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Abstract
Ecological departure, or how much landscapes have changed from a natural range of variation (NRV), has become a key 
metric in forest planning and restoration efforts. In this study we define forest restoration need as the specific change in 
structural stage abundance necessary to move landscapes into the NRV. While most restoration projects in the forested 
ecosystems of the Pacific Northwest, USA (Oregon and Washington) have embraced this paradigm, our understanding 
of what treatments to apply where, when, and at what magnitude is evolving and continues to be refined. We build on a 
body of existing LANDFIRE/Fire Regime Condition Class (FRCC) work on ecological departure to assess the ecological 
departure of all forested landscapes in the region. Moreover, we assess departure in moister forests west of the Cascade 
crest, and compare them with fire-dependent forests east of the crest and in southwest Oregon. These “moister Westside” 
forests have received relatively less attention in a fire ecology context, and we hypothesize restoration needs there are quite 
different. We show a substantial need for disturbance-related treatments in the drier fire-dependent portion of this region 
(east of the Cascade crest plus southwest Oregon), with over half of this treatment type falling on Federally-administered 
land. On the Westside the need for succession is more pronounced. The lack of pronounced disturbance need west of the 
Cascade crest suggests restoration there may require strategies more nuanced than in the fire-dependent zone.

Introduction

In recent years, forest management in western 
North America has been shaped by a growing 
awareness that substantial areas are departed from 
a natural, sustainable range of variation (Landres 
et al.1999, Morgan et al. 1994, Swetnam et al. 
1999, Keane et al. 2009, Wiens et al. 2012). The 
natural range of variation (NRV) is the central 
tendency in variation of the structure, processes, 
and composition of landscapes over time, in the 
absence of modern human interference (Landres 

et al. 1999, Barrett et al. 2010). Because this can 
be difficult to quantify in the current era, par-
ticularly with a changing climate, the historical 
range of variation is used as an approximation 
of the natural range. In the Pacific Northwest, 
this is commonly defined as the 400 years prior 
to European settlement, or 1450-1850 (Hann et 
al. 2003). Departure from the central tendency 
in structure (seral stages) or processes (such as 
disturbance, notably fire) is assumed to indicate 
landscapes less resilient and sustainable than those 
within the natural range. 

Landscape management initiatives such as the 
Eastside Restoration Project in Oregon (Aney 
2016), the Ecological Restoration Implementa-
tion Plan in California (USFS 2013), or projects 
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generated by the Collaborative Forest Landscape 
Restoration Act (USFS 2015) use the concepts of 
the NRV and ecological departure (Barrett et al. 
2010) as key justifications for active treatments 
to promote ecological restoration, “the process of 
assisting the recovery of an ecosystem that has 
been degraded, damaged, or destroyed (Society 
for Ecological Restoration 2002).”

Fire regimes are characteristic patterns of fire 
frequency and severity associated with broad po-
tential vegetation types across landscapes (Agee 
1993). Five broad regimes are recognized in the 
Pacific Northwest. Each regime has a charac-
teristic pattern of fire frequency and severity, 
ranging from frequent low intensity fire in Fire 
Regime I to the very infrequent high intensity fire 
of Fire Regime V (Table 1). Fire regimes can be 
mapped, since they correlate with corresponding 
potential vegetation types. The association of 
each fire regime with a potential vegetation type 
also means a characteristic median abundance of 
each seral stage in each potential vegetation type 
in the pre-European settlement era (prior to 1850 
in the Pacific Northwest). This era is assumed to 
represent a sustainable NRV across landscapes. 

Comparing these characteristic historical (as-
sumed natural) abundances of seral stages across 
the landscape with their current abundances (by 
potential vegetation type) allows us to gauge de-
parture of these landscapes from an NRV. To report 
on landscape departures across the US for policy 
makers, and to implement this broadly among 
managers, fire regime condition class (FRCC) was 
developed as an interagency standard approach 
to assessing ecological departure from an NRV 
(Schmidt et al. 2002). The vegetation component 
of departure is assessed with a simple similarity 
matrix comparing the current abundance (propor-
tion) of seral stages to their estimated historical 
abundance. Five seral stages are commonly used 
in this assessment: early seral, mid-seral closed 
canopy, mid-seral open canopy, late seral open 
canopy, and late seral closed canopy. FRCC 
methodology also includes a departure metric 
for fire frequency and severity, but because both 
historical and current estimates of these attributes 

are usually incomplete or lacking, it is often omit-
ted, and we follow that practice here. 

Our work builds on a process of expansion and 
refinement of FRCC methods since their inception 
in 2002 (Hann and Bunnell 2001, Schmidt et al. 
2002, Ryan et al. 2006, Schussmann and Smith 
2006, Rollins et al. 2007, Hann et al. 2008, Bar-
rett et al. 2010, Haugo et al. 2015). The ecologi-
cal departure analyses of both the LANDFIRE/
Fire Regime Condition Class (FRCC) programs 
(Barrett et al. 2010, LANDFIRE 2017) and the 
restoration needs analysis of Haugo et al. (2015) 
have emphasized the importance of understanding 
that NRV reference conditions represent a state 
of increased ecological resilience and adaptive 
capacity (Landres et al. 1999, Swetnam et al. 1999, 
Keane et al. 2009, Wiens et al. 2012, McGarigal 
and Romme 2012, Moritz et al. 2013).  Haugo et 
al. (2015) extended previous studies of ecological 
departure by both quantifying levels of ecological 
departure and also by explicitly distinguishing 
where, how much, and what types of ecological 
change (i.e., disturbance vs. succession) were 
needed to restore NRV forest structures at land-
scape scales. These treatments could take the form 
of thinning, prescribed burning, or planning for 
wildfire as a tool, or in allowing areas to grow into 
later seral stages through succession. 

