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predictive sense: “Are fish expected 
to be found in stream segment X?” 
None of the DSS available on our list 
are obviously applicable to this type 
of question. A statistical evaluation 
approach was taken because an ex-
ternal source of information (electro-
fishing) was available to calibrate and 
check model results.

In contrast to the other cases, 
the leaders of the Willamette Futures 
Analysis posed a “What if?” type 
question: “What would be the results 
under different policy scenarios?” 
Similar to International Paper, they 
were interested in the intersection of 
many factors at the landscape scale, 
and they also saw maps as an inte-
grating and easily accessible format. 
For these reasons, they also chose a 
GIS database as their core system. 
They wished to estimate biodiver-
sity effects at both the coarse and 
fine scale, so they used a species-
habitat matrix for the former and 
the PATCH model for the latter. For 
aquatic diversity, they used statistical 
models when relationships were suf-
ficiently well understood and expert 
judgment models when definitive 
data were lacking. Relative to many 
efforts, they had a wealth of time and 
capacity and so were able to build 
several custom models particularly 
suited to their needs.

Possible Scenarios and 
Recommendations

In the remainder of this chapter, 
we present a range of situations and 
discuss systems that may be appro-
priate for each. Web links to systems 
mentioned in this section can be 
found in Appendix B. Although there 
is no simple, natural order to the se-
quence of situations presented, they 
generally progress from the simple to 
the complex.

My commercial organization is 
considering a variety of alter-
natives related to improving or 
protecting biodiversity on its forest 
land, and we are looking for an 
easy-to-use software package to 
help structure the decision prob-
lem, and evaluate a set of alterna-
tives that have been identified.

Numerous commercial, off-the-
shelf DSS are available for this type 
of classic decision problem. They are 
generally referred to as multicriteria 
decision models (MCDM). The basic 
objective of any MCDM is to rank a 
set of alternatives by evaluating the 
attributes of each alternative against 
a set of decision criteria. Typical 
applications of an MCDM in the 
context of biodiversity might include 
ranking species for protection mea-
sures based on such factors as their 

rarity, or ranking habitat areas for 
protection based on such factors 
as their exposure to development 
pressures.

Although many different 
MCDM techniques have evolved 
over the past 25 years, one of the 
most popular continues to be the 
analytic hierarchy process (AHP) 
developed by Saaty (1980). Deci-
sion models based on the AHP 
have proven popular because they 
are relatively easy to build, they 

provide a rigorous basis for decision 
making based on well-established 
theory and proven technology, and 
their results are easy to explain, 
making them effective tools for com-
munication. Two MCDM systems in 
relatively wide use, and that imple-
ment the AHP, are Criterium Deci-
sionPlus (http://www.infoharvest.
com) and ExpertChoice (http://www.
expertchoice.com). For a general 
review of MCDM systems, see Men-
doza and Martins (2006).

I am a wildlife biologist, and I 
need to assess the population vi-
ability of a threatened or endan-
gered species. There are concerns 
that the existing or proposed 
pattern of management is not con-
ducive to the continued long-term 
viability of the species. 

RAMAS appears to be one of the 
most widely used wildlife population 
modeling programs. It is specifically 
for modeling metapopulations, that 
is, multiple interacting groups of 
one species. It incorporates spatial 
dynamics, such as the configura-
tion of populations, dispersal, and 
recolonization among patches, and 
similarity of environmental patterns 
experienced by the populations. 
The program can be used to predict 
extinction risks and explore manage-
ment options such as reserve design, 
translocations, and reintroductions 
and to assess human impact on frag-
mented populations.

Another alternative, PATCH, 
models wildlife at the level of in-
dividuals. It is a spatially explicit 
life-history simulator designed to 
project populations of territorial 
terrestrial vertebrate species through 
time. PATCH generates estimates 
of wildlife population size, distribu-
tion, and trends. The model permits 
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landscapes to change with time. 
Model inputs include species’ habitat 
and area requirements, vital rates, 
and movement ability. Model outputs 
include tabular measures of popula-
tion size and maps of population dis-
tribution. Future versions of PATCH 
are planned to address a wider range 
of species life history traits, stressor 
scenarios, and species interaction.

I am a consulting forester to small 
private forest landowners who 
typically manage 100–1000 acres. 
My clients are often interested in 
making some income from sale 
of timber, but are also concerned 
about good land stewardship and 
want to provide suitable habitat 
for locally important wildlife spe-
cies or protect special land cover 
types, such as wetlands.

NED is a public domain DSS 
developed by U.S.D.A. Forest Ser-
vice Research. NED is a collection 
of software tools created to help 
resource managers develop goals, 
assess current and future conditions, 
and produce management plans for 
forests. NED uses an original system 
for prescription design to incorpo-
rate management goals for multiple 
objectives, analyze current forest 
conditions, recommend manage-
ment alternatives, and predict future 
conditions under different alter-
natives. Core outputs include an 
evaluation of goals for any or all of 
five resources: visual quality, wildlife, 
water, wood production, and general 
ecological objectives.

The Landscape Management 
System (LMS) provides a common 
interface to a set of computer appli-
cations that support the analysis and 
communication of landscape-scale 
decisions on forest management. 
They use standard inventory infor-
mation to integrate many analyses 

and predict complex changes in 
stands and landscapes over time. The 
system coordinates the flow of infor-
mation among existing growth mod-
els, computer visualization software, 
and analysis tools to allow the user 
to simulate the growth of stands and 
landscapes and to view the outcomes 
using a “point-and-click” system. 
Preferred management scenarios 
are developed in LMS by evaluating 
multiple projections that can be done 
either at the stand or landscape level. 
Companion tools allow the user to 
develop and compare many alterna-
tives very rapidly.

Both NED and LMS use the For-
est Vegetation Simulator (FVS) for 
projections of stand growth because 
both systems are fundamentally 
stand-based. The Forest Vegetation 
Simulator (FVS) is an individual-
tree, distance-independent growth-
and-yield model, which means you 
need a detailed inventory of your 
forest to use it. FVS simulates growth 
and yield for most major forest tree 
species, forest types, and stand con-
ditions in the United States. FVS can 
simulate a wide range of silvicultural 
treatments. Variants of FVS provide 
growth-and-yield models for many 
geographic areas of the United States. 
Extensions are available to address 
the effects of insects, forest patho-
gens, and fire and fuels issues. FVS 
results can also be fed into other DSS 
for biodiversity analyses. California 
Spotted Owl Wildlife Habitat Rela-
tionships and Multistory Elk Hiding 
Cover are two biodiversity-related 
post-processors available.

I am a member of a watershed 
council, and we are interested in 
examining the effects of different 
levels of harvesting and develop-
ment on water quality and forest 
habitats. We do not have a techni-

cal staff, but may or may not be 
able to partner with the local uni-
versity for some assistance. In any 
case, we need to understand the 
assumptions behind any system 
we use.

If you need to simulate forest 
growth and harvesting yourselves, 
NED or LMS also may be appropri-
ate for you. Both are relatively user-
friendly systems, but require some 
dedicated time (a couple of full days 
at least) and patience to get to the 
point of running your own scenarios. 
In addition, both require detailed 
forest inventories, although estimates 
can always be used. Both include 
some measures of forest wildlife 
habitat (NED for eastern forests and 
LMS for western), but such measures 
depend highly on your geographic 
location, and you may need to devise 
your own.

Very few systems in our survey 
evaluate water quality, and again 
such an evaluation may be quite geo-
graphically dependent. Restore was 
designed specifically for evaluating 
watershed conditions and generating 
optimal restoration options. It has 
no facilities to predict tree growth 
or development patterns, so you 
would need to generate GIS maps 
of any alternatives you would like to 
investigate. You would likely want to 
modify the sample evaluation criteria 
included. You also may be able to 
extract water criteria and ideas from 
some of the more complex models, 
such as Willamette Futures, CLAMS, 
or MRLAM.

If you are not interested in 
simulation or optimization and just 
want a very basic comparison of 
alternatives, you might want to look 
at some of the generic MCDM tools 
discussed in the first situation above. 
EMDS in particular has been used 
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for a number of watershed assess-
ments.

I represent a conservation orga-
nization whose primary mission 
is the conservation of species and 
their habitats. We are concerned 
with the gradual loss of wildlife 
habitat in our region and would 
like to propose an overall con-
servation framework, including 
which areas are the highest priori-
ties for preservation.

