Wildfire Resilience Papers--Ecological Reforestation Context 

Link to CA Fire Science Consortium Presentations (M. Meyer & M. North) https://www.youtube.com/watch?v=Tu92373T8Gg&t=10s

1. Title: Tamm Review: Reforestation for resilience in dry western U.S. forests
Authors: North et al. plus 24 co-authors
Publication: Forest Ecology and Management 432     Date: 2019
Link to paper: https://northlab.faculty.ucdavis.edu/wp-content/uploads/sites/195/2018/11/Reforestation-for-resilience-Tamm-Review-North-FEM-2019.pdf

Key Findings: This paper summarizes recent research on the conditions under which current standard reforestation practices in the western U.S. may need adjustment and suggests how these practices might be modified to improve their success. In particular we examine where and when plantations with regular tree spacing elevate the risk of future mortality, and how planting density, spatial arrangement, and species composition might be modified to increase seedling and sapling survival through recurring drought and fire events. 

Within large areas of contiguous mortality, we suggest a “three zone” approach to reforestation following a major disturbance that includes; (a) working with natural recruitment within a peripheral zone near live tree seed sources; (b) in a second zone, beyond effective seed dispersal range but in accessible areas, planting a combination of clustered and regularly spaced seedlings that varies with microsite water availability and potential fire behavior; and (c) a final zone defined by remote, steep terrain that in practice limits reforestation efforts to the establishment of founder stands. We also emphasize the early use of prescribed fire to build resilience in developing stands subject to increasingly common wildfires and drought events. Finally, we highlight limits to our current understanding of how young stands may respond and develop under these proposed planting and silvicultural practices, and identify areas where new research could help refine them.


2. Title: Local Forest structure variability increases resilience to wildfire in dry western U.S. coniferous forest  
Authors: Koontz et al.  (M. Koontz, M. North, C. Werner, S. Fick, and A. Latimer)
Publication: Ecology Letters   Date: 2020
Link to paper: https://onlinelibrary.wiley.com/doi/abs/10.1111/ele.13447

Key Findings:
We find that greater variability in forest structure increases resilience by reducing rates of fire-induced tree mortality and that the scale of this effect is local, manifesting at the smallest spatial extent of forest structure tested (90 x 90 m). Resilience of these forests is likely compromised by structural homogenization from a century of fire suppression, but could be restored with management that increases forest structural variability.

3. Title:  Higher incidence of high-severity fire in and near industrially managed forests
Authors:  Jacob I Levine, Brandon M Collins, Zachary L Steel , Perry de Valpine , and Scott L Stephens
Publication: Research Communications     Date: 2022
Link to paper: https://esajournals.onlinelibrary.wiley.com/doi/abs/10.1002/fee.2499

Key Findings:  The increasing prevalence of high-severity wildfire in forests in the US state of California is connected to past forest management, but uncertainty remains regarding the differential effects of land ownership on these trends. To determine whether differing forest management regimes, inferred from land ownership, influence high-severity fire incidence, we assembled and analyzed a large dataset of 154 wildfires that burned a combined area of more than 971,000 ha in California. We found that where fires occurred, the odds of high-severity fire on “private industrial” lands were 1.8 times greater than on “public” lands and 1.9 times greater than on “other” lands (that is, remaining lands classified as neither private industrial nor public). Moreover, high-severity fire incidence was greater in areas adjacent to private industrial land, indicating this trend extends across ownership boundaries. Overall, these results indicate that prevailing forest management practices on private industrial timberland may increase high-severity fire occurrence, underscoring the need for cross-boundary cooperation to protect ecological and social systems.

4. Title: Avian Monitoring in Central Sierra Post-fire Areas
Authors: Alisa M. Fogg, Zachary L. Steel, Ryan D. Burnett
Point Blue Conservation Science          Date:  April 2016
Link to paper: https://zack-steel.com/files/Fogg%20et%20al%202016%20-%20Avian%20Monitoring%20of%20Central%20Sierra%20Post-fire%20Areas.pdf


Post-Fire Habitat Management Recommendations (Partial List) 