In this paper, our objectives are to further 
advance our understanding of forest structural res-
toration needs, where they occur on the landscape, 
and what treatments are needed.   We hypothesize 
that the relative abundance of disturbance and 
succession restoration needs will be very different 
in moister forest landscapes west of the Cascade 
crest, when compared with the fire-dependent 
Eastside and Southwest Oregon. Specifically, 
we sought these enhancements: 1) to expand 
the area of assessment to include the entire area 
west of the Cascade crest (the Westside); 2) to 
use updated core datasets now available, notably 
the 2012 iteration of the gradient nearest neigh-
bor (GNN) vegetation layer; 3) to incorporate a 
refined understanding of ponderosa pine (Pinus 
ponderosa) fire regimes in the Blue Mountains; 
4) to use the refined methodology of Davis et al. 
(2015) in determining structural classes west of 
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the Cascade crest; and 5) to organize land manage-
ment areas on Federally-administered land into 
categories of active management, preservation, 
or multiple objectives. These refinements are a 
response to specific feedback from land managers 
and ecologists on Haugo et al. (2015), and hence 
expand the body of knowledge needed to make 
more complete and effective land management 
decisions.

Methods

Spatial Extent 

Figures 1 and 2 provide an overview of the Pacific 
Northwest (Oregon and Washington). Figure 1 
illustrates forest ownership. Figure 2 shows map 
zones (ecological subregions) and management 
designations. 

The crest of the Cascade Mountains is an im-
portant ecological divide in the region. Broadly 
speaking, areas west of this crest (the Westside) 
feature higher rainfall and more productive for-
ests, whereas east of the crest (the Eastside) is 
generally drier, with more fire-dependent forests. 
An important exception to this is the Southwest 
Oregon map zone, which is part of the Greater 
Klamath ecological region extending into Cali-
fornia. This map zone is drier than the rest of 
the Westside, so for our work we are including 
it in the Eastside. Westside map zones in Figure 
2 therefore include the Washington (WA) Coast 
Range, WA West Cascades, WA North Cascades, 
Oregon (OR) Coast Range, and OR West Cascades. 
Eastside map zones include WA East Cascades, 

WA Columbia Basin, WA Northeast, OR East 
Cascades, OR Blue Mountains, OR Southeast, 
and OR Southwest.

We hypothesize Westside landscapes are dif-
ferent and have correspondingly different restora-
tion needs. To make our comparison of Eastside 
and Westside, we divide the region into two 
major zones: the Eastside fire-dependent assess-
ment area of Haugo et al. (2015), including all 
areas east of the Cascade crest plus southwest 
Oregon; and the Westside (all areas west of the 
Cascade crest except southwest Oregon). We use 
“fire-dependent” as a short descriptive phrase 
for landscapes that historically featured more 
frequent fires than on the moister west side of the 
Cascade crest. It is admittedly a simple phrase for 
complex landscapes—Eastside forests include 
higher elevation, longer-interval fire regimes as 
well; and recent work, under development, sug-
gests there may be more area on the Westside in 
mixed severity than previously thought (Littell 
et al. 2009, Perry et al. 2011, Tepley et al. 2013, 
Hessburg et al. 2016)—but it serves to accurately 
capture the broad ecological differences in these 
map zones at broad scale. The Westside assess-
ment area includes the OR Coast Range, OR West 
Cascades, WA Coast Range, WA West Cascades, 
and WA North Cascades map zones used in the 
Integrated Landscape Assessment Project (ILAP; 
Halofsky et al. 2014). ILAP map zone boundaries 
were adjusted slightly in some areas to coincide 
with watershed boundaries. This adds 9.2 mil-
lion ha of forest land to the Haugo et al. (2015) 
assessment of 11.6 million ha, for a total of 20.8 

TABLE 1. Historical fire regime groups from Barrett et al. (2010), with examples of corresponding forested potential vegetation 
types.

Fire Regime
Group Frequency Description

I 0–35 years
Generally low severity fires replacing less than 25% of dominant overstory; can include 
mixed severity fires that replace up to 75% of the overstory. Example: Ponderosa Pine 
(Pinus ponderosa) 

II 0–35 years Example: Not applicable, since it is a non-forest fire regime
III 35–200 years Generally mixed-severity, can also include low severity fires. Example: Mixed conifer.
IV 35–200 years High-severity fires. Example: Lodgepole pine (Pinus contorta).

V 200+ years Generally replacement-severity, can include any severity type in this frequency range. 
Example: Moister western hemlock (Tsuga heterophylla)
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million ha. Thus the entire forested area of OR 
and WA is included (Figures 1 and 2).