A number of systems have been 
developed to address what is of-
ten called the “reserve selection” 
problem (Table 6.3), which involves 
prioritizing possible conservation 
lands based on a number of criteria, 
such as costs and biodiversity values. 
SITES has probably been the most 
widely applied, since it has been 
adopted by the Nature Conservancy 
for use in their ecoregional planning 
efforts. SITES integrates the SPEX-
AN/MARXAN program (which does 
the prioritization/optimization) into 
the ArcView geographic information 
system, enabling users to specify spa-
tial criteria in the process and easily 
display results in maps. Vista is a suc-
cessor to SITES, and it operates as an 
extension to the newer ArcMap GIS 
software. The other reserve selection 
programs have somewhat different 
ways of selecting and prioritizing; 
you can research these features on 
our website and those of the program 
developers (see Appendix B).

I am a manager for a state (or 
federal) natural-resource agency. 
The agency is responsible for a 
large forestland base and has to 
accommodate multiple uses and 
values, although conservation of 
biodiversity is often an important 
consideration in our land manage-
ment decisions. The agency has 
significant technical resources and 

computing capabilities. As a public 
agency, effective communication 
with the public about our deci-
sion processes is a very important 
consideration.

State and federal forest manage-
ment agencies are generally expected 
to manage their forests for maximum 
value (“greatest permanent value” is 
the legal phrasing in Oregon, for ex-
ample). Traditionally, this value has 
been interpreted as maximizing tim-
ber revenues within some constraints 
for environmental, recreational, and 
cultural resources. The state and fed-
eral forest planning examples in our 
15 cases all used forest growth simu-
lators with some form of optimiza-
tion software for this purpose (Table 
6.4, category 3). FVS is probably 
the most widely used forest growth 
simulator; it has variants for many 
different regions of the U.S., and is 
available free from the Forest Service. 
It doesn’t cover all areas, however, 
and many other growth models are 
available. [Richie (1999) has done a 
review for the Pacific Coast.] For-
est growth is highly variable, so any 
simulator can benefit greatly from in-
puts of local growth data. The growth 
and management software is used to 
provide growth and timber yields for 
a number of different management 
options. For maximizing values, you 
need an activity-scheduling program 
(Table 6.3).

The options vary quite a bit, 
from free (Spectrum) to relatively 
expensive (Woodstock). From our 
anecdotal information, Woodstock 
appears to be the most popular in 
the forest industry, and Spectrum 
(a successor to FORPLAN) is the 
most widely used by federal manag-
ers. You may need a combination of 
tools; for example, the Boise-Payette-
Sawtooth National Forest Plan used 

Spectrum for their strategic plan (not 
considering the geographic location 
of resources) and RELM to test the 
feasibility of meeting these targets in 
test areas, given more on-the-ground 
spatial constraints. Woodstock 
includes similar strategic and tacti-
cal planning tools in its family. The 
Oregon and Maryland examples used 
planning heuristics, which attempt 
both a strategic and tactical plan at 
the same time. Taking into account 
spatial considerations boosts the 
number of possible solutions greatly, 
so these heuristics are not able to test 
all options and guarantee an optimal 
solution. If designed well, however, 
they typically come quite close.

I am part of a stakeholder group 
tasked with considering an eco-
system management approach to 
the forests (public and private) in 
our region. Of special concern are 
fire and the effects of alternative 
mitigation strategies.

Fire can be quite difficult to 
model, given the somewhat random 
nature of fire starts and the spatial 
nature of its spread. Several forestry 
DSS include capabilities for model-
ing the effects of fire on forests (Table 
6.5). FVS has a fire and fuels module, 
which can simulate effects of fire, as 
well as potential fire risks for all trees 
in individual stands; however, it does 
not simulate the spatial spread of fire. 
VDDT is often used to simulate fire 
in a similar but even simpler way: the 
user inputs transition probabilities, 
in this case the probability of fire, for 
different vegetation types. Within 
each period this percentage will burn 
and make the transition to a new 
vegetation class. The companion pro-
gram TELSA can locate these burns 
spatially on a landscape. We would 
recommend your technician(s) read 



67

an article by Barrett (2001), which 
compares four of these landscape 
change models in some detail. 
Woodstock and RMLANDS also 
have capabilities for simulating fire, 
but are more complex programs re-
quiring more technical resources. 
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Appendix A. Case Study Briefs

Sean Gordon

Multisectoral applications

	 •	 Willamette Basin Alternative Futures Analysis
	 •	 Sandy River Basin Anchor Habitats Project
	 •	 Forestry Support Program—Spatial Analysis Project
	 •	 Washington State—TNC Ecoregional Planning Model

Federal

	 •	 Northwest Forest Plan Aquatic & Riparian Monitoring Program
	 •	 Boise-Payette-Sawtooth National Forest Plan
	 •	 Red-cockaded Woodpecker Foraging Matrix Application

State

	 •	 Chesapeake Forest Project
	 •	 Oregon’s State Forest Management Planning
	 •	 Washington State Water Typing Model

Local

	 •	 Summit County Lower Blue Subbasin Master Plan
	 •	 Baltimore Reservoirs Forest Conservation Plan

Private

	 •	 International Paper’s Forest Patterns System
	 •	 SFI Certification
	 •	 Vermont Consulting Foresters
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Multisectoral Applications
Willamette Basin Alternative Futures Analysis

Time frame: 1996–2001	
DSS used: PATCH + variety of custom models

Description

WBAFA was designed to help diverse stakeholders understand 
the ecological consequences of possible societal decisions 
related to changes in human populations and ecosystems in 
the Pacific Northwest and to develop transferable tools to 
support management of ecosystems at multiple spatial scales. 

It has been used to simulate the effects of three possible development scenarios 
on eight regional measures of biodiversity over the next 50 years. The process 
included a four-tiered stakeholder involvement and outreach plan and multiple 
biodiversity modeling efforts. Elements of ecosystem management it addressed 
included cutting across ownerships and integrating biophysical and socio-eco-
nomic information.

Analytical Complexity: High (5)

The WBAFA case involved high analytical complexity in terms of space, time, 
forest influences, and biodiversity measures. The overall geographic scope was large 
(~30,000 km2) and was modeled in considerable detail (30-m2 cells reflecting 65 
land use/cover classes). Natural vegetation change and four other influences were 
modeled (urbanization, rural residential, agriculture, forestry) for 10-year intervals 
over 60 years. Impacts of these land cover changes on the four core resources were 
estimated for each period, using a wide variety of models; for example, seven models 
were used for impacts on aquatic life. The principal strategies to limit the analytical 
complexity of the case’s forest biodiversity were as follows: using explicit, bounded 
scenarios, as opposed to an open-ended analysis of trends; evaluating only three 
scenarios; and not modeling selective timber harvesting (thinning & uneven age 
management).

Social Complexity: Medium-High (4)

Social complexity was assessed as medium-high because the citizen group 
directing the modeling involved stakeholders representing diverse interests. 
Additionally, two other publicly appointed groups regularly reviewed the 
modeling process. Its social complexity, however, was a step below a typical 
public resource decision process. WBAFA’s participation was not as wide-open, and 
the project was not making any direct decisions about resource use or regulation. Two 
strategies that limited social complexity were the selection of citizen/modeling partici-
pants on their willingness to work towards consensus and the separation of scenario 
development by citizens from estimating impacts by scientists.

More Information

http://www.orst.edu/Dept/pnw-erc/ (Last accessed June 15, 2006)
http://willametteexplorer.info/  (Last accessed June 15, 2006)

Key Points
•	 The project engaged stake-

holders in constructing 
the analysis, which helped 
create buy-in/trust of the 
model results.

•	 A facilitated working group 
was used as a forum for 
translating between experts 
and stakeholders. 

•	 The project did not engage 
stakeholders in defining 
overall framework, so it 
missed key concerns such 
as economic outcome mea-
sures.

•	 Project leaders developed a 
multi-level communication 
strategy to reach different 
audiences.

•	 Project leaders took advan-
tage of other deliberative 
forums at the same scale.