Shaping Future Forest 

· Limit replanting of dense stands of conifers in areas with significant oak regeneration and when replanting these areas use conifer plantings in clumps to enhance the future habitat mosaic of a healthy mixed conifer hardwood or pine-hardwood stand.
· Consider managing smaller burned areas (<5000 acres) and substantial portions of larger fires exclusively for post-fire resources for wildlife especially when there have been no other recent fires (within the last 10 years) in the adjoining landscape.
· Retain patches of high severity burned areas adjacent to intact green forest patches as the juxtaposition of disparate habitats is positively correlated with a number of avian species, including those declining such as Olive-sided Flycatcher, Western Wood-Pewee, and Chipping Sparrow.
· Incorporate fine scale heterogeneity in replanting by clumping trees with unplanted areas interspersed to create mosaics that will invigorate understory plant communities, increase natural recruitment of shade intolerant tree species, and help reduce future fire risk.
· Plant a diversity of tree species where appropriate, as mixed conifer stands generally support greater avian diversity than single species dominated stands in the Sierra Nevada.
· Consider staggering plantings across decades and leaving areas to naturally regenerate in order to promote uneven-aged habitat mosaics at the landscape scale.
· Consider fuels treatments to ensure the fire resiliency of remnant stands of green forest within the fire perimeter. These areas increase avian diversity within the fire and the edges between unlike habitats support a number of species (e.g. Olive-sided Flycatcher).
· Avoid planting conifer species in or adjacent to riparian areas (dependent on riparian corridor size), primarily in the floodplain, to avoid future shading of riparian deciduous vegetation from the south or west, and increased competition.
· Consider replanting riparian tree species (cottonwood, willow, alder, aspen) in riparian conservation areas affected by stand replacing fire where natural regeneration is lacking.


5. Title: Damage and mortality patterns in young mixed conifer plantations
following prescribed fires in the Sierra Nevada, California
Authors:  Robin S. Bellows, Ariel C. Thomson, Kate J. Helmstedt, Robert A. York, Matthew D. Potts
Publication: Forest Ecology and Management 376   Date: 2016
Link to publication: https://www.sciencedirect.com/science/article/abs/pii/S0378112716302961

Key Finding: 
As the application of prescribed fires is expanded to landscape levels,
it may not be necessary to exclude young stands from low intensity
prescribed fires depending on their age and size. Introducing fire early is also consistent with the pre-suppression fire regime of the mixed conifer forest. In the forest surrounding our study area, for example, median point fire return interval is 9–15 years. At least some, if not most, young stands likely experienced fire prior to the era of fires suppression. While our study demonstrated the feasibility of burning in young stands (especially if burned during the fall), a high degree of variability in burn effects on damage and mortality should be expected, potentially to an even greater extent compared to mature stands.



6. Title: Shrub removal in reforested post-fire areas increases native plant species richness.
Authors: Gabrielle N. Bohlman, Malcolm North, Hugh D. Safford
Publication: Forest Ecology and Management 374   Date: 2016
Link to publication: https://www.sciencedirect.com/science/article/abs/pii/S0378112716302353?via%3Dihub


Key Findings:
A common management concern is the potential of invasive grasses to generate sufficient biomass to increase fire hazard. Similar to other studies, our research found an increase in the richness and biomass of exotic grasses in reforested areas treated by herbicide (e.g., McGinnis et al., 2010; McDonald and Everest, 1996), creating a potential fire hazard worth considering when using herbicides to control shrubs during reforestation. Indiscriminate broadcast spraying seems especially likely to create continuous and dense layers of grassy fuels that may increase fire hazard and threaten the survival of tree plantations when they burn.

As with understory species diversity, live and dead fuel accumulations in planted forests might be better managed by promoting more open-canopied (preferably heterogeneous) stand conditions using spatially and temporally variable forest thinning, prescribed fire, or naturally ignited wildfires under moderate weather conditions (Youngblood, 2005; Kobziar et al., 2009). By creating open conditions early in stand development, it may be more feasible to use prescribed fire as a silvicultural tool influencing seral development.

The spatial scale and arrangement of early seral conditions in burned areas has shifted from a fine-scale arrangement of smaller patches, which characterized mixed conifer forests before Euromerican settlement, to a coarse-scale arrangement dominated by large high severity patches (Mallek et al., 2013; Harris and Taylor, 2015; Safford and Stevens, in press). As a result, modern fires often decrease fine scale heterogeneity and potentially the biodiversity associated with local microclimate and habitat variability. This suggests that post-fire restoration may need to provide some of that heterogeneity by managing for different objectives at fine scales.