Data Inputs 

Landscape Analysis Units— We used nested 
landscape analysis units as in Haugo et al. (2015): 
“map zones” from the ILAP project (Halofsky et 
al. 2014) for vegetation types in fire regime groups 
(FRGs) IV and V; subbasins (8-digit hydrologic 
units) for FRG III vegetation types; and water-
sheds (10-digit hydrologic units) for FRG I and 
II vegetation types (see Haugo et al. (2015) for 
further details).

Classification and Mapping of Forest Potential 
Vegetation—Potential vegetation maps at broad 

scale were used to frame the 
fire regimes for analysis, be-
cause potential vegetation can 
be associated with specific fire 
regimes (Table 1). We used the 
ILAP Potential Vegetation Type 
(PVT) dataset (Halofsky et al. 
2014) to map these biophysical 
settings across our study region. 
For this study, we modified the 
ILAP distributions of xeric and 
mesic ponderosa pine biophysi-
cal settings in the Blue Moun-
tains zone in order to bring the 
proportion of Fire Regimes I 
(frequent low severity fire) and 
III (mixed severity and moderate 
frequency fire) more in line with 
actual conditions on the ground. 

NRV Reference Conditions for 
Each Biophysical Setting— 
Reference conditions are based 
on the LANDFIRE biophysi-
cal setting state-and-transition 
simulation models (Daniel and 
Frid 2012, Daniel et al. 2016) de-
veloped by the US Forest Service 
Regional Ecology Program, as 
part of a team with other Fed-
eral, state, and non-governmental 
partners. These were associated 

with each ILAP potential vegetation type through 
crosswalks. 

Use of a More Current Map of Existing Forest 
Structure—Current forest conditions are repre-
sented by the distribution of structural stages on 
the present day landscape, derived from the 2012 
Gradient Nearest Neighbor (GNN) forest structure 
layer (Ohmann and Gregory 2002; Ohmann et al. 
2012, 2014; Bell et al. 2015). We assumed these 
structural stages were an approximation of seral 
stages. We did not model species composition 
changes over time, only structural changes.

Structural Classes in Forests West of the Cascade 
Crest—Tree structural attributes as predicted by 
the GNN method were observed to be less accurate 

Figure 1. Forest ownership in Oregon and Washington.
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for forests west of the Cascade crest, probably 
due to both larger tree sizes and more variation 
in diameter class distributions. For these reasons, 
Westside forests were omitted from Haugo et al. 
(2015). 

Because assessing the Westside was one of 
our key objectives, we sought to improve our 
understanding of assignment of current forest 
size class for this subregion. To address this, we 
used the Old Growth Structure Index (OGSI) 
developed by Davis et al. (2015) and applied it 
to GNN coverages. We developed this process to 
map late-successional states for Westside forests 
(northwest Oregon and western Washington) 
based on the definitions and process outlined in 
the Northwest Forest Plan (NWFP) 20-year status 

and trends report (Davis et al. 
2015). An old growth index was 
created for each tree series across 
the NWFP area using density 
of large live trees, density of 
large snags, cover of downed 
wood, and tree diameter diver-
sity. Eighty to 200-year thresh-
olds were determined (OGSI-80 
and OGSI-200, respectively), 
which were intended to bracket 
a continuum of old growth struc-
tural characteristics. We used the 
OGSI-80 index values to develop 
tree density thresholds, seeking 
to find the lower limit where 
some late-successional charac-
teristics are present in order to 
help identify late development 
successional classes, following 
LANDFIRE biophysical set-
ting definitions. We wanted the 
mid-seral stage development 
successional classes to include 
vegetation that had minimal rep-
resentation of late- successional 
forest characteristics, making 
the need for restoration unam-
biguous. We realize this required 
making assumptions about the 
discreteness of each seral stage 

that are an approximation of actual forests. Specific 
details of the process are available in Supplemen-
tary Document S1 and Supplementary Table S1.

Management Classes on US Forest Service-
Administered Lands—In order to improve our 
understanding of land management options, the 
current analysis incorporates a new spatial data-
base of land management allocations on National 
Forests across Oregon and Washington. Land 
resource management plan (LRMP) spatial da-
tabases were obtained for each national forest in 
the region, together with a database of Northwest 
Forest Plan (USDA and USDI 1994) allocations 
(Ringo et al. 2016). Each LRMP and NWFP land 
management designation was then classified ac-
cording to “restrictions for conducting mechani-

Figure 2. Management designations and ecological map zones in Oregon and 
Washington.
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cal treatments that are key to reducing wildfire 
risk, providing socioeconomic benefits as part of 
restoration programs, and preparing forests for 
prescribed fire where appropriate” (USDA and 
USDI 1994). In cases in which forest LRMP and 
NWFP coding differed, the more restrictive code 
was adopted. Outside national forest lands, the 
same ILAP (Halofsky et al. 2014) management 
layer was used as in our previous study, although 
codes were grouped differently. 