•	 The project did not directly 
involve a political allocation 
of resources, so it was less 
controversial than some 
other cases included here (it 
was aimed at deliberation 
support rather than deci-
sion support).
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Sandy River Basin Anchor Habitats Project

Time frame: 2004–2005	
DSS used: EMDS

Description

The convening purpose of this project was to bring all the entities (federal, state, 
local governments, watershed council, NGOs) together and develop a basin-wide 
watershed restoration strategy for the Sandy River Basin in northwest Oregon. The 
process was structured to focus on aquatic habitat and produce a collaborative stake-
holder vision across all ownerships. This first phase of the project identified anchor 
habitats. These are distinct stream and river reaches that harbor specific life-history 
stages of four species of salmon and steelhead to a greater extent than the river sys-
tem at large, are critical for the creation and maintenance of high quality habitat, or 

both. Three data sources were used: empirical data from 
existing stream surveys, habitat modeling data generated 
by the Ecosystem Diagnosis and Treatment model, and 
professional judgment from three local experts. Anchor 
habitat stream segments were identified for the four 
species, and these priority areas can now be used to help 
guide habitat restoration planning activities.

Analytical Complexity: Medium (3)

The analysis looked at a medium-sized area (325,000 
acres) at only one time (the present). They simplified 
the task by excluding fish harvest, fish hatcheries, and 
hydroelectric influences. Looking at four species using 
three measures of habitat quality made the treatment of 
biodiversity measures moderately complex.

Social Complexity: Medium-High (4)

Since all parties with an interest in the subject 
were invited to participate, the project resembled an 
open-stakeholder process. Setting restoration priorities 
did not, however, directly allocate resources or drive 
regulations. Excluding fish harvest, fish hatcheries, and 

hydroelectric influences also simplified the problem socially. Otherwise stakehold-
ers at all levels were invited to participate, and no particular social constraints were 
noted.

More information
http://www.oregontrout.org/images/8success/Sandy%20Habitat%20Report.pdf 
(Last accessed July 3, 2006)

Key Points

•	 The DSS helped to combine different sources of 
information.

•	 The DSS helped to structure an explicit approach 
to evaluation.

•	 The model enables future efforts to rerun analysis 
with new data or understandings.

•	 The DSS required some time and effort to learn, 
and so depended on interest and dedication of 
one of the individuals involved. (Without this 
interest, they probably would have used a simpler 
spreadsheet-based scoring procedure.)

•	 Making evaluation procedures and results explicit 
also made errors and omissions very visible (e.g., 
one dry reach got a high score); each error made 
people doubt the whole model, so careful consid-
eration needs to be given to what is shown.
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Forestry Support Program—Spatial Analysis Project

Time frame: 2001–present	
DSS used: Standard GIS systems plus a new web-based database system

Description

The U.S.D.A. Forest Service Forestry Support Program (FSP) provides technical as-
sistance, through State forestry agency partners, to nonindustrial private forest owners to 
encourage and enable active long-term forest management. A primary focus of the program 
is the development of comprehensive, multi-resource management plans that provide land-
owners with the information they need to manage their forests for a variety 
of products and services. Under pressure from the Office of Management 
and Budget to better demonstrate program effectiveness, the FSP has been 
developing the Spatial Analysis Program to track and summarize informa-
tion about properties enrolled in the program. It is providing an online 
interface that helps create stewardship plans that qualify for the program 
and stores the information in a central database. It provides a basic set of 
GIS data which can be used to evaluate impacts of (and possibly prioritize) 
stewardship activities. States can add their own data layers and weighting 
systems.

Analytical Complexity: Medium (3)

Although the forest and biodiversity measures used are likely to be rela-
tively simple, the overall analytical complexity was rated medium because 
of the very large geographic scope and likely state-to-state variability of the 
analyses. The spatial extent of the DSS is very large, incorporating the 354 
million acres of the U.S. estimated to be under nonindustrial private owner-
ship, and spatial resolution needs to be quite fine to pick out properties 
down to 10 acres (or less in some states). The actual analysis area is reduced, 
however, because individual states are responsible for determining their 
priority areas and only a small portion of private lands are actually involved 
in the program. Twelve basic data layers are proposed nationally (includ-
ing threatened and endangered species) and more can be added by states, if 
they wish.

Social Complexity: Medium-low (2.5)

Social complexity is rated medium-low because the interactions are primarily de-
cisions shared between two organizations: between the state and the Forest Service for 
the priority analyses and between the state and the landowner for stewardship plans. 
Stewardship plans involve incentives, rather than regulations, so they are not as con-
troversial. The state prioritization processes may become more controversial, as they 
will influence the allocation of resources locally (and possibly, eventually, nationally).

More Information
http://www.fs.fed.us/na/sap/  
(last accessed June 20, 2006)

Key Points
•	 Involvement of local (i.e., state) repre-

sentatives seems desirable; in the pilot 
phase it resulted in a broad buy-in 
from the states.

•	 Flexibility given to state analytical 
methods has created consistency 
problems and made quality control/
oversight more difficult.

•	 Information privacy is a big issue 
because the system deals with private 
lands data; arranging appropriate lev-
els of access for different hierarchical 
levels is a major task. (Records must 
be anonymous at higher levels.)

•	 Although not originally intended to 
prioritize assistance (a somewhat sensi-
tive issue—FSP support has been on a 
first-come first-served basis), there is 
concern that state and federal pressures 
for efficiency may drive it that way.
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Washington State–The Nature Conservancy Ecoregional Planning Model

Time frame: 2002–present
DSS used: SITES

Description

To guide biodiversity conservation and land use planning across Washington 
State, the Washington Departments of Fish and Wildlife (WDFW) and Natural Re-
sources (WDNR) joined with The Nature Conservancy (TNC) in a partnership to do 
an ecoregional assessment for each of Washington’s nine ecoregions. Each assessment 
attempts to identify and prioritize places for the conservation of all biodiversity in an 
ecoregion. The relative priorities are based on such factors as species rarity, species 
richness, species representation, site suitability, and overall efficiency. Statistical mod-
els for suitability are typically not available, so therefore much of the index is based on 
expert opinion. Expert opinion was incorporated by using an abbreviated version of 
the analytic hierarchy process. The analysis utilizes an optimization program known 
as Sites to find the most efficient set of conservation units.

Analytical Complexity: Medium (3.5)

The characterization of biodiversity was quite complex, 
with over 800 kinds of biodiversity elements considered, and 
the spatial complexity was also medium-high, comprising over 
8000 polygons. On the other hand, the analysis only focused 
on the current situation (no temporal projection), so dynamic 
forest influences were not considered. These high and low com-
plexity aspects led to an overall rating of medium.

Social Complexity: Medium (3)

Although the assessments are a public, open stakeholder 
process, they do not have an immediate effect on regulations or 
the allocation of resources. Participants described the process 
as a primarily technical one, although involving multiple stake-
holders.

More Information

http://www.ecotrust.org/placematters/assessment.html (Last 
accessed July 5, 2006)
http://conserveonline.org/workspaces/cbdgateway/era  (Last accessed July 5, 2006)

Key Points

•	 Coarse filter (habitat types) and fine filter 
(individual species occurrences) ap-
proaches were used to best characterize 
biodiversity.

•	 There is little statistically rigorous data at 
the ecoregional scale, so assessments tend 
to rely on expert opinion.

•	 Explicit modeling forced the partners to 
come to consensus about evaluating con-
servation priorities.

•	 The NGO partner was able to set a specific 
conservation goal, but the state agencies 
did not feel they had the policy authority 
to do so.
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Federal
Northwest Forest Plan Aquatic & Riparian Monitoring Program

Time frame: 2003–2005	
DSS used: EMDS

Description

The Aquatic and Riparian Effectiveness Monitoring Program (AREMP) is 
charged with monitoring and assessing the condition of aquatic ecosystems 
and their riparian and upslope influences in the Northwest Forest Plan 
area. The NW Forest Plan is a common management strategy that was 
implemented in 1994 across all federal lands in the range of the northern 

spotted owl, approximately 24 million acres in western Washington, Oregon, and 
northern California. AREMP uses a randomized sampling strategy to sample in-
stream, riparian, and upslope indicators on a total of 250 
watersheds (about 10% of the total) every five years.

Assessment of watershed condition is a complex task 
involving considerable social and scientific uncertainty, 
such as what attributes of the watershed are important 
and what are the influences of the myriad of watershed 
processes on one another? Many of the past watershed 
assessments had been done using expert teams, who were 
able to use their best judgment to make assumptions 
about these complexities and uncertainties. A group of 
experts would be confined to a room with maps and data 
and not allowed out until they had colored all the water-
sheds “good, fair, or poor”. The main problems with this 
approach were that such decisions were difficult to under-
stand or repeat. A year (or week) down the line, the forest 
supervisor might not be able to explain why a particular 
area was rated “poor”, or a different group of experts 
might well come up with a different set of ratings.

