EI model uses the projected data about trees,
fuels, and snags from the other three components as well as
El-specific input data containing information about stand
adjacencies and groupings, roads, and understory vegetation.

As part of the EI model, two ArcView GIS postprocessing
tools were also created. One tool uses the projected informa-
tion and performs various spatial analyses to produce out-
put on landscape characteristics. The other tool allows users
to easily display maps and graphs of various indicators over
time or at selected points in time.

Indicators

The overall model produces three general types of indica-
tors: stand-level, spatial, and species-specific. Stand-level
indicatorsinclude all the standard output from the base FVS
model, the FFE, and the WRDM, such as tree information
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(from FVS), snags (from the FFE), and coarse and fine woody
debris (from the FFE). Descriptions of the type of outputs
and the methods by which they are calculated can be found
in the appropriate documentation. The EI part of the model
produces additional stand-level indicators about stand
developmental stage and the percent cover of nontree veg-
etation such as herbs, shrubs, epiphytes, mosses, lichens,
and liverworts. The stand developmental stage is calculated
using information about BEC variant, habitat unit, stand
age, percent crown cover, and percent cover of selected
species (Greenough and others 1999a). The developmental
stage is then used to look up the predicted amount and types
of understory vegetation (Greenough and others 1999a). The
change in vegetation is not simulated explicitly. FVS will
predict changes to stand structure due to growth, mortality,
and management, which can cause a change in developmen-
tal stage, which in turn will affect the predicted understory
vegetation.

All spatial indicators are produced either by the EI model
during the simulation or by the EI’s postprocessing spatial
analysis tool. These indicators include the location, amount,
and size distribution of age-based patches or of interior old
growth, age and seral stage distributions, length of active
roads, conditions of designated viewsheds, and 11 measures
related to water quality. The definition of which ages define
a patch or define old growth, the buffer required to be
considered “interior,” the road network (including stream
crossings or adjacencies, and length of roads on unstable
soils), the viewsheds, and some of the water-related informa-
tion are all defined by the user. Once the road network is in
place, management activities simulated by FVS will acti-
vate appropriate road segments. Roads are assumed to be
deactivated after a user-defined period. The water quality
indicators that are simulated are 11 of the ones specified by
the Interior Watershed Assessment Procedures guidebook
(BC Ministry of Forests and BC Ministry of Environment
1995). Many of these depend on knowledge of the active road
and stream network, as described by Greenough and others
(19994, b).

The third category of indicators applies to four wildlife
groups: ungulates, pileated woodpeckers, bats, and bears.
For ungulates, the model predicts the amount of winter
foraging habitat based on stand attributes such as BEC
zone, aspect, age, crown closure, tree size, and presence of
particular understory forage species. Predefined manage-
ment units can be used to track the effects of management
strategies. Two indicators are predicted for bats: edge forag-
ing habitat and roosting trees. Edges are defined as any
boundary between stands with a low height and those with
amuch greater height and a large amount of basal area. Bat
roosting trees are large, hard snags found in stands contain-
ing at least five such snags per hectare. There are three snag
and habitat indicators for pileated woodpeckers. The model
determines the number of drumming snags as large hard
snags that are sufficiently taller than the main canopy
height. Winter foraging snags are those that are a minimum
size and a given species and that are within a certain
distance of a large hard snag. Nesting habitat quality is
determined by the amount of large snags that are present.
Finally, bear habitat quality is calculated as a function of
habitat type and stand developmental stage, while denning
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locations (trees and snags) are measured as a function of
BEC variant, stand slope, and tree or snag size and type. The
specific criteria that are used to measure each of these
indicators are described by Greenough and others (1999a).

Case Study

The model was developed using a case study. The study
areais in the West Arm Demonstration Forest near Nelson,
BC, located on the north side of the west arm of Kootenay
Lake. The study area included the complete Redfish Creek
watershed and two adjacent face units. The area was about
3,300 ha (8,154 acres), with five ecological zones. The simu-
lations used between 699 and 1,507 stands depending on the
management scenario.

For input data, the model required maps with the various
management zones and the road network. For the stand
data, few sample tree lists were available, but some
general characteristics, such as slope, aspect, elevation,
habitat, and cover, were known about all locations. The
sample and summary information was used with a Most
Similar Neighbor Analysis (Moeur and Stage 1995) to assign
a tree list and initial fuel levels to each stand. Root disease
levels were then assigned based on habitat type, age, and
species composition.

The case study simulated 21 scenarios, which explored a
range of different management systems and harvest sched-
ules (Greenough and others 1999c). The scenarios also used
different assumptions about the presence of root disease or
underburns, removal of snags, and road activation.

Example Results

Output was produced for each of the indicators discussed
above. This section does not attempt to provide a compre-
hensive analysis of the 21 scenarios (see Greenough and
others 1999c for the complete results). Rather, it demon-
strates some of abilities of the model and the methods of
examining the output.

One of the key requirements of the model was that it
provide planners with a single tool that can show the results
of both timber and nontimber indicators in a way that can be
used for evaluating the tradeoffs between different assump-
tions. One method of doing this is to produce a table with
some of the key indicators. For example, table 1 compares
the values of seven indicators from four scenarios. The “best”
and “worst” values are highlighted for each indicator. An
analyst can immediately tell that there is no single scenario
that is best for all indicators, and can see some of the key
questions that will need to be considered. For example, if it
is crucial to be able to produce some volume from the
landscape, then scenario 4 is not an option, even though it
produces the highest values for three out of the seven
indicators. If the minimum requirement for old seral stage
is below 29 percent, then scenario 9 may be a good option
because itisbest for three of the indicators and intermediate
for three others.