For the purposes of the current study, land use 
management was grouped into three categories: 
“Active management”, intended to capture those 
areas where the use of forest restoration tools 
such as mechanical thinning or prescribed fire is 
generally allowed; “Preservation”, which includes 
protected areas such as wilderness, in which active 
management intervention for forest restoration 
purposes is prohibited; and “Multiple objectives”, 
which includes areas in which such treatments are 
allowed only under certain circumstances, such 
as riparian reserves, inventoried roadless areas, 
or late-successional reserves designated under 
the NWFP. (The Conservation and Stand Age 
Dependent categories from Ringo et al. (2016) are 
included in our category of Multiple Objectives.) 
See Supplementary Tables (S2, S3, S4, and S5) 
for further details on management coding. 

Using the Data Inputs

Following Haugo et al. (2015), we evaluated for-
est restoration needs for each watershed (5th-field 
hydrologic unit code, or HUC). Within a HUC, 
we compared current seral stage abundance for 
a biophysical setting with the corresponding 
NRV seral stage abundance. This comparison of 
relative abundance identifies whether each seral 
stage-potential vegetation type-landscape unit 
combination is currently in excess, deficit, or 
within range when compared with NRV refer-
ence conditions.

Next, for each landscape unit-biophysical 
setting combination, the transitions between suc-
cessional classes needed to “rebalance” the succes-
sional classes relative to NRV reference conditions 
were determined. Each specific transition between 
successional classes was characterized as requiring 

either “disturbance only,” “disturbance then suc-
cession,” or “succession only.” “Disturbance only” 
represents transitions from closed canopy to open 
canopy and/or from later development to earlier 
development successional classes. “Successional 
only” represents transitions from open to closed 
canopy and/or from earlier to later development 
successional classes. “Disturbance then succes-
sion” represents the combination of the previous 
two categories, typically a transition from the 
early or mid-development closed canopy (through 
thinning or other action) to the late-development 
open canopy successional class (through growth 
over time). A complete description of the restora-
tion needs calculation methodology can be found 
in Haugo et al. (2015).

Comparison with Standard Fire Regime 
Condition Class Metrics

In order to further facilitate communication and 
understanding with departure metrics commonly 
in use, we also present our comparison of current 
conditions versus NRV reference conditions using 
standard Fire Regime Condition Class metrics 
(Barrett et al. 2010). We see our ongoing work 
as furthering the refinement and understanding of 
this metric of ecological departure from the NRV, 
as well as improved facilitation of applying this 
work to field projects.

Complete assessment of FRCC also includes a 
comparison of current fire frequency and severity 
with the corresponding historical estimates (as 
shown in Table 1). FRCC can be assessed in a 
number of ways. Departure can be reported by 
landscape units (typically watersheds), biophysi-
cal settings within landscape units (referred to 
as strata), and by identifying the area (hectares) 
within a watershed in excess or deficit when 
compared with the historical amount expected by 
potential vegetation and seral stage. The excess/
deficit approach is referred to as S (seral) class 
relative amount (Barrett et al. 2010). The FRCC 
departure metric is sometimes referred to as the 
“Simple 7” since it incorporates assessment of 
(five) seral stages plus (two) fire occurrence metrics 
(frequency and severity), or a total of seven. It 
is considered “simple” since it uses the standard 



24 DeMeo et al.

FRCC method of comparing current abundance 
of seral stages against the modeled abundance 
of seral stages in the NRV (Barrett et al. 2010). 

Region Wide Trends in Forest Restoration 
Need

We generated tallies of forest structural restoration 
needs by land ownership need for disturbance, 
need for succession, restoration need by owner 
and map zone, restoration need by fire-dependent 
zone/moister zone, and fire regime group. For 
comparison with a more standard FRCC approach, 
we also calculated FRCC results by biophysical 
setting (strata) using the Simple 7 method (Bar-
rett et al. 2010).

Results

The overall restoration need in Oregon and Wash-
ington for change in forest structural class through 
disturbance such as thinning, prescribed burning, 
or wildfire (combined disturbance only and distur-
bance then succession restoration need categories) 
is about 4,424,000 ha or 21% of the entire forested 
landscape (Table 2, Figure 3). Fifty-seven percent 
of the total disturbance restoration needs are on 
Forest Service and Bureau of Land Management 
(BLM)-administered lands (Table 2). Restoration 
needs by land ownership are presented in Table 2. 
Restoration needs for the Eastside and Westside 
are presented in Tables 3 and 4, respectively.  

The contrast between fire-dependent areas 
(east of the Cascade crest plus Southwest Oregon) 
and the moister Westside is striking. Of the 11.6 
million ha of forests in Fire-dependent (Eastside) 
areas, 3.8 million ha (or 33%) are in need of dis-
turbance, or disturbance followed by succession 
(Table 3, Figure 3); 0.8 million ha (or 7%) are in 
need of succession only. In Westside forests, only 
0.6 million ha (or 7.0%) of the 9.2 million ha of 
forests found there are in need of disturbance, or 
disturbance plus succession (Table 4); 24% of 
Westside forests are in need of succession only. 
This contrast is supported in Figures 3 and 4. 