Our study suggests that active reforestation that helps trees establish in these landscapes by utilizing a variety of management tools to either control or localize shrub cover can also help sustain overall biodiversity on the landscape. Since intensive reforestation may not always be feasible at the landscape level given the size of high-severity patches in many recent Sierra Nevada wildfires (>1000 ha patches are no longer uncommon), selecting smaller patches to reforest and maintain within a larger high-severity area become necessary triage (Schönenberger, 2001; Holl et al., 2011; Stanturf et al., 2014). This concept, sometimes termed “applied nucleation” or ‘‘founder stands”, may be beneficial when resources are limited and seed sources are distant. Allowing topography to help direct the location and type of different management practices and objectives can be useful in returning vegetation heterogeneity to the system while minimizing the likelihood of an unwanted re-burn.
7. Title: Managed Wildfire Effects on Forest Resilience and Water in the Sierra Nevada
Authors: Gabrielle Boisrame, Sally Thompson, Brandon Collins, and Scott Stephens
Publication:  Ecosystems                              Date: 2016   
Link: Managed Wildfire Effects on Forest Resilience and Water in the Sierra Nevada (usda.gov)

Key Findings: Fire suppression in many dry forest types has left a legacy of dense, homogeneous forests. Such landscapes have high water demands and fuel loads, and when burned can result in catastrophically large fires. These characteristics are undesirable in the  based on managed wildfire—a regime in which fires are allowed to burn naturally and only suppressed under defined management conditions—offer a potential strategy to ameliorate the effects of fire suppression.

Managed wildfire appears to increase landscape heterogeneity, and likely improves resilience to disturbances, such as fire and drought, although more detailed analysis of fire effects on basin-scale hydrology is needed.


8. Title: Dry forests and wildland fires of the inland Northwest USA: Contrasting the landscape ecology of the pre-settlement and modern eras
Authors: Paul F. Hessburg, James K. Agee, Jerry F. Franklin 
Publication: Forest Ecology and Management             Date: 2005
Link: Dry forests and wildland fires of the inland Northwest USA: contrasting the landscape ecology of the pre-settlement and modern eras. | US Forest Service Research and Development (usda.gov)

Key Finding: Extant dry forests no longer appear or function as they once did. Large landscapes are homogeneous in their composition and structure, and the regional landscape is set up for severe, large fire and insect disturbance events. Among ecologists, there is also a high degree of concern about how future dry forests will develop, if fires continue to be large and severe.


9. Title: Extreme Winds Alter Influence of Fuels and Topography on Megafire Burn Severity in Seasonal Temperate Rainforests under Record Fuel Aridity
Authors: Cody Evers, Andrés Holz, Sebastian Busby, and Max Nielsen-Pincus 
Publication: Fire                           Date: 2022 
Link: Fire | Free Full-Text | Extreme Winds Alter Influence of Fuels and Topography on Megafire Burn Severity in Seasonal Temperate Rainforests under Record Fuel Aridity (mdpi.com)

Key Findings: Our results confirm that wind was the major driver of the 2020 megafires, but also that both vegetation structure and topography significantly affect burn severity patterns even under extreme fuel aridity and winds. Early-seral forests primarily concentrated on private lands, burned more severely than their older and taller counterparts, over the entire megafire event regardless of topography.


10. Title: Fire Hazard Reduction in Ponderosa Pine Plantations: Final Report to the Joint Fire Science Program
Authors: John Swanson, District Ranger – Stanislaus National Forest, Dr. Scott Stephens Assistant Professor of Fire Sciences, University of California, Berkeley, Dr. Kevin O’Hara Associate Professor of Silviculture, University of California, Berkeley, Mr. Ken Blonski East Bay Regional Parks, CA, Dr. John Shelly University of California Extension Advisor – Biomass Utilization, Leda Kobziar, Graduate student, University of California, Berkeley.
Publication: Joint Fire Science Program                  Date: 2008
Link: Fire hazard reduction in ponderosa pine plantations - Final Report to the Joint Fire Science Program | FRAMES


Key Finding: In ponderosa pine-dominated plantations, post-wildfire analysis found that plantations previously treated with understory burning were less severely burned, and untreated plantations burned completely and severely (Weatherspoon and Skinner, 1995). Also, from the edge of previously understory-burned plantations inward toward the middle of the stands, wildfire behavior was markedly reduced in intensity and severity. In contrast to mastication alone, mastication plus prescribed fire or fire alone in the Granite plantations was more effective in reducing potential fire behavior and severity. Compared to the Controls, the increases in height to live crown base in both burned treatment types along with the increase in tree diameter in the Fire Only treatment played a role in reducing potential mortality and PCVS. Prescribed fire in both treatment types was the only manipulation which resulted in lower modeled mortality and PCVS for the smaller size classes (< 30 cm diameter), and overall, in comparison to the Control.


