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Abstract: Assessment of ecosystem change often focuses on the degree of conversion and represen-
tation in networks of protected areas. While essential, these factors alone do not provide a holistic
index of ecosystem conditions. Metrics that compare the current state of ecosystems to a meaningful
reference condition can help identify “hidden” risks, lost functions, and provide conservation and
management-relevant insights. Here we review a departure metric that can be used to measure
ecosystem conditions and its implementation for all lands in the United States by the LANDFIRE
Program. We then use two case studies to demonstrate how manually calculating the departure
metric is used to explore under- and over-representation of structural stages. Finally, we document
the assumptions, interpretation, and limitations of the departure metric, and discuss its current and
possible future applications.

Keywords: ecosystem assessment; ecosystem condition; LANDFIRE; vegetation departure; vegetation
structure

1. Introduction

Ecosystems consist of species and environmental site factors that interact through
suites of processes, and often change over time through characteristic successional path-
ways, and in response to disturbance [1]. Understanding the variety and complexity of
ecosystems is a compelling area of research and can provide vital information on how
to protect at-risk species and sustain critical ecosystem services that support people and
human societies [2,3]. Conservationists and policymakers are increasingly advocating for
and applying ecosystem-level approaches for assessing risks to biodiversity and identifying
conservation priorities [4,5]. This shift toward ecosystem-based assessments recognizes that
using species-focused risk assessments to identify conservation priorities is costly, often
biased toward vertebrates, and does not address critical processes, species interactions, or
ecosystem services [6-9].

At global and regional scales, two measures, extent and representation, are frequently
used to assess the conservation status of ecosystems. Quantifying extent is a common first
step in evaluating ecosystem status [10,11], and is part of the assessment criteria established
by the International Union for Conservation of Nature’s Red List of Ecosystems [1]. The
second common measure, representation, evaluates how much of an ecosystem’s extent is
represented in the protected areas network, and can reveal “gaps” in protection, e.g., [12-15].
Representation of ecosystems in protected areas is linked to multiple protection goals
such as those developed in the Convention on Biological Diversity’s Aichi Biodiversity
Targets [16] and the “30 x 30” Executive Order in the United States (U.S.), which aims to
conserve 30% of U.S. land and water by 2030 [17]. When ecosystems are used as proxies for
the associated full range of species biodiversity, the analyses of representation and extent
serve as components of a “coarse filter” approach [18-20].

Assessments that rely on level of protection and geographic extent may be misleading,
because they miss important indicators of ecosystem conditions that may threaten an

Land 2022, 11, 28. https:/ /doi.org/10.3390/1and11010028

https:/ /www.mdpi.com/journal /land


https://doi.org/10.3390/land11010028
https://doi.org/10.3390/land11010028
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/land
https://www.mdpi.com
https://orcid.org/0000-0003-1118-2682
https://orcid.org/0000-0002-7802-3558
https://orcid.org/0000-0002-8631-4320
https://orcid.org/0000-0002-7753-927X
https://doi.org/10.3390/land11010028
https://www.mdpi.com/journal/land
https://www.mdpi.com/article/10.3390/land11010028?type=check_update&version=2

Land 2022, 11, 28

2 of 14

ecosystem’s viability. While often essential, legal protection of an area does not safeguard
an ecosystem from many ecological risks [21-24]. Threats such as altered disturbance
regimes, changes in land use, invasion by exotic species, changes in climate drivers, and
even war can degrade ecosystem conditions, and potentially promote transformation to
different ecosystem types [25-27]. For example, Swaty et al. [28] found that adding a
measure of ecosystem health to a protected area assessment increased the count of critically
endangered ecosystem types by 156% when compared with metrics based on representation
alone.