The science team that designed AREMP understood 
these problems and recommended the use of a decision 
support system called Ecosystem Management Decision 
Support (or EMDS for short). EMDS could be used to 
capture the experts’ assessment criteria, so they would be 
documented and consistently applied. Other reasons for 
the DSS choice were that it was developed by the Forest 
Service and had been tested for watershed evaluations before.

The AREMP team drafted an initial model internally to become familiar with the 
process. This initial model did not distinguish the biophysical differences between 
different areas of the plan (e.g., water temperature might naturally be higher in some 
areas than in others), nor did it capture the range of expertise available. To address 
these shortcomings, the AREMP team divided the Plan area into seven biophysical 
provinces and held a series of workshops to develop a model for each. A total of 36 
experts from the Forest Service and BLM attended the 2-day workshops, and an ad-

Key Points

•	 Regulatory agencies were not initially invited to 
participate (to avoid typically contentious ESA 
consultation procedures). 

•	 Although the Northwest Forest Plan has been 
highly contentious, this analysis was not, most 
likely because it was not directly tied to any al-
location of resources. 

•	 A relatively simple evaluation model (roads & 
vegetation) was used for a complex concept.

•	 Neither scientists nor stakeholders complained 
about simplicity, and both supported the attempt 
at making the evaluation explicit and quantita-
tive.

•	 Results were presented to the Regional Inter-
agency Executive Committee, but there are no 
clear mechanisms for how results are expected to 
influence decision making.
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ditional 41 provided some input but did not attend. For the most part, attendees did 
not appear to have a difficult time understanding the modeling process concepts, after 
a short Powerpoint presentation on them.

Construction and testing of the different models were relatively rapid (a few days 
each), but assembling the data to run through the models took the team most of the 
next year. Final formatting of the data to fit the models also took as much effort as 
building the models themselves. These runs were presented in a second round of 
workshops intended to verify whether the models actually worked as intended. In 
most cases, at least a few changes were needed to bring the models into line with the 
experts’ knowledge. 

The AREMP team published the model results as part of the 10-year evaluation of 
the Northwest Forest Plan. Next they will need to decide when and how the models 
should next be updated.

Analytical Complexity: Medium (3)

The analytical complexity of the AREMP modeling process was judged to be 
medium. The overall geographic scope was large (~24 million acres), but the analysis 
was restricted to a sampling of 250 watersheds within the broader region. Only two 
past periods were considered, so the model did not require any simulation dynamics. 
Many different vegetation, roads, and in-stream indicators were used, and the stand-
replacing habitat influences of harvesting and fire were integrated. Assembling these 
data across three states and two Forest Service regions was a moderately complex task. 
Finally, different models were developed to represent the seven provinces.

Analytical complexity was limited in a number of ways: the broader concept of 
watershed health was limited to a fish habitat analysis; the in-stream indicators were 
limited to those already collected by the monitoring program; landscape (GIS) indi-
cators were limited to those available for roads and derivable from the Forest Service 
vegetation inventory; and indicators were scored on their general contribution to 
habitat, rather than an absolute influence on fish habitat.

Social Complexity: Medium-low (2.5)

The complexity of the immediate social context of the modeling process was me-
dium-low. The modeling occurred within the highly contentious and political context 
of the Northwest Forest Plan, and its Aquatic Conservation Strategy was recently 
rewritten to address what the authors perceived as misinterpretations of their intent 
by the courts. This new strategy is being challenged in court. In contrast, the monitor-
ing program itself has not been particularly contentious. All sides seem to agree that 
monitoring is essential, and the monitoring results are not directly tied to any reallo-
cation of resources. Social complexity was limited by narrowing participation mostly 
to staff from land management agencies to avoid potentially contentious arguments 
with regulatory agencies and the public.

More Information

http://www.reo.gov/monitoring/watershed/ 
(Last accessed August 4, 2006)
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Boise-Payette-Sawtooth National Forest Plan

Time frame: 1997–2003
DSS used: Spectrum, RELM, VDDT, web-based mapping

Description

National forests are required to update their management plans every 10–15 
years. The adjacent Boise, Payette, and Sawtooth National Forests in southern Idaho 
and northern Utah decided to update their plans together in order to better un-
derstand larger landscape issues and to address their many common concerns 
more efficiently. National forest plans do not make specific decisions about 
timber harvesting or other activities, but rather have been described as more 
akin to land use zoning in determining overall rules and activities appropriate 
for certain areas. As part of planning, forests are required to calculate an “Al-
lowable Sale Quantity” (ASQ) of timber, which led the forest to use Spectrum, 
the standard DSS used for this purpose on national forests. The forests soon 
realized that the basic forest growth and harvesting model could be expanded 
to help evaluate other effects of the different possible management alterna-
tives. The model was expanded to include 120 vegetation classes (combina-
tions of vegetation types, successional stages, and canopy closures) that were 
distributed across seven land allocation zones over 50 years for each of seven 
broad management alternatives. To get a more detailed view of the feasibility 
of these alternatives, the RELM DSS was used to take these Spectrum outputs 
and distribute them further down to 6th field watersheds (about 200 per for-
est). Because fire is an important influence in the region that was not explicitly 
modeled by Spectrum and because there was some suspicion of inherent biases 
in optimization modeling, a parallel modeling exercise using the VDDT DSS 
was also undertaken near the end of the planning process. (VDDT had also 
been used to model the unforested parts of the planning area.)

Analytical Complexity: High (5)

The forests cover a relatively large area (6.6 million acres), and analyses of 
management options were disaggregated to the subwatershed level (approximately 
200 per forest). Habitat trends were analyzed for seven alternatives over 50 years. 
The effects on approximately 20–30 species were analyzed, ~10 quantitatively and 
the rest qualitatively. The analytical complexity was considerable, but we could say 
it was limited by choosing no more than seven alternatives, modeling them for no 
more than 50 years (some other national forest plans have gone up to 150 years), 
looking at the subwatershed (rather than stand-level), and using groups of indica-
tor species, rather than trying to model effects on all species.

Social Complexity: High (5)

Social complexity was high because national forest planning is an open stakeholder 
process that directly affects on the allocation of resources. The social complexity of the 
modeling process was somewhat limited by the fact that the public was not directly in-
volved at all points and only saw the end results of the modeling in formal presentations.

More Information
http://www.fs.fed.us/r4/sawtooth/arevision/revision.htm (Last accessed December 21, 2005)

Key Points

•	 The scope of the modeling 
project can change signifi-
cantly during the project; 
initial calls for “back of the 
envelope” analyses for ASQ 
eventually evolved into a 
model with 120 vegetation 
classes.

•	 The kinds of DSS tradition-
ally used to calculate tim-
ber harvest levels are now 
being used to model more 
complex vegetation dynam-
ics over time for a variety of 
resource outputs.

•	 Multiple DSS are often 
needed to meet complex 
needs: separate models 
were needed to handle the 
strategic (Spectrum) and 
tactical (RELM) aspects 
of planning; a simulation 
approach (VDDT) was also 
done to provide an alterna-
tive view.
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Red-cockaded Woodpecker Foraging Matrix Application

Time frame: 2006–present	
DSS used: Custom ArcGIS 9.x extension

Description

The red-cockaded woodpecker (RCW, Picoides borealis) is one of the longest 
recognized federally endangered species. It lives only in open, mature, and old-growth 
pine ecosystems in the southeastern United States, a habitat that has declined rapidly 
due to fire suppression and short-rotation forestry. Its current abundance is estimated 
at less than 3% of its abundance at the time of European settlement.

In 2003, the U.S. Fish and Wildlife Service published a major new revision of the 
RCW recovery plan that includes updated management guidelines for both fed-
eral and nonfederal lands. Applying these guidelines on the ground can be complex 
because breeding groups often occupy a cluster of nesting trees, and multiple groups 

may be found adjacent to one another. To encourage compliance with the 
new regulations, the FWS has developed an extension to the popular ArcGIS 
software that can assist managers in meeting the new guidelines. The software 
is referred to as the “RCW Foraging Habitat Matrix Application” and can be 
downloaded free from the internet (http://www.fws.gov/rcwrecovery/matrix.
html). It builds on previous work by Fort Bragg on automating habitat evalu-
ations based on digital forest inventories. The GIS software company (ESRI) 
and U.S. Army Environmental Center also contributed significant resources 
to the effort. One important difference from the past effort is that the new 
guidelines require habitat details not normally present in forest inventories, 
including ground cover and midstory hardwoods.

The software was released in April 2006, so it is too early to gauge its 
impact. The authors expect considerable feedback and refinement of the tool, 
and a central design goal was to build in as much flexibility as possible.

A few RCW modeling efforts simulate how populations of the bird 
will fluctuate over time given environmental influences. These models are 
considerably more complex in that they simulate individual birds over 
time in a spatially explicit manner. Designers of one of these models run it 
on their mainframe computer for clients on a contractual basis. They have 

also recently (2006) received a contract from the Department of Defense to create a 
desktop computer version for managers, expected to be completed in 2009.

Analytical Complexity: Medium-low (2)

The analytical complexity of the tool is rated at medium-low. The geographic 
resolution is high (stands with individual tree lists), but the scope considered is very 
local (RCW group home ranges, ~80–500 acres each). The application enables the 
user to enter changes in habitat values (such as a planned clearcut) and see the result-
ing changes in the suitability scores. Several coarse filter habitat indicators are used, 
including forest types, basal area of different forest structural stages, canopy cover, 
and fire history. Analytical complexity was limited by considering only group needs in 
one location at one point in time. As mentioned, a more complex tool was developed 
separately for looking at multiple groups over time.

Key Points

•	 As the sophistication of our 
understanding of habitat 
needs increases, computer 
tools may be able to help 
managers keep up.

•	 Building flexibility into the 
software allows users to 
modify model parameters to 
reflect their local conditions.

•	 Data not commonly col-
lected for forest inventories 
are often needed for habitat 
evaluations.
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Social Complexity: Medium (3)

The social complexity is rated at medium because the software development and 
use process involves mainly shared decisions between two organizations (a regulator 
and the regulated). Social complexity has been limited, at least in the development 
stages of the software, because the discussion appears to have been dominated by a 
well-established community of experts, rather than by a more publicly oriented pro-
cess, like a national forest plan.

More Information

http://www.fws.gov/rcwrecovery/matrix.html 
(Last accessed June 27, 2006)
http://www.serdp.org/Research/upload/SI_FS_1472.pdf 
(Last accessed June 27, 2006)
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State
Chesapeake Forest Project

Time frame: 1999–present
DSS used: Habplan and GIS

Description

The Chesapeake Forest consists of 58,000 acres of forest land scattered over 
the eastern shore of Maryland, and it makes up about 12% of productive 
timberland in the region. In 1999, the state of Maryland and the Conser-
vation Fund cooperated to purchase the lands from an exiting industrial 
owner. The Conservation Fund transferred title to the state the next year, 

but also included a sustainable forestry management plan and ongoing contract with 
consultants for management. As part of the management plan, the Habplan DSS was 
used to model a possibility curve for endangered Delmarva fox squirrel habitat versus 
timber volume extraction. The Habplan model has not been rerun since the transfer; 
the project instead relies on relatively simple GIS system for its ongoing planning. 
However, a recent forest certification audit recommended more attention to future 

habitat modeling.

Analytical Complexity: Medium (3)

Analytical complexity was rated medium because of relatively 
high spatial and temporal complexity but relatively low complexity of 
the forest and biodiversity measures. Spatial complexity was me-
dium, due to moderate size (58,000 acres) but a fairly high resolution 
(2080 individual stands), and the area was modeled over 50 years. 
Analytical complexity was limited by modeling only two resources 
(wood products (saw timber and pulp) and fox squirrel habitat) and 
by modeling softwood (pine), not hardwood, stands.

Social Complexity: Medium (3.5)

Although the project became an open stakeholder process, which 
involved the allocation of public resources, this process occurred af-
ter the modeling was complete. The model was not a focus of contro-
versy in the public planning process; rather, it was mostly irrelevant 
as the process became dominated by the issue of hunting rights. The 
model was more relevant in the prepublic phase, where the endan-
gered species was being considered from a regulatory and species 
recovery standpoint by the governmental agencies involved.

More Information

http://www.dnr.state.md.us/forests/chesapeakeforestlands.asp
(Last accessed November 11, 2005)

Key Points
•	 The Habplan model helped frame 

broad management options and is still 
referred to.

•	 The model was run by a consultant, and 
the state agency overseeing the plan 
never developed the in-house capacity 
to run it (although certification may 
now give them an impetus to do so).

•	 The state agency is currently using 
simple GIS overlays to screen sites for 
management, but would like to project 
timber yield.

•	 Broad biodiversity issues and analysis 
did not generate much interest in the 
public planning process; the stakehold-
er group became dominated by public 
input and discussion on opening lands 
for hunting.
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Oregon’s State Forest Management Planning

Time frame: 1999–present
DSS used: FVS plus a custom-developed scheduling model

Description

To provide decision support to the Board of Forestry for its 2001 revision of the 
strategic long-term plans for state forest management, the Oregon Department of 
Forestry (ODF) modeled different alternatives on timber production and complex 
stand structure development. A public planning process, begun in the mid-1990’s, 
had identified a range of management options, from industrial forestry to conserva-
tion-focused approaches. A compromise active-management approach, referred to as 
“structure-based management,” was identified as the preferred alternative. The first 
analytical effort in 1999 compared outputs from structure-based management to five 
other scenarios from the identified range of alternatives. Originally scheduled to be 
completed in five months, the effort took nearly a year longer because of the extensive 
work needed to prepare all the necessary data. A variety of growth and thinning op-
tions were generated with the ORGANON growth-and-yield program. These were fed 
into a custom-programmed, spatially explicit harvest scheduling model created by a 
professor at Oregon State University. The model projected the alterna-
tives for a 200-year planning horizon in 10-year intervals. The primary 
indicators used to describe the results of the alternatives were harvest 
volume, net present value and area of land in the oldest two (of five) 
structure classes. The Board of Forestry approved the structure-based 
management plan in early 2001. 

As with most modeling efforts, both available time and data were ma-
jor constraints. Stand-level inventories, road access data, and information 
on the growth-retarding effects of an emerging disease problem (Swiss 
needle cast) were all weak or not available in formats that could be easily 
incorporated into the model. Further, there was little time to involve the 
various district and field foresters in refining the results. Because of these 
shortcomings, the results from these initial modeled alternatives were 
portrayed as relative, not absolute. Nevertheless, when operational esti-
mates the districts produced (after the plan had been adopted) came in 
at only about half the model-predicted harvest, it became a major politi-
cal issue with the counties and forest industry that depended heavily on 
revenues from these forests.

In 2003, the counties and the state agreed to a formal three-year, 
$2 million dollar project to enhance the modeling process in order to 
provide decision support for a potential revision to the management 
plan, to support a decision on whether to pursue a habitat conservation 
plan, and to help set harvest levels. This Harvest and Habitat Model 
Project (H&H) utilized a new stand-level inventory, improved growth 
projections (including updated impacts from Swiss needle cast and the use of the 
Forest Vegetation Simulator program), and incorporated the costs and constraints of 
silvicultural options and operational harvest units, including associated transportation 
systems. District foresters were involved at every stage in the development of model 
inputs and in a feedback loop with the modelers to help check and refine the feasibil-

Key Points

•	 Existing data were not adequate (in 
accuracy or format) for the model-
ing goals; a new (and expensive) data 
generation initiative was needed.

•	 Although initial results were char-
acterized as relative, they created 
concrete expectations that have been 
hard to break.

•	 Engaging field personnel in an itera-
tive model refinement process was 
necessary to incorporate on-the-
ground constraints and generate 
realistic model outputs.

•	 Involving stakeholders is a widely 
recommended strategy, but scenarios 
they generate may be outside what 
decision makers see as their viable 
decision space.
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ity of model operations. A separate GIS-based tool was developed to help facilitate 
this checking. Four alternatives were modeled: the current management plan, using 
both a proposed habitat conservation plan and an endangered species “take avoid-
ance” strategy; the current management plan with only “take avoidance”; and timber 
and conservation-oriented alternatives (elaborated in conjunction with these separate 
stakeholder groups). The final results of this second phase were presented to the Board 
in early 2006. Although Board members seemed to understand the model results, 
they were not clear on their “decision space”, i.e., how much legal latitude they have 
to adjust the plan and what are the specific features they can adjust. Timber interests 
questioned the validity of the plan (not the model) because the new model estimates 
are considerably below earlier estimates and what they consider sustainable. Although 
the H&H project is now officially completed, the tools created will continue to be 
refined and used in the state’s forest planning processes. In August 2006, a peer review 
of the model was conducted, providing considerable information on the strengths and 
weaknesses of this effort (available at the website cited below).