11. Title: Growth and spatial patterns of natural regeneration in Sierra Nevada mixed-conifer forests with a restored fire regime
Authors: Hannah M. Fertel, Malcolm P. North, Andrew M. Latimer, Jan Ng 
Publication: Forest Ecology and Management  519          Date: 2022
Link: Growth and spatial patterns of natural regeneration in Sierra Nevada mixed-conifer forests with a restored fire regime | US Forest Service Research and Development (usda.gov)

Key Findings: We found that the majority (75%) of sampled stems were found in clumps. Our mixed-effect models indicated that for trees growing within clumps, increased crowding slowed tree growth, as expected. Surprisingly, however, compared with individual trees growing outside clumps, trees growing within clumps grew significantly faster. Shrub cover in proximity to juvenile trees did not have a consistent impact across our models, but was associated with increased annual height growth. Additionally, plots with high shrub cover had higher stocking rates among the tallest regenerating stems (height > 137 cm). Our findings indicate that clumped spatial patterns of natural tree recruitment may favor the establishment and early growth of regenerating conifers in active-fire forests. While our study focused only on the early stages (<30 years old) of regeneration, our results contrast with common reforestation strategies favoring regular, widely-spaced plantings and aggressive shrub reduction. Our research suggests we need a better understanding of how heterogeneity in the spatial patterns of juvenile trees and shrubs may enhance the resilience of regenerating stands as they mature.


12. Title: Restoring fire-prone Inland Pacific landscapes: seven core principles
Authors: Paul F. Hessburg . Derek J. Churchill . Andrew J. Larson . Ryan D. Haugo . Carol Miller . Thomas A. Spies . Malcolm P. North . Nicholas A. Povak . R. Travis Belote . Peter H. Singleton . William L. Gaines . Robert E. Keane . Gregory H. Aplet . Scott L. Stephens . Penelope Morgan . Peter A. Bisson . Bruce E. Rieman . R. Brion Salter . Gordon H. Reeves
Publication: Landscape Ecology                           Date: 2015
Link: https://www.fs.usda.gov/research/treesearch/49805


Key Finding:  Principle 5 Successional patches are ‘‘landscapes within landscapes’’. Even though patches themselves define the heterogeneity of local landscapes, they too are defined by within-patch heterogeneity. Reconstructions from pre-settlement era and contemporary forests with active wildfire regimes (Fry et al. 2014; Larson and Churchill 2012; Lydersen et al. 2013; Fig. 10) show that patches in fire-prone dry and mesic mixed-conifer forests comprised fine-scale mosaics of individual trees, and tree clumps and openings (gaps) of various sizes. These spatial patterns influence patch-level resilience to disturbances, rates of succession and stand dynamics processes (Sanchez Meador et al. 2009; Stephens et al. 2008; Dodson et al. 2008; Fettig et al. 2007), and wildlife habitat characteristics (Kotliar and Wiens 1990; Dodd et al. 2006; Wiens and Milne 1989). Implication In dry pine, and dry to mesic mixed-conifer forests, restore characteristic tree clump and gap variation within patches. Patch level prescriptions should aim to restore variable patterns within stands and begin to dissolve the uniformity achieved in prior stand-level prescriptions (Churchill et al. 2013; Franklin et al. 2013; Reynolds et al. 2013; Jain et al. 2008; North et al. 2009); especially in even-aged stands. Presettlement era and contemporary forests with active wildfire regimes (e.g., Fule` et al. 2012; Harrod et al. 1999; Larson and Churchill 2012; Lydersen et al. 2013; Fig. 10) provide a reference for these conditions. In many cases, old stand and plantation boundaries can be dissolved to create large patches that better match the topographic template across a broad range of patch sizes (see Principle 2 above) (North et al. 2009; Box 4).