In addition to extent and representation, the addition of an assessment of ecosystem
condition, as indicated by the proportion of the extent of an ecosystem that is in each of the
various successional and/or structural stages identified for that specific ecosystem type, is
a key component of assessing ecosystem integrity [5,21]. Structural characteristics such as
canopy height and cover change through successional processes and in response to distur-
bance, which in turn influence many traits of an ecosystem including microclimate [29-31],
carbon sequestration [32,33], and biodiversity patterns that relate to variations in habitat
suitability [34-36]. While species composition also changes through succession and in
response to disturbance, here we emphasize height and cover, as these characteristics can
be measured over large extents with remotely-sensed data. Changes in the number or
relative abundance of structural stages (e.g., loss of an early or late structural stage) on the
landscape can indicate ecosystem stressors such as disruptions in disturbance regimes (e.g.,
fire suppression or logging) or invasion by exotic species, and help inform conservation
priorities [37-39].

Building from previous work [40,41], Hann and Strohm [42] developed a metric
called Vegetation Departure (VDEP) that quantitatively measures the condition of an
ecosystem by comparing the current and “reference” proportion of structural stages (VDEP
methods described below). VDEP is similar to components of the “Ecosystem Integrity”
defined by Nicholson et al. [5], and its calculation methods are akin to the time since
disturbance approach developed by Tulloch et al. [43]. The LANDFIRE Program delivers
a spatial layer depicting VDEP for the U.S. [44]. The VDEP metric was developed and is
often applied to inform ecosystem management across multiple ecosystem types, and set
conservation priorities, e.g., [45-49]. While valuable for regional and national applications
in the U.S., the VDEP spatial layer delivered by LANDFIRE does not offer specific structural
information about individual ecosystems, and is limited in where it can be applied, as
the “encyclopedia of ecosystems” (i.e., set of models for all ecosystems, [50]) that inform
the reference proportions have as yet only been created for the U.S. Further, VDEP uses
the time period just prior to European colonization for defining “reference” values that
may or may not be relevant depending on conservation goals. However, by manually
calculating VDEP with other LANDEFIRE products (for the U.S.), or similar resources, users
can quantify the difference between reference and current structural stage measurements.
Additionally, by manually calculating VDEP it is possible to customize inputs to increase
local relevancy, such as setting locally meaningful “reference” values which may be more
of a “desired future condition.”

The objective of this paper is to describe and demonstrate an approach that allows
users to add a measure of vegetation structural characteristics to ecosystem assessments.
We first review the basic departure metric, and its spatial implementation by LANDFIRE
for all lands in the U.S. in the VDEP spatial layer. Then, using two case studies we demon-
strate how calculating VDEP manually offers additional insight into the specific structural
characteristics that comprise ecosystem conditions. Finally, we discuss options and data
for calculating VDEP without LANDFIRE products (e.g., for locations outside of the U.S,,
or for applications requiring further customization of ecosystem classes). Our intent is
to present the use of a simple metric that once calculated, will inform a comprehensive
evaluation of at-risk ecosystems while focusing conservation not only on representation or
expansion of ecosystem extent, but also on improving ecosystem conditions.
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2. Methods: Departure and Vegetation Departure
2.1. Outline for Methods

In this section we: (1) review the concept and math behind departure, (2) describe how
LANDFIRE measures departure in its VDEP spatial layer, and (3) present considerations
for the inputs required to calculate VDEP (Box 1, includes comments on ways to implement
outside of the U.S.).

2.2. Introduction to Departure

Departure is a metric that can be used as an indicator of ecosystem condition—it
suggests the degree to which an observed set of classes “is departed from” what one would
expect based on a reference condition. Departure is the inverse of similarity, which is
a common concept in ecology and the ecological literature [51,52]. A similarity metric
compares two data sets comprised of different units (e.g., species, ecosystems), in different
proportions (e.g., number of individual, number of pixels in extent) to determine how and
how much they are alike. Because departure is the inverse of similarity, departure describes
how and by how much the two data sets are different (Table 1).

Table 1. Departure quantifies the difference between two data sets and is the inverse of similarity.