Land ownership plays an important role in plan-
ning restoration. Because of restrictions on active 
management in wilderness areas, normally only 
lands outside of Preservation areas are considered 

for treatment.  Of the fire-dependent Eastside 
area in need of disturbance restoration (distur-
bance or disturbance followed by succession), 
2 million ha (or 57%) fall on Forest Service- or 
BLM-administered lands outside Preservation 
(primarily Wilderness) areas (Table 3, Figure 5). 
On the Westside, 0.2 million ha of the 0.5 mil-
lion ha (or 36%) of disturbance restoration needs 
fall on Forest Service- or BLM-administered 
lands designated outside Preservation (Table 4, 
Figure 5). In terms of succession only restoration 
outside of Preservation areas, 47% (0.3 million 
ha) of the need can be met on Forest Service 
and BLM-administered lands in fire-dependent 
Eastside areas (Table 3, Figure 5), while only 12% 
(0.3 million ha) of the succession-only need of 
2.0 million ha can be met on Forest Service and 
BLM-administered Westside forests (Table 4). 

Within the fire-dependent Eastside zone, 1.4 
million ha of the total 3.8 million ha of disturbance-
related need (or 38%) falls on land designated 
for Active Management, 2.0 million ha (or 54%) 
is on land designated for Multiple Objectives, 
and the balance of 0.3 million ha (or 8%) falls 
on Preservation land (Table 3). In the Westside 
zone, the need for disturbance-related restoration 
is about the same for Active Management and 
Multiple Objectives (0.3 million ha and 0.24 
million ha respectively), with 0.1 million ha in 
Preservation (Table 4).   

In our study, Forest Service- and Bureau of 
Land Management (BLM)-administered lands 
comprise 0.8 million ha (or 56%) of the 1.4 mil-
lion ha identified as needing disturbance-related 
restoration in the Active Management portion of the 
fire-dependent Eastside, and 58% (or 1.2 million 
ha) of the 2.0 million ha designated as Multiple 
Objectives (Table 3). In the Westside zone, the 
totals are different, with only 16% of the Active 
Management disturbance-related need (47000 
ha of 0.3 million ha) identified on Forest Service 
or BLM land (Table 4). For Multiple Objectives 
land, more Forest Service/BLM land is identified, 
with 146,000 ha of 240,000 ha (or 61%) of total 
lands in this category. Owners of non-Federally 
administered lands may of course have other 
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objectives, but our work still provides a useful 
broader landscape context for these ownerships. 

Restoration needs for disturbance (area in ha) 
in shorter interval fire regimes (Fire Regimes I 
and III) are greatest in the Oregon Southwest, 
Washington Northeast, Oregon Blue Mountains, 
Oregon East Cascades, and Washington East 
Cascades, in that order. Succession needs (area 
in ha) are in the longer-interval fire regimes (Fire 
Regimes IV and V) in the Oregon Coast Range, 
Washington Coast Range, Washington West Cas-
cades, and Washington North Cascades, in that 
order (Figure 6). 

Discussion 

Our results indicate different approaches will 
be needed to meet restoration needs across the 
region. Although both disturbance and succes-
sion strategies are needed in both fire prone and 
mesic areas, more than three times the need for all 
disturbance-related restoration (i.e., disturbance 
plus disturbance then succession) occurs on the fire-
dependent Eastside, compared with the Westside 
(3.78 million ha vs. 0.65 million ha, respectively; 
Tables 3 and 4). In contrast, the need for succession 
restoration on the Westside is more than twice that 

in the fire-dependent zone (2.2 million ha versus 
0.84 million ha, respectively). These results may 
reflect the current deficit of the late development 
-closed canopy successional class in many West-
side forest types because of extensive logging in 
the 1970s and 1980s. Although succession as a 
restoration strategy is called for on the Westside 
(Figure 4), some silvicultural interventions, such 
as variable density thinning, may be useful tools to 
help meet this need for succession by accelerating 
the successional development of complex, closed 
canopy forests (Bailey and Tappeiner 1998, Gar-
man 1999, Busing and Garman 2002, Franklin et 
al. 2002, Franklin and Johnson 2012). 

A growing awareness of the need to manage fire 
both inside and outside wilderness (Preservation) 
areas to meet restoration objectives has emerged 
within the fire management and fire ecology 
communities. The magnitude of the restoration 
need suggests consideration of options such as 
letting some fires burn, or letting fires burn within 
certain constraints.

In recent years, a lack of early seral stage 
structure in many western forests has been docu-
mented (Spies and Johnson 2007, Swanson et al. 
2011, Swanson 2012). (For a thorough review 

TABLE 2. Forest restoration needs by land ownership in forested areas of the Pacific Northwest. USFS=United States Forest 
Service, BLM=Bureau of Land Management. Southwest Oregon is included in the Eastside totals.

Forest Owner
Total
ha.

