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Fig. 12. (A) Dichotomous key that uses data layers developed in the study to stratify lands and identify landscape restoration themes (LRT). See Table 3 for details. (B)
Resulting map showing the spatial distribution of the restoration themes for the Mt.  Baker-Snoqualmie (MBS) and Okanogan-Wenatchee (OKA-WEN) national forests.

roadless areas, and biodiversity values in terms of rare habitat were
probably eliminated by logging activities over the last century. Thus
reserve systems are located in remote locations, lessening their
potential impacts as a source of wildfire. However, the establish-
ment of “New West” amenity communities (Winkler et al., 2007)
and the overall expansion of the WUI  (Theobald & Romme, 2007)
has probably increased the potential transmission from reserve
systems in recent years.

The broad scale mapping of restoration themes (Fig. A2,
electronic appendix) can facilitate explicit identification of man-
agement conflicts and opportunities (Bullock et al., 2011; Rieman
et al., 2010), as well as provide a roadmap to build multi-functional
landscapes (Reyers, O’Farrell, Nel, & Wilson, 2012) envisioned in
restoration and wildfire policy (USDA-USDI, 2014; USDA Forest
Service, 2012a). In contrast to previous studies, we  did not ren-
der judgements on the specific needs for restoration versus fire
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protection programs (e.g., Platt et al., 2006), a complex problem
given the uncertainty of mega fires under a changing climate, but
rather provided a way to organize and prioritize existing pro-
grams according to major socio-ecological dimensions of managing
wildfire risk on national forests. Our approach (Fig. 12) linked trans-
mission of wildfire risk with federal planning direction and local
fire ecology to map  restoration themes, thereby revealing spatially
explicit management conflicts and opportunities. Existing policy
and prioritization frameworks lack the spatial specificity needed
by planners to downscale broad management goals (resilient land-
scapes, fire adapted communities, wildfire response; USDA-USDI,
2014) from county scale data (e.g., Fig. 2.1 in USDA-USDI, 2014)
to the scale of planning areas (e.g., 5000–20,000 ha) where treat-
ments are prioritized and implemented. This process can also help
national forest planning efforts navigate the nexus between emerg-
ing policy initiatives for restoration, fuel management, and fire
protection. For instance, we identified areas of conflict where WUI
and amenity fire protection objectives may  not be achieved due to
national forest plan constraints (LRT3, Table 3), or because refer-
ence dry forest structure may  not adequately address wildfire risk
transmission (LRT1, Table 3). Subsequent analyses on the individ-
ual restoration themes that include variables describing economics
and resource protection can be performed at local scales to priori-
tize landscapes for restoration using spatial optimization and other
prioritization tools (Ager, Vaillant, & McMahan, 2013; Hessburg
et al., 2013), as well as perform tradeoff analyses to identify produc-
tion possibility frontiers for restoration and fire protection (Allan
et al., 2013; Maron & Cockfield, 2008; Schroter, Rusch, Barton,
Blumentrath, & Norden, 2014).

Collaborative planning groups engaged in forest restoration
(Butler, Monroe, & McCaffrey, 2015; Schultz, Jedd, & Beam, 2012)
and ongoing national forest plan revision efforts (USDA, 2012) can
leverage explicit wildfire risk and transmission patterns intersected
with management capability and ecological conditions to improve
their understanding of mega fire impacts to WUI  (Butler et al.,
2015), conservation reserves, and amenity areas. The process can
facilitate linking restoration goals and managing landscapes for
fire protection, historical range of variability, and socio-economic
goals for increasing jobs in timber dependent communities to
site-specific treatment strategies and priorities as part of project
planning (Ager et al., 2013) (Fig. 12). Compared to current ad hoc
prioritization systems that rely on fire regime and condition class,
we argue that spatially explicit planning frameworks can untangle
competing objectives and prioritize activities based upon a broader
context. The juxtaposition of forests, people, and large fires (Spies
et al., 2014) should be incorporated in a coupled systems context.

We acknowledge limitations in both the data and modeling. In
particular LANDFIRE data on fire regimes probably overestimates
the area of fire-adapted forest area on the eastside forests. In retro-
spect, using potential vegetation maps might have provided better
resolution on the location of fire-adapted forest areas, but regional
data are inconsistent and incomplete. We  also chose to use LAND-
FIRE since its coverage makes it possible to extend the analyses
to other fire prone national forests. Our aggregation of the over
800 national forest plan land designations in the study area in
terms of management restrictions was not without error, since
local national forest managers can have variable interpretations of
national forest plan direction and the acceptability of active man-
agement. Some land designations require extensive consultation
and approval with regulatory agencies, including Late Successional
Reserves and riparian reserves in order to implement active man-
agement. However our approach did not require expert opinion
as used in previous studies to interpret management capability
(North et al., 2015); we identified specific language in national
forest plans to assess management restrictions. The wildfire mod-
eling has a number of limitations discussed previously (Cruz &

Alexander, 2010) and thus we limited our interpretation to broad
patterns of potential fire impacts within the study area. We sug-
gest that modeling methods be refined with local data as part of
ongoing national forest plan revisions, collaborative planning, and
accelerated restoration programs on the national forests (USDA
Forest Service, 2015). For instance, local downscaling of the meth-
ods by planning teams could provide more refined analyses that
lead to identification of locations where fuels treatments are con-
strained by national forest plans and ignitions have a high potential
to impact the WUI.

5. Conclusions

We demonstrated the integration of broad-scale and diverse
geospatial data to identify and map  conflicts and opportunities for
restoring fire-adapted forests and fire protection programs aimed
at reducing wildfire impacts to the WUI  in the Pacific Northwest,
US. The results showed that most of the wildfire impacts to adjacent
WUI  emanate from lands where mechanical fuels treatments and
underburning are allowed under national forest plans. Heretofore,
the lack of spatial data and models to map  management conflicts at
strategic scales undoubtedly contributes to ongoing debates about
the effectiveness of restoration, biodiversity conservation, and fire
protection policy (DellaSala et al., 2013; Franklin & Johnson, 2012).
We envision local application of the methods and results at the
scale of individual national forests to improve the effectiveness of
landscape planning efforts and address “all lands” federal policies
regarding restoration, resiliency, and wildfire protection.
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