Similarity

Data Set A Data Set B .. Sum of Departure (100

Class Value Value (Minimum of Similarit — Similarity)

Data set A and B) y y
Class 1 10 15 10
Class 2 30 15 15

75 25

Class 3 50 40 40
Class 4 10 30 10

The departure metric is defined as:
Departure = 100 — Similarity

where Similarity = ) (min (Aj, B;)) over all classesi, ... n
Alternatively, an equivalent formulation of the Departure metric is:

Departure = Sum(Abs[A; — Bi])/2, or the sum of linear distances

Departure = Sum(Abs[A; — B;])/2 = 100 — Similarity

This formulation of a departure metric assumes the sum of all class values in a data set
is 100, e.g., percent of a landscape in each class. The specific interpretation of the departure
results depends on the nature of the two data sets being compared.

All metrics are built upon key assumptions. The key assumptions of the departure
metric described in this paper are:

1.  The data sets being compared are representative of the populations of interest; i.e.,
are the different classes in the two data sets accurate enough to provide meaningful
results when compared?

2. The data sets being compared are compatible thematically; i.e., Class should represent
the same condition in the two data sets being compared.

3. The sample frame used to develop the data sets is sufficient to represent the pop-
ulations of interest; i.e., is the area of application large enough to likely contain a
representative set of all the classes.
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2.3. LANDFIRE Vegetation Departure

LANDFIRE measures and maps VDEP for all lands in the U.S. [44] (Figure 1). VDEP
is an important component of the LANDFIRE product suite because it can identify condi-
tions that relate to fire and resource management needs and guide management activities.
LANDFIRE VDEP is based on an earlier implementation of a vegetation departure metric
called Fire Regime Condition Class [53], which is itself derived from the ecological depar-
ture metric described above. LANDFIRE uses a specific implementation of the general
departure metric to meet program goals related to very large landscape, regional, and
national scale analyses for wildland fire and natural resource management [44]. Applying
departure concepts to smaller geographies may require adjusting LANDFIRE computation
methods, modifying LANDFIRE products to more accurately represent local conditions, or
using other data sets (see Box 1 for VDEP input data considerations).

Vegetation Departure

- Very Low Vegetation Departure
Low to Moderate Vegetation Departure
Moderate to Low Vegetation Departure
Moderate to High Vegetation Departure
High Vegetation Departure

Il Very High Vegetation Departure

B water
Barren, Sparse, Snow/lce

I Urban

Agriculture

Figure 1. The LANDFIRE Vegetation Departure spatial layer [54] depicts the difference between a
pre-European colonization reference condition and current conditions.

In the LANDFIRE VDEP spatial layer [54], a single departure value is assigned to
each ecosystem over the area of interest using the simple departure metric described above.
LANDFIRE VDEP utilizes “Reference” and “Current” as the two data sets being compared
and defines “Class” as the structural stages (called succession classes) of an ecosystem.
Reference data in LANDFIRE are called Biophysical Settings (BpS) and are intended to
represent pre-European colonization ecosystem dynamics and conditions.

The actual reference values used in LANDFIRE VDEP are the outputs of more than
900 individual, quantitative state-and-transition simulation models, called BpS mod-
els [50,55]. LANDFIRE also produces a BpS spatial layer [56] representing pre-colonization
vegetation patterns which serves as the geographic extent for the VDEP calculation, identi-
fying where ecosystems occurred in the reference period. Current vegetation amount is
measured from the succession classes spatial layer [57], which depicts the location of struc-
tural stages for each BpS. A succession class in LANDFIRE is created from combinations of
existing vegetation type, existing vegetation height, and existing vegetation cover using
rules specified by experts in the BpS models [50]. LANDFIRE also maps two “uncharacter-
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istic” classes to identify current conditions that are absent from the reference conditions.
The uncharacteristic native (UN) class represents areas of native vegetation conditions
that would not have occurred in the reference condition (e.g., native trees encroaching
into sagebrush). The uncharacteristic exotic (UE) class captures all non-native vegetation
(e.g., cheatgrass, Bromus tectorum). Note that LANDFIRE excluded non-vegetated and
sparsely vegetated areas from the VDEP computation since they do not have defined
succession classes. LANDFIRE also excluded areas mapped as agriculture and urban from
the computation since by definition their departure value would be 100.