Disturbance 
Only

Disturbance 
then Succession

Succession 
Only

ha. % ha. % ha. %
Eastside 11,589,000 1,565,000 14 2,212,000 19 845,000 7
USFS 6,352,000 948,000 15 1,008,000 16 371,000 6
BLM 705,000 93,000 13 196,000 28 74,000 10
State 390,000 50,000 13 89,000 23 26,000 7
Other public 141,000 22,000 16 12,000 9 11,000 8
Tribal 697,000 83,000 12 152,000 22 38,000 5
Private 3,304,000 369,000 11 755,000 23 325,000 10
Westside 9,229,000 208,000 2 439,000 5 2,188,000 24
USFS 2,604,000 137,000 5 78,000 3 254,000 10
BLM 389,000 11,000 3 32,000 8 60,000 15
State 1,045,000 5,000 0 37,000 4 277,000 27
Other public 678,000 29,000 4 9,000 1 83,000 12
Tribal 123,000 1,000 1 6,000 5 52,000 42
Private 4,390,000 25,000 1 277,000 6 1,462,000 33
Regional Totals 20,826,000 1,773,000 9 2,651,000 13 3,033,000 15
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see Swanson 2012.) There is a growing body of 
work documenting the importance of naturally-
structured, complex early seral areas incorporat-
ing legacies of downed wood, snags, and other 
elements from the preceding forest (Franklin et 
al. 2000, 2002; Hutto 2008; Donato et al. 2012). 
Somewhat surprisingly, we found few deficits 
of the early development successional class. We 
found no disturbance need (i.e., creating early 
seral forest) in any of these map zones, with the 
exception of the Sitka spruce biophysical setting 
along the coast, where 27000 ha of disturbance 
followed by succession are indicated for the Or-
egon Coast Range, 40000 ha in the Washington 
Coast Range, and a negligible amount (6 ha) in 
the Western Washington Cascades. (See Table B3 
accompanying this paper online). Deal et al. (2015) 

found a deficit of early seral forest 
on Federally-administered land, 
and an excess on private land. 
Our results are in general agree-
ment with Deal et al. (2015) for 
private lands, but we failed to 
find a major need for early seral 
on Federally-administered land. 

These differences may be ex-
plained by our analysis methodol-
ogy. Within biophysical settings 
historically characterized by in-
frequent, high severity fire (Fire 
Regime Groups IV and V) our 
landscape unit for our analysis 
was the map zone (e.g., Wash-
ington West Cascades, Oregon 
Coast Range, etc.). Consequently, 
the abundance of early develop-
ment successional classes result-
ing from logging on the extensive 
private industrial forest lands in 
Westside map zones offset the lack 
of recent disturbance on federal 
forests. 

We also add a strong caveat, 
however, that our work did not 
distinguish between naturally-
structured early seral areas and the 
relatively simple structure result-

ing from plantations with relatively few legacy 
elements from the previous forest. Plantations will 
likely have a different plant composition and be on 
a different seral trajectory than early seral caused by 
natural disturbances (Poage and Tappeiner 2002). 
Our work did not include evaluation of how well 
these early seral areas match the composition of 
areas naturally disturbed. Moreover, the apparent 
relative abundance of early seral land on private 
lands likely reflects a plantation approach with a 
lack of complexity. 

Some work indicates Westside forests histori-
cally had larger areas in early seral than they do 
today (Wimberly et al. 2000, Takaoka and Swanson 
2008), and historically were often in an open early 
seral state for long periods of time (Teensma et 
al. 1991, Tappeiner et al. 1997, Franklin et al. 

Figure 3. Disturbance restoration needs (disturbance only plus disturbance then 
succession) in forested areas of the Pacific Northwest.
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2002, Poage et al. 2009). In the Pacific Northwest, 
state-and-transition modeling has a long history, 
typically using Vegetation Dynamics Develop-
ment Tool (VDDT) software, now updated with 
State-and Transition Simulation Modeling (ST-
Sim) (Daniel and Frid 2012, Daniel et al. 2016). 
We hypothesize that more recent VDDT/ST Sim 
modeling more accurately captures the historical 
pattern, and that the early seral structural stage did 
not persist as long as previous thought. Clearly, 
the complexity, longevity, and extent of early seral 
forest on the Westside needs further investigation 
and refinement. Refining models of the NRV to 
better account for temporal variability in fire sizes 
and low probability/high impact fire events should 
be part of this. Assessing landscapes can be seen 
as an ongoing process of successive refinement, 
and in future iterations of our work we intend to 

explore and incorporate a distinction for early seral 
complexity/lack of complexity in the analysis. 

A related concern in FRCC methodology is 
forest species composition. The FRCC method 
uses forest structure to define seral stages; spe-
cies composition is not taken fully into account. 
Hugh Safford (USDA Forest Service, personal 
communication) and others have reported this 
weakness when FRCC methods are applied to 
fire-dependent California forests. In the Pacific 
Northwest, grand fir (Abies grandis) in potential 
vegetation types (notably ponderosa pine), where 
it was historically less abundant, is a composition 
concern in management that may be missed if 
only forest structure is considered (Hessburg et 
al. 2015). Previous logging that emphasized the 
removal of large ponderosa pine may also have an 
effect on current late seral species composition.

TABLE 3. Restoration needs by management category and land administration in forested areas of the Pacific Northwest for 
the fire-dependent areas east of the Cascade crest, and also including southwest Oregon (Eastside). Management 
categories are from Ringo et al. (2016). Multiple objectives also includes the Conservation and Stand Age Dependent 
categories from that document. Administration/restoration combinations with areas less than 500 ha are indicated by 
a dash.

Total
ha.

Disturbance Only
Disturbance then 

Succession Succession Only
ha. % ha. % ha. %

Active management
USFS  2,016,000  293,000  15  433,000  21  98,000  5 
BLM  247,000  26,000  11  62,000  25  26,000  11 
State  81,000  9,000  11  18,000  22  6,000  7 
Other public  4,000  -  - 1,000  25  -  -
Tribal  580,000  75,000  13  130,000  22  31,000  5 
Private  1,217,000  138,000  11  259,000  21  131,000  11 
Multiple objectives
USFS  3,198,000  496,000  16  510,000  16  182,000  6 
BLM  382,000  59,000  15  115,000  30  42,000  11 
State  284,000  38,000  13  67,000  24  18,000  6 
Other public  35,000  6,000  17  7,000  20  3,000  9 
Tribal  117,000  8,000  7  22,000  19  7,000  6 
Private  2,051,000  226,000  11  486,000  24  191,000  9 
Preservation
USFS  1,138,000  160,000  14  65,000  6  91,000  8 
BLM  76,000  8,000  11  19,000  25  6,000  8 
State  25,000  3,000  12  4,000  16  2,000  8 
Other public  102,000  16,000  16  4,000  4  7,000  7 
Tribal  -  -  -  -  -  -  -
Private  36,000  5,000  14  10,000  28  3,000  8 
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Land allocations are also an important consid-
eration in assessing restoration needs, as they can 
indicate practical options (or lack of options) on 
landscapes. In Tables 3 and 4, we use three broad 
land use management categories of Active Man-
agement, Multiple Objectives, and Preservation, 
following Ringo et al. (2016). We caution that this 
work is far from prescriptive, and that any work 
on the ground must involve careful planning to 
reflect local complexities. Nevertheless, our work 
should be a powerful planning tool to indicate 
forest structural restoration needs at the scale of 
Regional assessments, National Forest plans, and 
BLM District resource management plans. 

A comparison of this analysis with results 
from the “Simple 7” analysis (Figure 7) shows 
Westside ecological departure in different ways. 
The Simple 7 approach reports overall landscape 

departure, regardless of whether that departure 
reflects a need for disturbance or succession. 
The clearly departed areas west of the Cascade 
crest reflect a need for succession. The Simple 7 
analysis is a reminder that departure can result 
from a variety of sources, including past logging 
history, and not only from fire suppression. The 
moister Westside map zones show a stronger need 
for succession than for disturbance (Table 4), and 
this is reversed on the fire-dependent Eastside 
(including Southwest Oregon) where the need for 
disturbance and disturbance followed by succes-
sion is more prominent (Table 3). Use of a our 
more targeted approach, where specific needs for 
disturbance and succession are identified, offers 
a clearer picture of restoration needs than the 
broader FRCC strata map (Figure 7). 

TABLE 4. Restoration needs by management category and land administration in forested areas of the Pacific Northwest for the 
area west of the Cascade crest (Westside), excluding southwest Oregon. Management categories are from Ringo et al. 
(2016). Multiple objectives also includes the Conservation and Stand Age Dependent categories from that document. 
Land administration/restoration combinations with areas less than 500 ha are indicated by a dash.

Total
Disturbance 

Only
Disturbance then 

Succession Succession Only
ha. ha. % ha. % ha. %

Active management
USFS  301,000  17,000  6  16,000  5  22,000  7 
BLM  104,000  3,000  3  11,000  11  16,000  15 
State  477,000  1,000  0  20,000  4  145,000  30 
Other public  2,000  -  -  -  -  -  -
Tribal  123,000  1,000  1  6,000  5  52,000  42 
Private  3,099,000  15,000  0  210,000  7  1,089,000  35 
Multiple objectives
USFS  1,635,000  64,000  4  53,000  3  169,000  10 
BLM  274,000  8,000  3  21,000  8  43,000  16 
State  508,000  3,000  1  16,000  3  122,000  24 
Other public  4,000  -  -  -  -  1,000  25 
Tribal  -  -  -  -  -  - -
Private  1,263,000  9,000  1  66,000  5  365,000  29 
Preservation
USFS  668,000  56,000  8  9,000  1  63,000  9 
BLM  11,000  -  -  -  -  1,000  9 
State  60,000  1,000  2  1,000  2  10,000  17 
Other public  672,000  29,000  4  9,000  1  81,000  12 
Tribal  -  -  -  -  -  - -
Private  28,000  -  -  1,000  4  6,000  21 
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With a changing climate, increased numbers of 
large fires are expected in the Pacific Northwest 
(Trouet et al. 2006, Littell et al. 2009, 2010; Rog-
ers et al. 2011, Raymond and McKenzie 2012). 
Recent work by Reilly et al. (2017), documenting 
fires in the region from 1985-2010, indicates fire 
severity and sizes are within historical norms, 
with the notable exception of the ponderosa pine 
zone (Fire Regime I) east of the Cascade crest. 
Fire suppression has resulted in shifts in species 
composition and fuel accumulations that led to 
higher severity fire effects. Future large fires of 
concern are associated with drought events, since 
they can generate fires with unique, uncertain 
ecological outcomes (Littell et al. 2010). In the 
moist Westside zone, fires during 1985-2010 were 

consistent with historical norms. 
Although fire extent is predicted to 
increase three times by the 2040s, 
they are still predicted to cover a 
relatively small area (Littell et al. 
2010). Reilly et al. (2017) builds on 
a growing body of work (Dillon et 
al. 2011, North et al. 2015, Calkin 
et al. 2015) pointing to the need 
for a revised suppression strategy, 
letting some fires burn under less 
extreme fire weather conditions 
so that fires in extreme weather 
conditions are minimized and more 
within the NRV. 