13. Title: First entry wildfires can create opening and tree clump patters characteristic of resilience forests. 
Authors:  Van R. Kane, Bryce N. Bartl-Geller, Malcolm P. North, Jonathan T. Kane, Jamie M. Lydersen, Sean M.A. Jeronimo, Brandon M. Collins, L. Monika Moskal                                                             Date: 2019
Publication: Forest Ecology and Management and USDA-FS  https://www.fs.usda.gov/research/treesearch/60434#:~:text=Our%20study%20suggests%20that%20first,disproportionate%20expense%20of%20larger%20trees.

Key Findings: 
We studied forest structures resulting from these “first-entry” fires in a forest with a history of timber management (2008 American River Complex Fires, Tahoe National Forest) and in a wilderness area (2009 Big Meadow Fire, Yosemite National Park). We compared the results of these first-entry fires with nearby reference areas that had experienced 2+ fires that burned predominately at low- and moderate-severity. We identified visible overstory trees from the lidar data and examined their patterns in terms of individuals, tree clumps, and openings. We found that moderate-severity fire effects in these first-entry fires produced similar patterns to the reference areas with area in openings at approximately 40% and trees predominately in small (2 to 4 trees) and medium (5–9 trees) clumps High-severity fire produced mortality likely to lead to large canopy openings that were historically uncharacteristic in these forests. As burn severity increased, the amount of the residual canopy area represented by taller trees (>16 m and especially >32 m) decreased, which could result from fires preferentially killing taller trees or from locations with taller trees more commonly experiencing lower burn severities. Our study suggests that first-entry fires allowed to burn under less-than-extreme conditions can reproduce spatial patterns resembling historical conditions resilient to fires and drought but possibly at the disproportionate expense of larger trees.


14. Title: Efficacy of variable density thinning and prescribed fire for restoring forest heterogeneity to mixed conifer forest in the central Sierra Nevada, CA 
Authors: Eric E. Knapp, Jamie M. Lydersen, Malcolm P. North, Brandon M. Collins.
Publication: Forest Ecology and Management 406      Date:  2017
https://www.fs.usda.gov/research/treesearch/55471

Key Findings: Frequent-fire forests were historically characterized by lower tree density, a higher proportion of pine species, and greater within-stand spatial variability, compared to many contemporary forests where fire has been excluded. As a result, such forests are now increasingly unstable, prone to uncharacteristically severe wildfire or high levels of tree mortality in times of drought stress. 

While reducing tree density might help to restore resilience, thinning treatments are frequently seen as conflicting with management for other resources such as wildlife habitat, in part because standard thinning prescriptions don’t typically produce the degree of within stand heterogeneity found in historical forests. 

Prescribed fire did not significantly reduce basal area or alter the species composition. Prescribed burning did significantly reduce surface fuel loads, while thinning alone had no effect for most fuel classes. Our results show that high variability thinning coupled with prescribed burning resulted in a forest better aligned with the conditions present in historical frequent-fire forests, which were known to be more resilient to both wildfire and drought.


15. Title: Tree spatial patterns in fire-frequent forests of western North America, including mechanisms of pattern formation and implications for designing fuel reduction and restoration treatments 
Authors: Andrew J. Larson & Derek Churchill       Date: 2011
Publication: Forest Ecology and Management 267 (2012) 74–92 
https://www.sciencedirect.com/science/article/abs/pii/S0378112711007237

Key Findings: Within-stand spatial pattern is a fundamental attribute of forest structure and influences many ecological processes and ecosystem functions. In this review we synthesize the available spatial reference information for fire-frequent pine and mixed-conifer forests in western North America; interpret this information in the context of restoration and fuel reduction treatment design; and identify areas for future research, including recommended approaches for quantifying within-stand tree spatial patterns.

We identified 50 studies of tree spatial patterns in fire-frequent pine and mixed conifer forests, 25 of which documented spatial reference conditions. The characteristic structure of fire-frequent forests is a mosaic of three elements: openings, single trees, and clumps of trees with adjacent or interlocking crowns. This mosaic structure typically manifests at scales.

Based on these findings, we encourage managers to consciously adopt a view of forest structure that accommodates spatial heterogeneity within forest stands, and to use this conceptualization of forest structure to guide prescription development. Restoration prescriptions and marking guidelines that explicitly incorporate within-stand spatial heterogeneity—such as by specifying the numbers and sizes of openings and tree clumps, and the number of widely-spaced single trees to retain per unit area—will improve the likelihood of restoring characteristic forest structures and the ecological processes such structures support.