Departure also requires us to specify the landscape for which the values are computed,
called the summary unit. In LANDFIRE, the VDEP summary unit is defined as the area
with unique reference conditions for each individual BpS. Reference conditions for a BpS are
outputs of the BpS models for an individual National Land Cover Database (NLCD) map
zone or group of map zones [58]. Each BpS will have one VDEP value in each summary
unit. This summary unit is important to consider when interpreting VDEP as delivered
by LANDFIRE, or any other implementation of a departure metric. It is a landscape scale
metric, and the extent of the landscape assessed is necessary for interpreting the metric.

Box 1. Vegetation Departure Inputs: sources and considerations.

There are several considerations for individuals interested in the spatial calculation of VDEP using
LANDEFIRE or other data sets. When using data created by others, including LANDFIRE, we
recommend that users review and modify all inputs as needed to meet their objectives. Note
that the input data for calculating VDEP need to be thematically consistent, for example, a class
defined in the reference condition must be defined in the same way for mapping current conditions.
All spatial data must have the same extent, pixel cell size, and projection. Below are additional
considerations specific to individual VDEP inputs.

Reference conditions. Reference conditions may be any baseline of interest and can represent
any time period from the past to the future. Historical or future range of variability or even
desired future condition can be used as a baseline from which departure is measured. Methods for
developing reference conditions include simulation modeling e.g., [50], expert opinion, historical
maps, survey data, and reference sites (i.e., sites similar to the reference condition).

Reference ecosystem extent. When using existing data sets users should consider aggregating or
splitting the ecosystem types to achieve the level of thematic detail needed to meet their objectives.
For example, a user interested in broadly defined forest types might aggregate the eight oak-
dominated BpS mapped by LANDFIRE in Wisconsin into one oak forest type. In the U.S., potential
vegetation type maps are often used to define reference ecosystem extent [38]. Data sets such as
those described by Hengl et al. [59] or Sayre et al. [15] may be used to get at this input in other
countries, as long as the reference conditions are defined for the same ecosystems.

Current conditions. VDEP can include any number or type (e.g., agriculture) of classes, e.g., [60],
but defining mappable classes can be challenging. For example, LANDFIRE defined its current
condition structural stages (succession classes) solely based on the overstory vegetation because
it is difficult to map under- and mid-story vegetation from remotely sensed images. A variety of
attributes can be used to define current condition structural stages including species composition,
canopy cover, vegetation height, tree diameter, or stand age. Often regional or local spatial layers
are available that can be used to create a current condition map, e.g., [38]. Stand exams, inventory
and monitoring data, and vegetation plot data can all be used to map current conditions. There are
global vegetation height, e.g., [61] and tree canopy cover e.g., [62] data that can serve as building
blocks for this input. Local or regional data sets, if available may be more appropriate.

Summary Unit. The key question that must be answered to define the summary unit is: how large
of an area is needed to potentially encompass the full suite of structural stages in their reference
proportions? This is sometimes referred to as minimum dynamic area and should account for
disturbances and other ecological processes [63]. Summary unit size will likely change based on
the focal ecosystem(s). Coastal forests in Oregon that historically experienced large but infrequent
fires may need a larger summary unit [64] when compared with inland vegetation types in Utah
where fire events are more frequent [65]. Selection of a summary unit that is too small may not
capture ecological variation, while a unit that is too large can mask effects of management [66].
Experimenting with units of various sizes may help determine an appropriate summary unit,
e.g., [65]. The summary unit is ideally an ecologically meaningful boundary, such as ecoregions
or watersheds, but administrative or political units, such as park boundaries or states, can also
be useful.
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3. Case Studies and Results
3.1. Methods for Case Studies