The EI model has an ArcView-based postprocessing tool
that allows users to select one or more indicators and one or
more scenarios and to produce graphs or maps. Graphs are
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Table 1—Example values for seven indicators from four scenarios. The “best” value for each indicator is shaded in grey, while the “worst” value is
circled. This table is for demonstration purposes only. Many more scenarios and indicators are available in the case study (Greenough

and others 1999c).

Merch. vol. Bear den Deer
harvest sites winter
Scenario ('000 m%/ha) (number) forage (ha)

Bat forage Wood-pecker

Old seral
stage

edges (km) snags ('000) (%

area)

High concern
watersheds
(number)

1: patch 723 244 75

925

195

43

7.3

4: partial 490 221 198

244

126

60

55

7:unman 0 746 80

245

142

64

4.0

9:LgCC 917 288 292

395

264

29

5.9

produced for indicators that vary over time, and multiple
scenarios can be plotted on a single graph (fig.1 and 2). This
can readily be used to assess how values change over time
and how the relative merit of each scenario may differ over
time. For example, in the figures both indicators show
relatively little difference between the scenarios for the first
20 to 30 years, implying that in the short-term, the choice of
scenario may not affect these indicators. By the end of the
simulation, however, the scenarios are each different, and
the choice of “best” scenario is precisely opposite for each
indicator. The unmanaged scenario produces the most den-
ning snags but the least number of woodpecker foraging
snags.

The tool automatically produces several maps in one of
three ways: showing one indicator and one scenario at
several points in time, showing one indicator for several
scenarios at one point in time, or showing several indicators
for one scenario at one point in time. This facilitates com-
parison between indicators and scenarios.

Applying the El Model in Other
Locations

The EI model was designed and tested in southeastern
British Columbia, Canada. Like all other FVS extensions,
with some customization it can be applied to areas in other
regions for which an FVS variant exists. The minimum
requirement is that the appropriate variant of FVS and the
EI model are linked to the PPE. If indicators that require
knowledge of snags or coarse woody debris are desired, the
corresponding FFE variant would also need to be linked into
the PPE framework.

Once linked to the PPE, and with the appropriate input
data, the EI model will run for the selected landscape. Many
indicators, however, depend on the understory species com-
position look-up table, on the developmental stage logic
developed for the case study, or on the ecological zones
represented in the SEI variant of FVS. Each of these would
need to be redefined and coded into the new EI variant.
Many of the other relationshipsin the model, such asthe tree
species or minimum sizes of snags required by different
wildlife species, can be controlled through keywords
(Beukema and others 1999).

124

600

5004 —m—

400

300

200

Number of snags (‘000)

100

Patch-cut
Partial-cut
Unmanaged

Large clearcut

0
2000

T
2020 2040

2060 2080 2100

Year

Figure 1 —Number of pileated woodpecker foraging snags
in four scenarios.
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Figure 2 —Number of black bear denning snags in four

scenarios.
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One of the greatest challenges faced when doing a land-
scape analysis is the availability of spatial data. The EI
model requires input about several spatial relationships
that provide, for each stand:

* Alist of other stands that are within a given distance of
the center of the focal stand.

¢ Alist of other stands that share a border with the focal
stand.

* Which deer management unit the stand belongs to, if
any (optional).

* Which viewshed the stand belongs to, if any.

® The length of stream within the stand, if any.

* The road segment that is within the stand, if any.

Many of these can be produced by a GIS technician if the
applicable landscape, stream, road, viewshed, and deer
management unit maps are provided.

In addition to these stand-based maps, the model also
requires information about the road network. It assumes
that the roads in the landscape have been divided into
different segments that join to form the complete road
network. For each road segment the model needs to know, at
aminimum, the length of the segment and the road to which
it connects. If the watershed indicators are desired, the
model also needs to know for each road segment the length
on erodable soils, number of stream crossings, and length of
the road within 100 m of a stream (see Beukema and others
1999 for more details).

With this information, in addition to a treelist for every
stand, the EI model would be able to run in other areas. If
some information is missing, then the indicators could
simply be ignored. For example, if the watershed assess-
ment rules are not appropriate for a different area, then the
model would not need to know anything about the relation-
ship between roads and streams or soils. Deciding before
doing a simulation which indicators may be important could
facilitate the process of gathering the required information.

Conclusions

The EI Model combines FVS, the FFE, and WRD with the
PPE and a new tool to project timber and environmental
indicators at the stand and landscape level. It combines all
the forecasting and simulation abilities of each of the indi-
vidual components (such as the growth and mortality of
trees, creation of snags and coarse woody debris, and predic-
tion of management options) and provides additional output
on new stand and landscape indicators such as wildlife-
specific habitat quality or quantity, active roads, seral stage
distributions, or water quality measures. The model has
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been applied successfully in southeastern BC and the results
are summarized in several reports. The EI model can be
readily applied in other locations using regional parameter
sets and the appropriate variant of each of the FVS tools.
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