16. Title: Diversity in forest management to reduce wildfire losses: implications for resilience 
Authors: Susan Charnley, Thomas A. Spies, Ana M. G. Barros, Eric M. White, and Keith A. Olsen.
Publication: Ecology and Society 22(1):22.              Date: 2017
https://www.fs.usda.gov/research/treesearch/54163

Key Findings: We evaluate the implications of our findings for concepts of social–ecological resilience. Using interview data, we found a high degree of "response diversity" (variation in forest management decisions and behaviors to reduce wildfire losses) between and within actor groups. This response diversity contributed to heterogeneous forest conditions across the landscape and was driven mainly by forest management legacies, economics, and attitudes toward wildfire (fortress protection vs. living with fire). We then used an agent-based landscape model to evaluate trends in forest structure and fire metrics by ownership. Modeling results indicated that, in general, U.S. Forest Service management had the most favorable outcomes for forest resilience to wildfire, and private corporate management the least.

Heterogeneity in social–ecological systems is often thought to favor social–ecological resilience. We found that despite high social and ecological heterogeneity in our study area, most forest ownerships do not exhibit characteristics that make them resilient to high-severity fire currently or in the future under current management. Thus, simple theories about resilience based on heterogeneity must be informed by knowledge of the environmental and social conditions that comprise that heterogeneity.

17. Title: Higher incidence of high-severity fire in and near industrially managed forests
 Authors: Jacob I Levine, Brandon M Collins, Zachary L Steel, Perry de Valpine, and Scott L Stephens
Publication: Ecological Society of America           Date: 2022
https://forestpolicypub.com/wp-content/uploads/2022/04/Frontiers-in-Ecol-Environ-2022-Levine-Higher-incidence-of-high%E2%80%90severity-fire-in-and-near-industrially-managed.pdf


Key Findings: The increasing prevalence of high-severity wildfire in forests in the US state of California is connected to past forest management, but uncertainty remains regarding the differential effects of land ownership on these trends. To determine whether differing forest management regimes, inferred from land ownership, influence high-severity fire incidence, we assembled and analyzed a large dataset of 154 wildfires that burned a combined area of more than 971,000 ha in California. We found that where fires occurred, the odds of high-severity fire on “private industrial” lands were 1.8 times greater than on “public” lands and 1.9 times greater than on “other” lands (that is, remaining lands classified as neither private industrial nor public). Moreover, high-severity fire incidence was greater in areas adjacent to private industrial land, indicating this trend extends across ownership boundaries. Overall, these results indicate that prevailing forest management practices on private industrial timberland may increase high-severity fire occurrence, underscoring the need for cross-boundary cooperation to protect ecological and social systems.

18 Title: Managing fire-prone forests in the western United States
Authors: Reed F Noss, Jerry F Franklin, William L Baker, Tania Schoennagel, and Peter B Moyle
Publication: Front Ecol Environ 2006; 4(9): 481–487        Date: 2006
file:///C:/Users/craig/Downloads/Managing_fire-prone_forests_in_the_Western_United_.pdf

Key Finding: Fifth Recommendation: the ecological importance of biological legacies and of uncommon, structurally complex early-successional stands argues against actions to achieve rapid and complete reforestation. Re-establishing fully stocked stands on sites characterized by low severity fire may actually increase the severity of fire because of fuel loadings outside the historical range of variability. Finally, species dependent on habitat conditions created by high severity fire, with abundant standing dead trees, require substantial areas to be protected from post-fire logging (Hutto 1995).

More ecological science is needed in fire management Despite the complexity of fire ecology in western forests and uncertainty over the effects of particular management actions, the scientific basis for rational decisionmaking about fire has improved dramatically in recent years. It is time to systematically incorporate principles of ecological science and existing knowledge of individual forest ecosystems into forest fire and fuel policies. One barrier to better use of ecological science is that individuals involved in developing fire policies and practices have tended to be specialists in fire and fuel management, not ecologists, conservation biologists, or other broadly trained scientists. It is not surprising, therefore, that current forest law does not adequately incorporate ecological considerations in its implementation and tends to promote a narrow definition of restoration that focuses almost exclusively on fuels (DellaSala et al. 2004; Schoennagel et al. 2004). True ecological restoration requires the maintenance of ecological processes, native species composition, and forest structure at both stand and landscape scales. Because forests are highly variable over space and time, few universal principles exist for integrating insights from ecology and conservation biology into fire management policies. Nevertheless, one fundamental principle is that managed forests should not only support the desired fire regime but also viable populations of native species in functional networks of habitat (Hessberg et al. 2005). A common-sense conservation goal is to achieve forests that are low maintenance and require minimal repeated treatment. With time, in a landscape of sufficient size, the right end of the restoration continuum (Figure 4) could be reached, where natural fire maintains the system in the desired state. Indeed, wildland fire use is the cheapest and most ecologically appropriate policy for many forests. We envision a future where fire is seen by land managers and the public as the key to healthy forests, but where each forest and each patch of the forest mosaic is recognized for its individuality and managed accordingly. Above all, a guiding principle of forest management should be a precautionary approach that avoids ecological harm.


19. Title: Patterns of Fire Severity and Forest Conditions in the Western Klamath Mountains, California 
Authors: D. Odion, E. Frost, J. Shrittholt, H. Jiang, D. Dellasalla, M. Moritz 
Publication: Conservation Biology Vol. 18, No. 4              Date: 2004 
Link: https://www.fs.usda.gov/rm/pubs/rmrs_gtr292/2004_odion.pdf

Key Finding: (6) that tree plantations experienced twice as much severe fire as multi-aged forests. We concluded that fuel buildup in the absence of fire did not cause increased fire severity as hypothesized. Instead, fuel that is receptive to combustion may decrease in the long absence of fire in the closed forests of our study area, which will favor the fire regime that has maintained these forests. However, plantations are now found in one-third of the roaded landscape. Together with warming climate, this may increase the size and severity of future fires, favoring further establishment of structurally and biologically simple plantations.

20. Title: The ecology of mixed severity fire regimes in Washington, Oregon, and Northern California
Authors: David A. Perry, Paul F. Hessburg, Carl N. Skinner, Thomas A. Spies, Scott L. Stephens, Alan Henry Taylor, Jerry F. Franklin, Brenda McComb, Greg Riegel 
Publication:  Forest Ecology and Management                                 Date: 2011
Link: https://www.fs.usda.gov/research/treesearch/38955
Key Finding: In general, current landscapes have been homogenized, reducing beta diversity and increasing the probability of large fires and insect outbreaks. Further loss of old, fire tolerant trees is of particular concern, but understory diversity has been reduced as well. High stand densities on relatively dry sites increase water use and therefore susceptibility to drought and insect outbreaks, exacerbating a trend of increasing regional drying. The need to restore beta diversity while protecting habitat for closed-forest specialists such as the northern spotted owl call for landscape-level approaches to ecological restoration.


21. Title: Reburn severity in managed and unmanaged vegetation in a large wildfire
Authors: Jonathan R. Thompson, Thomas A. Spies, and Lisa M. Ganio
Publication: PNAS June 19, 2007 vol.104  no. 25  10743–10748       Date: 2007
Link: https://www.fs.usda.gov/research/treesearch/29686

Key Finding: Debate over the influence of post-wildfire management on future fire severity is occurring in the absence of empirical studies. We used satellite data, government agency records, and aerial photography to examine a forest landscape in southwest Oregon that burned in 1987 and then was subject, in part, to salvage logging and conifer planting before it reburned during the 2002 Biscuit Fire. Areas that burned severely in 1987 tended to reburn at high severity in 2002, after controlling for the influence of several topographical and biophysical covariates. Areas unaffected by the initial fire tended to burn at the lowest severities in 2002. Areas that were salvage-logged and planted after the initial fire burned more severely than comparable unmanaged areas, suggesting that fuel conditions in conifer plantations can increase fire severity despite removal of large woody fuels.


22. Title: Conifer Regeneration after Forest Fire in the Klamath-Siskiyous: How Much, How Soon?
Authors: J.P.A. Shatford, D.E. Hibbs, and K.J. Puettmann
Publication: Journal of Forestry                 Date:  April/May 2007
Link: https://ecoshare.info/wp-content/uploads/2009/12/Shatford.etal2007_JFor_ConifRegen.pdf

Key Findings: We report here on the abundance of natural regenerating conifers occupying sites 9 –19 years after stand-replacing wildfires in northern California and southwest Oregon. Our findings redefine concepts of the role and reliability of natural regeneration in high fire frequency systems in the context of ecosystem management (Christensen et al. 1996). Additionally, they highlight the role of temporal and spatial variation as an inherent feature of forest development. