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Figure 2.9—Trends in closed forest through time (after 50 years) in a portion of the Washington East Cascades modeling zone under the 
(a) fire suppression only scenario, and (b) resilience scenario. Colors represent those areas that either cumulatively increased or decreased 
in the amount of closed forest relative to current (2006) conditions.

Figure 2.10—Trends in native and exotic vegetation in Wyoming big sagebrush under the grazed/unmanaged scenario in the 
Oregon southeast modeling zone.
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advantage for exotic grasses. A comparison of initial to future conditions across 
all scenarios suggested invasion by exotic grasses is likely to continue across all 
three management options, but the rate of invasion might vary depending on the 
amount of active management and grazing (fig. 2.11). By time step 50, about half of 
the landscape was projected to be dominated by exotic grasses (shrub steppe-exotic 
and exotic grass monocultures) under the unmanaged/grazed scenario. With the 
removal of grazing (unmanaged/ungrazed), vegetation condition still declined over 
time owing to conversion of already semidegraded shrub steppe to exotic grass 
state classes. Through active seeding of exotic grass encroached state classes, the 
managed/grazed scenario resulted in relatively constant levels of exotic grass mono-
cultures over time, with slightly more area in exotic shrub steppe and native state 
classes, but less area in semidegraded shrub steppe by 2050. The model outcomes 
suggested that removal of grazing alone will not likely improve range condition 
in these warm, dry sagebrush systems, and that active management is required to 
restore already degraded systems.

Figure 2.11—Generalized state class composition in Wyoming big sagebrush across three management scenarios in the 
Oregon southeast modeling zone. Columns show mapped landscape proportion in 2000 (left) and projected landscape 
proportion in year 2050 under three management scenarios (middle and right).
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Figure 2.12—Exotic grass invasion risk map under the grazed/unmanaged scenario for Wyoming big sagebrush. The map identifies 
the percentage of each modeling stratum comprised of exotic grass at year 2050 in the Oregon southeast modeling zone. 

Maps of model results by modeling stratum show the variability in invasion 
risk across the landscape (fig. 2.12) and may help managers identify locations likely 
to have high levels of invasion by exotic grasses and other conservation targets. 
Projected exotic grass invasion levels at year 2050 were highly heterogeneous 
across the warm, dry Wyoming sagebrush of southeastern Oregon. These maps can 
be useful to prioritize areas for treatment across large landscapes when budgetary 
constraints limit the ability to implement restoration treatments widely.
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Limitations
Although our STMs, model projections, and other products are useful tools for 
answering a variety of land management questions, they have several limitations. 
We identified three major types of constraints and limitations to our approach: 
spatial, logistical, and thematic.

Spatial Representation Constraints
The spatial resolution of our modeling outputs was limited by several interacting 
factors. First, our approach did not model interpixel or among-stand processes. 
Instead, our framework applied STM results to mapped modeling strata (intersec-
tion of potential vegetation, ownership-management, and watershed) to yield 
mapped stratum-scale output. Although maps of model projections appear to have 
a value for every modeled pixel on the landscape, our results are only applicable at 
the modeling stratum scale and larger aggregations. Thus, the spatial resolution of 
our modeling strata was constrained to a minimum modeling stratum size of 405 
ha. In addition, constraints on modeling unit size reflected limitations in the spatial 
accuracy of the base data sets (especially potential and current vegetation, and 
their input data sets) that were available, but were not inherent limitations on our 
approach and process. Fine-scale analyses could be performed by substituting data 
with higher spatial resolution and accuracy.

In contrast to the size of our modeling strata, our input data were generally 
raster data with a 30-m pixel resolution. This difference in scale between inputs  
and outputs was a consequence of base data accuracy, our selection of modeling 
zone size, and logistical considerations. In general, our potential and current 
vegetation maps were reasonably robust at intermediate to broad scales, but  
limited in accuracy when examined on a pixel-by-pixel basis. Because of these 
spatial uncertainties at fine scales, our modeling framework is best adapted to 
addressing management-related questions at mid to broad scales (e.g., across 
multiple watersheds).

In addition, our projections incorporated error from each spatial layer used to 
define our modeling strata and initialize our models, in addition to error inherent in 
the STMs themselves. Although all of these maps were distributed as rasters with 
30-m ground pixel resolution, they are all best used at broader scales. A more for-
mal analysis on the relationship between summary scale and potential and current 
vegetation map accuracy performed by the LEMMA team showed that GNN maps 
of an old-growth structure index are quite robust when summarized over 8660-ha 
hexagons, and that accuracy increases with larger summary units (Gregory et al. 
2011). Similarly, the ILAP variables are also likely to improve with coarser scales 
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of summary. Map error was particularly prevalent at the forest/arid land margin, 
where low tree cover values were particularly challenging to map. Note that these 
errors were carried through the modeling process and contribute to modeling uncer-
tainty, particularly at the boundaries between features within the spatial layers. For 
broad-scale analyses, the ramifications of boundary errors were likely minimal, but 
for analyses at intermediate and fine scales, additional assessments to quantify the 
error would be useful, and data developed for finer scale use should be substituted.

Logistical Constraints
Our approach had some practical limitations inherent to working with large data 
sets. To create, analyze, and display data from our models, users need a fairly high 
level of technical proficiency with databases and GIS software. The capacity to use 
and modify scripted procedures is also helpful if users plan to build new analyses to 
compare management options. We have packaged and documented our procedures 
to make them as user-friendly as possible, but there would still be a significant 
learning curve for anyone wishing to run the models and conduct further analyses. 
Improvements to the Path software are likely, and we hope that workflow and data 
management procedures will continue to improve.

An additional challenge stems from our models not being optimization models. 
Our process facilitated a gaming approach rather than producing “best” or “opti-
mal” answers. The ILAP decision support tools currently being developed will help 
to fill some of this need.

Thematic Constraints
The simple structure of STMs is a strength of the modeling approach. The models 
are well-suited for both communication of results to nontechnical audiences, and for 
honing or building new models in collaboration with land managers, who may have 
deep ecological understanding but limited technical skills. However, this simplicity 
comes with some inherent limitations. These limitations are primarily thematic and 
relate to the definitions of the state classes and the transitions that are incorporated 
in each model. Definitions for state classes and transitions for vegetation were not 
standardized across STMs (Stringham et al. 2003), and the models adapted and 
developed for our project have important differences among the major vegetation 
types within the project and as compared to other projects.

The STMs do not explicitly model ecosystem processes, such as nutrient 
cycling, net primary productivity (NPP), seed dispersal, and interspecific 
competition. Vegetation dynamics may affect numerous ecosystem processes, and 
vice versa (Chapin et al. 1997). Although vegetation-ecosystem process interactions 
were not explicitly defined within ILAP STMs, they were implicit within the 
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potential vegetation definitions, and the associated STM structures. For example, in 
the alpine STM, succession and growth-related transition rates were slow, reflecting 
low NPP common at high elevations where cold weather constrains nutrient cycling 
and the growing season. Because ecosystem processes were implicit within our 
models and not explicitly defined, they cannot be explored in and of themselves 
within the basic ILAP framework without additional efforts to link model state 
classes, transitions, and outputs to ecological processes. The data and information 
available to inform transition pathways and transition rates varies widely among 
STMs. Some transitions are based largely on empirical data (e.g., MTBS fire 
frequencies), some on models (e.g., FVS succession rates), and others almost 
entirely on expert judgment. Most STMs use a variety of information sources to 
parameterize transitions and use expert judgment to fill in the knowledge gaps. The 
STMs compiled and developed for ILAP can be easily updated and changed as new 
data and information become available.

The types of questions that can be addressed by our STMs were constrained to 
those that relate directly to the state classes and transitions contained within each 
model. For example, the vegetation units within the forested potential vegetation 
state classes for OR/WA represented classified vegetation types that were labeled 
only with a dominant tree species. Subdominants were not explicitly labeled, 
although they were implicitly associated with each cover type, and understory 
species were not considered. Because of this setup, the behavior of individual spe-
cies through time could only be extracted from a limited set of our ILAP potential 
vegetation types. However, arid land vegetation cover types usually contained 
more compositional detail than the forest cover types, including functional groups 
(perennial grass, annual grass) or individual species (e.g., Wyoming big sagebrush, 
western juniper). Still, the thematic resolution of the models was generally con-
strained to vegetation communities or groups of species, rather than individual 
species.

An additional constraint inherent to the basic ILAP framework is the implicit 
assumption that vegetation potential does not shift over time. Each modeling stra-
tum was linked to a single potential vegetation type, which was linked to a single 
STM. This assumption may be robust enough on a short timeframe but becomes 
problematic in the context of climate change, which will likely shift site potential, 
and reorganize species assemblages. On the other hand, given the uncertainties 
embedded in current climate modeling, information on the historical range of vari-
ability (HRV) may be our most certain available guide as to how ecosystems will 
behave in the future (Keane et al. 2009) and what management actions may prevent 
irreversible, deleterious changes. Our potential vegetation types were based on 
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HRV, and our STMs were parameterized from HRV wherever data were available. 
This does not imply that modeling approaches that do incorporate climate change 
are not worth exploring, just that they do not yet necessarily yield a more reliable 
projection than HRV-based models. Other work as a part of ILAP explored how 
to extend the ILAP models to encompass shifts in site potential, linking multiple 
models to allow for transitions among vegetation types (chapter 7).

Another important driver of vegetation change through time is the legacy of 
past climate, disturbance, and land use (Chase 2003, Rhemtulla and Mladenoff 
2007). Historical influences on vegetation composition operate at a variety of 
spatio-temporal scales. On a millennial timeframe, vegetation shifts related to 
historical climate change have been documented (Hotchkiss et al. 2007) and vegeta-
tion species composition and abundance is affected by past climate. On a decadal 
timeframe, or even over centuries, vegetation patterns can also reflect the legacy 
of human land use (Dupouey et al. 2002, Foster et al. 1998). Because the legacy of 
past climate, disturbance regime, and land use is reflected within our initial condi-
tions (via our current vegetation layer), and also in our transition rates (via the fire 
regime), many important dimensions of legacy effects are accounted for implicitly 
within the ILAP framework. Because of this construction limitation, as with eco-
system processes, questions relating directly to legacy effects cannot be explicitly 
addressed with the data we have developed for our particular application.

Scenario Analysis
The baseline ILAP scenario with no management activities except for fire sup-
pression only (FSO) is available across all lands. Within the focus areas, additional 
scenarios were also run to reflect timber harvesting, restoration activities, and other 
management. However, the range of management options is limited, and more work 
is needed to develop realistic management transition rates across ecological and 
administrative boundaries. The interpretation of model results would be greatly 
improved by a larger number of management scenarios, and development of alterna-
tive management scenarios will greatly improve the utility of ILAP models.

Data Products and Tools
Most of the data, models, and tools produced for ILAP are publically available on 
the Western Landscapes Explorer website, maintained by the Institute for Natural 
Resources (www.westernlandscapesexplorer.info). The STMs were run for all lands 
in AZ/NM and OR/WA, and input data, models, and summarized output for the 
default FSO scenario are available in files called rollout packages. Rollout packages 
each contain the Vegetation Dynamics Development Tool (VDDT) and Path model-
ing databases, model documentation, initial GIS data needed for the rollup process, 
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post-rollup modeling strata and state class spatial data, and STM outputs (i.e., 
projected future landscape conditions). Rollout packages are separated by modeling 
zone, and separated between forests and arid lands in OR/WA, and forests, wood-
lands, and arid lands in AZ/NM.

In addition to the FSO scenario results for all lands, additional summarized 
results are available for focus areas to characterize alternative management actions 
and summarize across variables of interest (see “Example Results”). An alternative 
resilience scenario was run for the forested environments of eastern Washington 
and Oregon (called east-side forests), and two additional scenarios were run for arid 
lands of southeastern Oregon. In AZ/NM, results for various management scenarios 
are available for the Sky Islands focus area.

Conclusions
The methods, models, and data presented here provide a means to perform inte-
grated landscape assessments in support of mid- to broad-scale planning efforts that 
span multiple watersheds and affect vegetation, habitat, economics, and other pro-
cesses. Similar models have been employed over smaller spatial extents to address 
shortcomings related to integrated metrics at the landscape scale, future conditions, 
alternative strategies, and cost-benefit analyses in commonly used approaches to 
conservation planning (Low et al. 2010). The original thrust of the project was to 
generate information for land management planning that could be used to support 
prioritization of management activities at mid to broad scales, and to advance 
efforts to integrate daunting issues such as including climate change in the planning 
process in a tractable manner. It has become exceptionally clear over the course 
of this project that when modeling at multistate scales, a wide range of complex 
questions can be studied using ILAP data and models. Examples in this chapter 
represent a small glimpse of the potential for graphs, maps, and other reporting that 
can be built from the VDDT/Path output. Linking STM output to other character-
istics of interest can provide information about vegetation change integrated with 
fuels, wildlife, economic, and other data (chapters 3 through 7). Graphs, maps, and 
charts of economic, ecological, and social variables can be linked to the raw output, 
and summarized to further increase the breadth of questions that can be addressed 
across a landscape, watershed, ownership, or potential vegetation type. The 
framework can also be linked with other modeling systems (e.g., FVS) for valida-
tion or calibration. Although there are constraints to using STMs related to scale, 
and logistics, the ILAP framework is a demonstrably robust and flexible tool for 
assessing management alternatives and prioritizing management actions at regional 
scales, for a diversity of ecological and social contexts. 
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