Here we use two case studies to illustrate how the VDEP metric can contribute to an
ecosystem assessment and provide management-relevant insight into vegetation condi-
tions for two extensive and well-protected ecosystems: the Laurentian-Acadian Northern
Hardwoods Forest (Northern Hardwoods hereafter; [67]), and the Inter-Mountain Basins
Big Sagebrush Steppe (Sagebrush Steppe hereafter; [68]). For this analysis we spatially
combined the LANDFIRE BpS [56], succession class [57], existing vegetation type [69], ex-
isting vegetation cover [70], and existing vegetation height [71] spatial layers with a spatial
layer representing U.S. protected areas [72] in GIS software (ESRI ArcGIS Pro Version 2.8.1
and ArcMap version 10.8). From that spatial combine we first summed the amount of each
ecosystem in the BpS spatial layer to calculate the historical extent. Next, we calculated
conversion as the sum of agricultural and urban classes identified in the succession class
spatial layer and the area permanently protected from conversion as the sum of areas
identified with a GAP status code of one, two, or three within the protected areas spatial
layer. Then, we calculated VDEP by (1) summarizing the current amount of structural
stages in the succession class spatial layer and (2) comparing that to the reference conditions
from the BpS model for each ecosystem (Figure 2). Finally, we identified the characteristics
of the existing vegetation type, cover, and height classified as UN and UE in the succession
class spatial layer.

Estimate

reference
class %

Calculate
departure metric
(VDEP)

Calculate
Spatial combine current
class %

Figure 2. Workflow for calculating VDEP. On the left are the VDEP inputs with LANDFIRE equivalent
products in parentheses. The spatial combine is done in a GIS and results in the percentage of current
structural stages. The reference amount of each structural stage is estimated from the BpS model
results. The current and reference class percentages are compared to calculate departure.
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3.1.1. Case Study 1. Northern Hardwoods Results

The Northern Hardwoods forest is an iconic ecosystem in the northeastern region
of the U.S. characterized by tree species such as sugar maple (Acer saccharum), eastern
hemlock (Tsuga canadensis), yellow birch (Betula alleghaniensis), eastern white pine (Pinus
strobus), and balsam fir (Abies balsamea). These forests occur on ground and end moraines
with a dominant soil texture of sandy loam ([67]). Historically, the dominant disturbance
was thought to be windthrow, both larger, high-severity events (~1000-year return interval)
and more frequent, smaller events (~50-240-year return interval) [73,74]. This disturbance
regime, dominated by small-scale events, yielded a forest dominated by later-successional
(structural) stages. During the late 1800s and early 1900s, extensive cutting removed
almost all of the mature white pine and eastern hemlock, an event referred to locally as
“the great cutover”[75]. The current dominant disturbance is often single-tree selection
harvest that commonly entails removal of “less-desirable” timber species (e.g., balsam
fir or spruce) and trees with forest health issues. This type of harvest creates openings
that are smaller than the typical natural disturbance (e.g., from wind, fire, or insects).
The current dominant harvest practices in addition to the great cutover, have resulted
in a homogenization of this forest with a substantial increase in sugar maple and the
decline of moderately-shade tolerant species such as yellow birch [76,77]. The Northern
Hardwoods BpS covers approximately 7.9 million hectares currently (Figure 3A). Today
22% (1,746,245 ha) of the BpS is permanently protected, with most being in GAP status 3
(~10%), which prevents fragmentation but allows extractive activities. Approximately 23%
of the original ecosystem extent has been converted to agricultural land use, and about 7%
to urban land uses.