In recent years the adequacy 
of potential vegetation and the 
range of natural variation have 
come into question. Some authors 
have suggested a future range of 
variation be developed (Thomp-
son et al. 2006, 2009; Moritz et 
al. 2013).  Patterns of vegetation 
and ecological processes within an 
historical range of variation may 
not be stable, not only because 
of land development and altera-
tion since 1850, but because of a 
changing climate. As we continue 
to learn, we build an understanding 
of what a future range of variation 

might look like, but it is also important to keep 
perspective. Our understanding of the historical 
range of variation is currently better developed 
than our understanding of a future range (Keane 
et al. 2009). Moritz et al. (2013) have suggested a 
bounded range of variation building on the NRV 
but incorporating socio-ecological thresholds. At 
present, an historical range of variation offers our 
best understanding of what the NRV is, and hence 
our best understanding of sustainable and resilient 
landscapes. We should continue to refine these 
understandings until we reach a point where we 
can use a future range of variation with confidence. 
As Reilly et al. (2017) have shown, fires in the 
ponderosa pine type are now outside the historical 
range in fire size, but in other potential vegetation 
types they are still within historical norms. This 

Figure 4. Map of succession restoration needs (succession only plus disturbance 
then succession) in forested areas of the Pacific Northwest
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Figure 5. Restoration needs (hectares) in forested areas of the Pacific Northwest by land administration and map zone. Not listed: 
Oregon Southeast and Washington Columbia Basin, because of minor amounts of forested area.

Figure 6. Restoration needs (hectares) in forested areas of the Pacific Northwest by fire regime group and map zone. Not listed: 
Oregon Southeast and Washington Columbia Basin because of minor forest areas.
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will undoubtedly change with a warming climate 
(Littell et al. 2009, 2010).  Vegetation is affected 
not only by systematic climate changes, but also 
by local, non-climatic factors (Parmesan and Yohe 
2003). Fires are often affected by local topographic 
factors, so they may not directly follow climate 
shifts (Moritz et al. 2013). Insects and pathogens 
will also have an influence in this process. Finally, 
in adaptive management the challenge of applying 
science is to avoid severe mistakes that preclude 
options. In the face of uncertain or incomplete 
information, management decisions that “do no 
harm” can be acceptable, and can be adjusted as 
time goes on. Although we should continually 

adapt as more is learned, there 
is little evidence that current 
recommendations for restora-
tion through thinning, prescribed 
fire, and wildland fire use based 
on our current understanding of 
potential vegetation and the NRV 
will have adverse effects. Indeed, 
the experience so far is that they 
will be inadequate, and that we 
should seek ways to effectively 
increase the magnitude of our 
impact.

Summary 

Our work clearly indicates a 
strong difference in forest struc-
tural restoration need between the 
fire-dependent zone east of the 
Cascade crest and Southwest Or-
egon (the Eastside), and moister 
forests west of the Cascade crest 
(the Westside). Eastside forests 
are dominated by a need for dis-
turbance, and Westside forests by 
a need for succession.

In our work, we did not dis-
tinguish between complex early 
seral and the relatively simple 
structure of forest plantations. 
This is an important issue, and 
the provision for complex early 

seral forest, in contrast to that generated by co-
nifer plantations and/or removal of early seral 
hardwoods on industrial forests, remains a press-
ing management concern. We intend to add this 
refinement in future work.

Forest restoration should consider species 
composition in addition to structure. This is a 
weakness inherent in FRCC-related metrics. 
Planned restoration treatments should take this 
into consideration. Another consideration for 
Westside structural restoration is the opportunity 
for silvicultural treatments, such as variable density 
thinning, to accelerate development of late-seral 
forest characteristics.

Figure 7. Fire regime condition class (FRCC) assessment of the study area by 
potential vegetation type and landscape unit (strata) using a modified 
Simple 7 method to display percent departure from natural range of 
variation (NRV). See text for further discussion.
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A warming climate is another factor affecting 
the implications of our work. However, all evidence 
encountered so far indicates both Eastside and 
Westside restoration treatments will be effective 
tools to help landscapes remain or become more 
resilient in the face of climate impacts. 

Refinements in our understanding of ecological 
departure and restoration reported in this paper 
include: 1) a more recent mapping of current for-
est structure; 2) better determination of structural 
classes, particularly in more productive forests west 
of the Cascade crest; 3) a more accurate depiction 
ponderosa pine biophysical setting mapping for 
the Blue Mountains of northeast Oregon; and 4) 
complete coverage of the forested areas of Oregon 
and Washington.

Considerations of early seral needs, species 
composition, and silvicultural options to encour-
age development of late seral characteristics are 
important considerations for planning restoration 
on the Westside, making it more nuanced than the 
Eastside. And local planning always involves a 
complex set of environmental, economic, and 
social considerations and constraints. Neverthe-
less, our work is a powerful tool for planning 

forest structural restoration needs at the scale of 
regional or Forest plan assessments.
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