Analytical Complexity: Medium-high (4)

Analytical complexity of the forest component was high and the biodiversity com-
ponent medium, leading to an overall rating of medium-high. The forest component 
modeled a high number of spatial (~400,000) and temporal units (150 years by 5-year 
intervals), requiring many decision variables (~3.6 million binary) plus additional 
decision variables for the embedded transportation network and control of the distri-
bution of complex forest patches across the landscape. Stands were modeled by using 
individual tree lists. On the biodiversity side, results were grouped into five general 
stand structure classes. Thirty-nine wildlife species were placed in three groups (gen-
eralists, simple structure specialists, complex structure specialists). Four high-level 

management options were modeled, most with various suboptions.

Social Complexity: High (4.5)

Social complexity was quite high because this is a public open-
stakeholder process that directly allocates resources (to harvest or 
conservation). It was ranked slightly below the Washington Water 
Typing case (which involved regulation of private lands) and the 
Boise-Payette National Forest planning (a federal process involving 
more public involvement rules and a wider stakeholder base).

More Information

http://www.oregon.gov/ODF/STATE_FORESTS/Harvest_and_
Habitat_Model_Project.shtml (Last accessed December 5, 2006)

Overhulser, P., J. Sessions, R. Holloway, M. Rasmussen, and D.L. 
Johnson. 2006. Oregon State Forests—An approach to policy analysis 
under complex demands. Oregon Department of Forestry, Salem, OR. 

Sessions, J., P. Overhulser, P. Bettinger, and D. Johnson. 2006. Linking 
Multiple Tools: An American Case. P 223–238 in Computer applications in sustainable 
forest management, including perspectives on collaboration and integration. Series: 
Managing Forest Ecosystems, Vol 11. Shao, G., and K. Reynolds (eds.). Springer-Ver-
lag, New York.

Additional Points from Project Staff 
(not elaborated in our description)

•	 Project management should be 
initiated at the start of a project.

•	 Quality control and quality assur-
ance procedures should be de-
veloped early, and sufficient time 
should also be allocated for model 
verification and testing.

•	 Modeling projects can provide a 
company or agency the opportunity 
to examine program functions and 
operational considerations for more 
efficient operations.

http://www.oregon.gov/ODF/STATE_FORESTS/Harvest_and_Habitat_Model_Project.shtml
http://www.oregon.gov/ODF/STATE_FORESTS/Harvest_and_Habitat_Model_Project.shtml
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Washington State Water Typing Model

Time frame: 1999–present
DSS used: GIS and custom built logistic regression model

Description

The Washington Forest Practice rules require different riparian buffer widths 
to fishbearing and nonfishbearing streams (making this distinction is referred to as 
“water typing”). The regulatory maps in force in the mid-1990s were found to signifi-
cantly underestimate fish habitat, so the multi-stakeholder group negotiating the new 
regulations agreed to develop a new scientific, model-based approach. The state Board 
of Forestry adopted a regulation supporting the model-based ap-
proach, with the stipulations that the model achieve 95% accu-
racy and that a precautionary interim rule, which overestimates 
fish presence, would be followed during model development. 
A multistakeholder science group has been working on the 
model since 2000, but their modeling has not been able to meet 
the 95% accuracy threshold in all areas of the state because of 
geomorphic variability and the limited resolution of the topo-
graphic data. Debate on the further development and potential 
use of the water-typing model continues, and the interim rule 
remains in force.

Analytical Complexity: Medium-low (2)

The extent of the modeling task was large, the whole state 
of Washington, but the analytical complexity of the modeling 
process was deliberately kept low (at least conceptually). The 
model results were simply fish presence versus absence, which 
was based on only four geographic attributes: basin size, eleva-
tion, downstream gradient, and mean annual precipitation. The 
model was designed to represent just one snapshot in time. Analytical complexity was 
limited by limiting the number of models developed to two (east/west) and using only 
a small subset of possible habitat variables.

Social Complexity: High (5)

The social complexity of the case was very high because it occurred in an open 
stakeholder context involving direct allocation of resources. The purpose of the model 
was to set regulations, which have large, direct economic and biological consequences. 
Social complexity was limited by asking scientists to set aside their organizational 
goals in the scientific work groups.

More Information

http://www.dnr.wa.gov/forestpractices/watertyping/ (Last accessed July 3, 2006)

Key Points

•	 The burden of proof can swing dramati-
cally in a political process.

•	 DSS can improve the accuracy of predic-
tions; however, this inevitably threatens 
those parties whose interests are favored 
by the existing burden of truth.

•	 Basing model acceptance on a standard of 
accuracy (especially a high absolute one) 
appears to be a common sense approach, 
but parties can use technical debate to 
delay implementation on what ultimately 
must be a political decision.



82

Local
Summit County Lower Blue Subbasin Master Plan

Time frame: 1995–2000 	
DSS used: GIS (System for Conservation Planning—SCoP)

Description

Much of the responsibility for land use planning in the U.S. falls to county-level 
government. There are, however, few written examples of DSS use related to biodi-
versity issues at the county level. One exception is the work of Tom Hobbs and David 
Theobold at Colorado State University. One of their examples is a collaboration with 
Summit County, Colorado, which is located about 60 miles west of Denver and is 

the home of the mountain resorts of Breckenridge, Vail, and 
Keystone. In terms of population, it has been one of the fastest 
growing counties in the nation (99.5% increase from 1990–
2000). The White River National Forest occupies over 80% of 
the total land area in the county, and considerable develop-
ment has occurred in forested areas or on private urbanized 
lands that are forested and adjacent to federal lands (i.e., the 
wildland/urban interface). As is common in many U.S. coun-
ties, a citizen committee updates a “master plan” for the county 
every few years. These plans do not directly set regulations, 
but rather provide guidance in setting legal standards, such as 
zoning regulations. In Summit County, the comprehensive plan 
is further subdivided into four subbasins, of which the Lower 
Blue subbasin is the least developed to date.

Dr. Hobbs championed the need to better integrate biodi-
versity information into county-level planning and received 
funding in 1994 to develop such a system from the Great 
Outdoors Colorado fund (state lottery money) and the Colo-
rado Division of Wildlife. County commissioners from Sum-
mit and Larimer expressed interest and provided support for 
implementation in their counties. In addition to the computer 
programmers and scientists, Hobbs assembled a collaborative 
design group consisting of a county commissioner, a planner, 
a developer, a land owner, a wildlife manager, and some envi-
ronmental advocates. The system was built using an iterative 
process of collecting ideas from the design group, constructing 

prototypes, and obtaining feedback. Theobald et al. (2000) describe one of the lessons 
learned in the collaborative design process:

Scientists on our design team originally advocated development of generalized popula-
tion viability models as a way to analyze the consequences of development of a patch of 
habitat. However, the citizen participants found this approach to be obtuse and exces-
sively technical, requiring them to take ‘on faith’ the validity of models produced by ex-
perts. There was a strongly expressed sentiment among these nontechnical members of 
our design team that they must be able to explain any analysis we used in a reasonable 
way to their fellow citizens, without relying on ‘outside’ technical expertise to establish 
the credibility of the analysis.

Key Points

•	 There is a gap between the general scien-
tific principles established on landscape 
habitat evaluation and the specificity 
needed to implement them in a land use 
plan; expert interpretation is needed. 

•	 Citizen involvement is needed to make 
the many value-based judgments needed 
in conservation planning.

•	 Models used must be simple enough for 
stakeholders to understand.

•	 Models tend to become complex as they 
are customized for a particular use; in 
order to be transferable to other locales, 
they must be stripped to a few core ele-
ments.

•	 Landowners value plans and regulations 
that are constant and predictable, which 
conflicts with the “learn as you go” pro-
cess of adaptive management favored by 
ecologists.
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Additionally, they found a gap between the generalized theories that scientists 
work with and the more specific information needed in local land-use planning. 
Bridging this gap required experts willing to make difficult judgments or assumptions. 
Many of the assumptions and parameters also involved value judgments, which were 
most appropriately derived from the stakeholders. They also encountered difficulties 
in bridging the differences in time and space as they relate to ecological processes 
(long times and large areas) versus county planning processes (shorter times and 
smaller areas). Most biodiversity data is collected at the state level, so the level of detail 
is often less than ideal for local planning.

The resulting maps were used by the county in the update of their Lower Blue 
Master Plan. By the end of the process, the SCoP tool had become too complex to be 
easily transferable to other counties, and there was less political support at the state 
level for such planning related to private lands. Some of the ideas were incorporated 
into a statewide service operated by the Division of Wildlife called the Natural Diver-
sity Information Source (NDIS). NDIS provides basic county-level statistics, species 
status lists, and internet maps of historical land use development trends. It does not, 
however, provide the type of species distribution and future build-out analyses that 
formed the core of the Blue Subbasin analysis.

Analytical Complexity: Medium (3)

The analysis looked at a midsized area (178,400 acres/722 km2) at a fairly high level 
of resolution (much of the data was from 30-m2 satellite imagery or 1:24,000 scale maps). 
The analysis was simplified by looking, not at changes over time, but rather the maximum 
“build out” estimate under nine development scenarios. Biodiversity was simplified to four 
measures: rare vegetation types, habitat for species of special concern (federal and state), 
neighborhood species richness, and economically important species habitat.

Social Complexity: Medium-high (4)

Social complexity was relatively high because it was a public planning process with 
a likely effect (although not direct regulation) on private properties. Although the 
design group was diverse, it was also small and necessarily simplified the full range of 
possible perspectives. 

More Information

Natural Diversity Information Source (NDIS). Online: http://www.ndis.nrel.colostate.
edu/ (Last accessed July 31, 2006)

Theobald, D.M., and N.T. Hobbs. 2002. A framework for evaluating land use planning 
alternatives: protecting biodiversity on private land. Conservation Ecology 6(1):5. 
Online: http://www.consecol.org/vol6/iss1/art5 (Last accessed July 31, 2006)

Theobald, D.M., N.T. Hobbs, T. Bearly, J.A. Zack, T.Shenk, and W.E. Riebsame. 2000. 
Incorporating biological information in local land-use decision making: designing 
a system for conservation planning. Landscape Ecology 15(1):35–5.

Duerksen, C.J., N.T.Hobbs, D.L. Elliott, E. Johnson, and J.R. Miller. 1996. Managing 
development for people and wildlife: a handbook for habitat protection by lo-
cal governments. Clarion Associates of Colorado, LLC and Colorado Division of 
Wildlife, Denver, CO. Online: http://www.ndis.nrel.colostate.edu/handbook/ 
handbook.html (Last accessed July 31, 2006)

http://www.ndis.nrel.colostate.edu/
http://www.ndis.nrel.colostate.edu/
http://www.ndis.nrel.colostate.edu/handbook/handbook.html
http://www.ndis.nrel.colostate.edu/handbook/handbook.html
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Baltimore Reservoirs Forest Conservation Plan

Time frame: 2000–2003	
DSS used: NED-1 and ArcView GIS

Description

The city of Baltimore, Maryland, used a combination of computer-based tools, 
primarily the ArcView geographic information system (GIS) and the NED-1 system, 
to analyze risks to the long-term sustainability of their reservoir lands and to develop 
and evaluate alternative scenarios for management of the lands. While maintaining 
water quality was the primary goal, the second and third goals were maintaining and 
enhancing the forest habitat as a contribution towards regional biodiversity. NED-1 
inventories incorporated data needed to evaluate wildlife habitat composition and 
structure and the quality of habitat along first- and second-order streams. While 

providing a platform for the management and analysis of data 
on numerous key abiotic and biotic forest characteristics, the 
NED-1 decision support software did not provide a mechanism 
for evaluating the relationships of these landscape elements. 
The need to understand how landscape context and current 
ecological processes were shaping the forest required a syn-
thesis of tools and often required stepping outside the deci-
sion support mechanism for critical answers to conservation 
problems.

Analytical Complexity: Medium-low (2.5)

The spatial complexity of the analysis was relatively low: it 
covered 17,580 acres divided into 836 stands. Fourteen types of 
forest plant communities were distinguished, and several ele-
ments of forest habitat structure were analyzed (vertical canopy 
structure, interior habitat, coarse woody debris). Simplifying 
assumptions included using only these “coarse filter” measures 
of biodiversity; no individual species needs were tracked, and 
no temporal aspect of the analysis was mentioned, so it appears 
it was based only on the current inventory.

Social Complexity: Medium-high (4)

The social complexity of the case was rated medium-high 
because the report was expected to significantly influence the 
management of these public lands. Several local recreation 
groups (bird watchers, mountain bikers, hunters, boaters) had 
considerable interest in the lands. Rather than relying primar-
ily on large, formal public forums, the lead planner appears to 

have reduced the potential conflict by attending the various meetings of individual 
interest groups to explain the effort and solicit their input more informally.

More information
http://cityservices.baltimorecity.gov/dpw/waterwastewater03/watershed_fcp/ (Last 
accessed November 11, 2005)

Key Points

•	 NED provided the best data structuring 
mechanism the analyst could find, but it 
still left out major ecological elements, such 
as streams, roads, nutrient movement, and 
disturbance regimes.

•	 GIS provided a platform that was generic 
enough to integrate these other ecological 
elements, but, because it was generic, much 
work was required to model them from 
scratch. 

•	 The analyst emphasized that the final 
product needed to be more than a report; 
it needed to include an information system 
that could be transferred to the City.

•	 The analyst thought that communication 
was best if organic and flexible, and he con-
sidered the term “communication strategy” 
to imply selling a predetermined solution. 
The best approach was to attend citizen 
advisory group meetings from the start, 
express openness to their ideas, and volun-
teer to attend their interest group meetings 
(which minimized the need for advisory 
members to be messengers).
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Private
International Paper’s Forest Patterns System

Time frame: 1996–present	
DSS used: Forest Patterns (internally developed, based on ArcGIS and Micro-
soft Access)

Description

IP developed their Forest Patterns system to help them manage at the landscape 
level and comply with environmental laws and the sustainable forestry certification 
standards. The program tracks a hierarchy of land uses beginning with three broad 
tiers of management: timber production, conservation, and nonforest. It contributes 
to the conservation of biodiversity via management of landscape units (typically 
40,000 to 60,000 acres). Landscape units can be assessed to determine structure and 
forest cover type gaps or surpluses when compared with regional vertebrate landscape 
scale models developed by the U.S.D.A. Forest Service.

Analytical Complexity: Medium-low (2)

Forest Patterns is implemented at the regional division scale, 
so the Northeast system covers a relatively large 1.6 million 
acres. The relative biophysical complexity used in the system, 
however, is moderate to low. To simplify the analysis, the sys-
tem uses coarse filter habitat indicators, does not model habitat 
over time, and does not explicitly try to estimate or character-
ize uncertainties. Analytical complexity was limited by using 
a relatively small number of habitat classes and assuming that 
the habitat targets will sustain biodiversity over time (a “coarse 
filter” approach).

Social Complexity: Medium-low (2)

The system’s original purpose was to address high social 
complexity in the form of a distrustful public; however, conflict in 
the immediate operating environment is relatively low because the 
development and use of the system is controlled by one com-
pany. It is also used as documentation and a way to communicate 
practices in governmental regulation and forest certification 
processes, which involves the more complex social scenario of 
communication between two organizations. Yet there were no mentions of the system’s 
use in conflict situations. The principal day-to-day use of the system is in coordinating 
multiple decision makers within a single organization. Although participation in system 
design and review was extended beyond the organization, social complexity was limited 
to technical specialists, rather than trying to directly integrate public input.

More Information
http://ipaper.com/Our%20Company/Environment/EnvironmentalStewardship.html 
(Last accessed May 23, 2006)

Key Points

•
	

Top management support is critical.

•
	

A diverse group and external reviewers 
should be involved in the system design.

•
	

Keeping data up to date takes a large com-
mitment.

•
	

Regular, direct contact with state agency 
personnel should be maintained for up-
dating data.

•
	

A flexible framework should be created 
that can be adapted to the needs of differ-
ent regions.

•
	

Training and a simple software interface 
should be provided to make the system 
relevant and usable for the foresters mak-
ing decisions on the ground.
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SFI Certification

Time frame: 2000–2003	
DSS used: GIS

Description
The Sustainable Forestry Initiative Standard (SFIS) is a form of self-regulation initi-

ated by the forest industry. All companies belonging to the American Pulp and Paper 
Association are required to undergo SFIS certification. As seen in the IP case above, DSS 
can contribute significantly towards the certification process. In contrast to the previous 
case, here we look at DSS use from the perspective of those doing the certification (regu-
lators), rather than the landowners. Under SFIS objective 4, companies are required to 
have “programs to promote biological diversity at stand and landscape levels.” A review 
of several certification summary reports and interviews with two certification specialists 
revealed that there is no one standardized procedure for these biodiversity analyses. It is 

up to each company to devise methods and each certifier to judge their acceptability.
The most visible emerging trends are collaboration with and borrowing tech-

niques from The Nature Conservancy’s (TNC) ecoregional analyses and the use of 
a global species ranking system devised by NatureServe and its network of Natural 
Heritage programs. Companies are required to have plans to conserve native bio-
logical diversity (ecological communities and individual species) in general, and 
to locate and protect known sites associated with viable occurrences of critically 
imperiled (NatureServe rank G1) and imperiled (rank G2) species and communi-
ties. These requirements are most often met by developing customized GIS analy-
ses that combine the company’s forest inventory data with other biophysical layers 
(e.g., slope, soils) to identify important biodiversity areas. These GIS “screens” are 
used to identify both ecological communities (coarse filter) and individual species 
(fine filter) habitat needs. NatureServe recently came out with a new DSS named 
“Vista,” which could help companies integrate economic and biodiversity values to 
prioritize conservation areas. The SFIS 2005–2009 standards now require expertise 
in “forest modeling” on the certification teams, which may begin to raise the bar 
on expectations for habitat analysis (especially simulations into the future).

Analytical Complexity: Medium-low (2)
Analyses done for SFI certification have been fairly simple to date. Geographic 

areas are usually confined to one company’s land holdings, although they may ref-
erence broader analyses done by other organizations (TNC, states). Little evidence 
of habitat analyses over time was found. The characterization of biodiversity was 
moderately complex, as it included both coarse and fine filter measures.

Social Complexity: Medium-low (2)
Social complexity is relatively simple and was ranked as medium-low because 

the process mainly consists of developing standards internally within one company. 
Standards and implementation are reviewed by a third party certification team; 

however, the level of conflict is typically much less than for enacting public regulations.

More information
http://www.sfiprogram.org/ (Last accessed July 14, 2006)
http://www.natureserve.org/ (Last accessed July 14, 2006)
http://conserveonline.org/workspaces/ecotools (Last accessed July 14, 2006)

Key Points

•	 Few details are publicly 
available on how compa-
nies do SFIS biodiversity 
analyses; they are only 
required to publicize brief 
summaries of their certi-
fication processes.

•	 Companies appear to 
have been largely devis-
ing their own individual 
methods to meet biodi-
versity analysis require-
ments, usually using a 
standard GIS package.

•	 Companies should be 
able to continue to build 
on information and 
tools provided by TNC, 
NatureServe, and the 
state Natural Heritage 
programs; NatureServe’s 
Vista DSS can help 
integrate economic and 
biodiversity values.

http://www.sfiprogram.org/
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Vermont Consulting Foresters

Time frame: 2000–present 	
DSS used: NED-1

Description

In the Phase I review of available decision support tools, NED was the system 
most oriented towards small landowners. In an interview with the software developer, 
he noted that few small landowners appear to use it themselves; rather, the main users 
seem to be consulting foresters. Three foresters were contacted and interviewed about 
their use of NED with small landowners. The NED system contains a 
wildlife module that uses a forest inventory to estimate habitat types 
and qualitative likelihood of wildlife presence/absence (based on 
DeGraaf and Yamasaki 2001). None of the consultants interviewed 
has used the NED wildlife module with clients, however; instead they 
simply use their own knowledge to advise landowners on wildlife 
issues.

Analytical Complexity: Low (1)

Analytical complexity was rated low because the spatial complex-
ity was limited by the small properties involved. The DSS was gener-
ally only used to structure the current forest inventory, rather than 
to project forest growth over time. As mentioned above, the DSS was 
not used to assess biodiversity indicators, and the type of analysis 
needed for the situation was a simple, qualitative assessment of wild-
life effects of different forest management options.

Social Complexity: Low (1)

Social complexity was low because the decisions involved only the goals of indi-
vidual landowners.

More Information

http://www.fs.fed.us/ne/burlington/ned/index.htm (Last accessed July 5, 2006)

Degraaf, R.M. and M. Yamasaki. 2001. New England Wildlife. Habitat, Natural Histo-
ry, and Distribution. University Press of New England, Hanover, New Hampshire.

Key Points

•	 The main appeal of the software has 
been to calculate inventories from 
sample cruises.

•	 Many landowners are interested in 
wildlife, but the qualitative evalua-
tion provided by the software does 
not provide any “value-added” to 
the consulting foresters who use the 
system; it is easier for them to sim-
ply draw on their own knowledge.



Appendix B. DSS Abbreviations and References

Category	 Abbreviation	 Full name	 Website or reference
Biodiversity	 BMAS	 Biodiversity Management Area Selection	 Fischer, D. and Church, R. 2003. Clustering and compactness in reserve site selection: an	
	 	 	 extension of the Biodiversity Management Area Selection model. Forest Science 49(4):  555–565.
	 CAPS	 Conservation Assessment and Prioritization System	 www.umass.edu/landeco/research/caps/caps.html
	 C-Plan	 C-Plan	 www.uq.edu.au/~uqmwatts/cplan.html
	 MARXAN / SPEXAN	 MARXAN / SPEXAN	 www.ecology.uq.edu.au/marxan.htm
	 PATCH	 Program to Assist in Tracking Critical Habitat	 www.epa.gov/wed/pages/models/patch/patchmain.htm
	 RAMAS	 RAMAS	 www.ramas.com
	 Refuge GAP	 Refuge GAP	 www.sdvc.uwyo.edu/wbn/refuge/
	 ResNet & Surrogacy	 ResNet & Surrogacy	 http://uts.cc.utexas.edu/~consbio/Cons/Labframeset.html
	 Sites	 Sites/Site Selection Module	 www.biogeog.ucsb.edu/projects/tnc/toolbox.html
	 Vista	 NatureServe Vista	 www.natureserve.org/Vista
Forestry	 FVS	 Forest Vegetation Simulator	 www.fs.fed.us/fmsc/fvs/
	 Habplan	 Habplan	 http://ncasi.uml.edu/projects/habplan/
	 Harvest	 Harvest	 www.ncrs.fs.fed.us/4153/harvest/harvhome.asp
	 LANDIS	 LANDIS	 http://landscape.forest.wisc.edu/projects/landis.htm
	 LANDSUM	 Landscape Successional Model	 www.landfire.gov/NationalProductDescription20.php
	 LMS	 Landscape Management System	 http://lms.cfr.washington.edu
	 MAGIS	 Multiple-resource Analysis and Geographic Information System	 www.fs.fed.us/rm/econ/magis
	 NED	 NED	 www.fs.fed.us/ne/burlington/ned
	 RELM	 Regional Ecosystem and Land Management Decision Support System	 www.fs.fed.us/institute/planning_center/plan_relm.html
	 RMLANDS	 Rocky Mountain Landscape Simulator	 www.umass.edu/landeco/research/rmlands/rmlands.html
	 SIMPPLLE	 Simulating Patterns and Processes at Landscape Scales	 www.fs.fed.us/rm/missoula/4151/SIMPPLLE
	 Spectrum	 Spectrum	 www.fs.fed.us/institute/planning_center/plan_spectrum.html
	 TELSA	 Tool for Exploratory Landscape Scenario Analyses	 www.essa.com/downloads/telsa/
	 VDDT	 Vegetation Dynamic Development Tool	 www.essa.com/downloads/vddt/
	 Woodstock	 Woodstock, Spatial Woodstock & Stanley	 www.remsoft.com
General	 DEFINITE	 DEFINITE	 http://tinyurl.com/2prcxe 
	 EMDS	 Ecosystem Management Decision Support	 http://www.institute.redlands.edu/emds/
	 Netica	 Netica	 www.norsys.com 	
	 	 	 www.spiritone.com/~brucem/bbns.htm 
RegAssess	 CLAMS	 Coastal Landscape Analysis and Modeling System	 www.fsl.orst.edu/clams
	 LUCAS	 Land-Use Change and Analysis System	 www.cs.utk.edu/~lucas
	 MRLAM 	 Multi-Resource Land Allocation Model	 http://www.fvle.org/
	 Restore	 Restore	 http://biosys.bre.orst.edu/restore/default.cfm
	 WBAFA 	 Willamette Basin Alternative Futures Analysis	 http://oregonstate.edu/Dept/pnw-erc/
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