Driven by a substantial underrepresentation of the late succession, shade-tolerant
structural stage and an overrepresentation of the late succession- shade-intolerant structural
stage (Figure 3), the vegetation Departure value for the Northern Hardwoods in the Great
Lakes region is 82%. Currently there is a relative overrepresentation of the moderately
shade-tolerant Aspen, Birch, Sugar Maple and Basswood structural stage (referred to as
“late-intolerant” in figure). Adding to the complexity, we found a substantial amount
(19%) of UN and 9% UE on the landscape. Approximately 93% of the pixels labeled as UN
had uncharacteristically low canopy cover (i.e., canopy cover <60% for trees > 10 m tall),
which is consistent with forest harvesting practices. The UE lands were primarily forest
plantations (89,636 ha) and ruderal vegetation types (432,733 ha). This holistic analysis
allows managers to paint a more complete picture of this ecosystem. In short, the Northern
Hardwoods of the Great Lakes region (1) are fairly well represented in the protected areas
network, (2) have a relatively low rate of conversion to agricultural and urban land uses,
(3) have high levels of vegetation departure driven by underrepresentation of the late
structural stage and the presence uncharacteristic structural stages.

3.1.2. Case Study 2. Sagebrush Steppe Results

Sagebrush communities occupy vast swaths of the American west and are home to
species of conservation concern such as the greater sage-grouse (Centrocercus urophasianus) [78].
Sagebrush Steppe historically occupied more than 5.2 million hectares (Figure 3B) and
is characterized by perennial grasses, forbs, and big sagebrush (Artemisia tridentata) [68].
Sagebrush Steppe has a relatively low rate of conversion (18% converted to agriculture
and 3% converted to urban land uses) and a relatively high rate of protection. Today
58% (3,039,415 ha) of the BpS is permanently protected, but sagebrush communities face
many threats. Across the west these communities are losing their native herbaceous
understory [79-81] and have been widely invaded by non-native annual grasses, especially
cheatgrass (Bromus tectorum). Cheatgrass is implicated in changing the fire frequency and
vegetation dynamics of the ecosystem [82,83]. Native trees such as juniper (Juniperus spp.)
and pinyon pine (Pinus monophylla and P. edulis) are also expanding into sagebrush further
altering the ecosystem [84].
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Figure 3. A comparison of reference and current structural stage (i.e., succession class) amounts
for (A)) Northern Hardwoods and (B)) Sagebrush Steppe show high vegetation departure. Each
panel has a map representing the ecological extent, depictions of the individual structural stages
(names shortened), and a bar chart comparing reference to current amounts of each structural stage.
Vegetation graphics credit: Integration and Application Network (ian.umces.edu/media-library).

Despite its low level of conversion and high rate of protection, the Sagebrush Steppe
ecosystem is highly departed from reference conditions (Figure 3B), with a VDEP value
of 65%. The results of our analysis show that the Steppe and Shrub steppe structural
stages are under-represented and that the Shrubland structural stage is over-represented
today compared to the reference condition. In addition, more than half of the BpS is in
an uncharacteristic structural stage today. We calculated 53,473 ha of tree encroachment
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(identified as UN) and 337,006 ha of non-native annual grasslands (identified as UE) within
the Sagebrush Steppe. It is important to note that LANDFIRE likely under-estimates
the presence of invasive annual grasses because it does not measure grasses within the
understory of pixels classified as shrubs or trees. Although it is not possible to directly
measure understory composition using the remotely sensed imagery that LANDFIRE
spatial layers are based on, the reduction in herbaceous dominated stages (e.g., Steppe
and Shrub steppe) and the increase in woody dominated stages (Sagebrush and UN)
is consistent with the loss of the herbaceous component within the Sagebrush Steppe
ecosystem. While loss of understory, tree encroachment, and invasion by non-native
species have been described for sagebrush range-wide, this analysis quantifies the type
and extent of the threats within the Sagebrush Steppe and provides mangers with specific
information on ecosystem conditions that can help guide management decisions.

4. Discussion

VDEDP offers both an overall score for ecosystem condition and quantifies over- and
under- representation of specific structural stages. From a conservation perspective VDEP
can bolster extent and protection metrics that focus on a single threat: conversion. De-
pending on its implementation, VDEP can identify and measure threats such as shifts in
community composition and structure, invasive species, and the effects of altered distur-
bance regimes. For land managers VDEP offers specific information from which ecosystem
management goals and actions can be developed and supports prioritization efforts [38,60].
Additionally, these methods adhere to relevant indicators in certification and assessment
protocols such as the Forest Stewardship Council-US standards [85], the U.S. Forest Service
planning rule [86], and those proposed by Nicholson et al. within the “Ecological Integrity”
component of ecological goal setting [5].

4.1. Challenges and Their Implications

As with any single model or ecosystem metric, there are limitations and challenges
to the application of vegetation departure. We highlight two general considerations for
users of the departure metric and three considerations related to the use of LANDFIRE
VDEDP. First, an overarching challenge for individuals wanting to calculate departure
spatially is finding or creating the required inputs. Using existing data sets can save time,
but users should plan to review and modify those data as needed to meet their needs.
Creating the inputs requires time and resources, but does allow the user more control over
the characteristics of the data (e.g., scale, attributes). A second general consideration is
that vegetation departure does not capture spatial patterns such as patch sizes, or other
aspects of landscape heterogeneity. Additional information is needed to assess these
ecologically important elements. A specific limitation of LANDFIRE VDEP is that it defines
and measures structural stages primarily as function of canopy cover and height. While
these are important ecosystem attributes, they may not fully capture biodiversity, carbon
sequestration, or other values such as wildfire risk. Additionally, it may be difficult to
determine species composition for under- and mid-story vegetation using LANDFIRE
spatial layers or other remotely sensed products. We suggest additional analyses to ensure
that important understory species shifts are not overlooked. Lastly while comparing current
conditions to historical reference conditions (as LANDFIRE does) may not be illustrative
for management in a changing climate (see [87]), other baselines for vegetation classes can
be used. For example, users may want to measure departure from a modeled or desired
future condition to integrate changes in disturbance regimes, novel ecosystem dynamics,
and species shifts.

4.2. Innovative Work and Future Opportunities

Examples from the literature demonstrate applications and innovations of the depar-
ture concept including LANDFIRE’s VDEP spatial layer [54]. Walston and Hartmann [88]
demonstrate use of LANDFIRE’s VDEP spatial layer as a base data set in the develop-
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References

ment of their Landscape Integrity Index, serving as an indicator of ecological integrity.
Vogler et al. [46] used VDEP to create treatment objectives for the prioritization of forest
restoration in eastern Oregon. In perhaps the first customization of the VDEP concept, Low
et al. [45] compared VDEP values between different management scenarios and incorpo-
rated a return-on-investment component. Building on VDEP concepts, Haugo et al. [38]
combined LANDFIRE and local spatial products to evaluate forest structure restoration
needs in Oregon and Washington. Building on the original VDEP concepts, Provencher
et al. [60] created an expanded VDEP formula called “Unified Ecological Departure” that
adjusts the VDEP index based on “undesirable” structural stages (defined by stakeholders),
adds a threshold value for specific structural stages, and uses a high-risk function to weight
specific structural stages.

We hope to see the continued refinement of the LANDFIRE VDEP product and inputs.
Ideally, we would like to see a massive geographic expansion from the U.S. to a global refer-
ence model set, which we recognize as a huge task e.g., [50], but an important, collaborative
endeavor. A global set of models would allow for the quantification of reference conditions
(defined as any baseline of interest) that could be compared to recent global ecosystem
maps such as those by Sayre et al. [15] to measure departure. Inspired by Provencher
et al. [60], we propose departure tracking of additional attributes with the objective of
linking them to broad structural stages representing wildlife habitat, ecosystem services,
and human-centric values. These linkages would allow for the calculation of additional
and nuanced departure values.

5. Conclusions

Clear and actionable assessments of ecosystem conditions are needed to protect at
risk species and sustain ecosystem services. The departure metric provides a tool for
measuring ecosystem conditions and can identify and quantify “hidden” ecosystem risks,
guide management actions, and provide conservation related insights. While LANDFIRE
products provide a starting point for departure assessments in the U.S., other data sets can
be used in their absence or to better reflect local conditions or goals. By strengthening our
understanding of ecosystem conditions, vegetation departure analyses can supplement
assessments of ecosystem extent and representation.
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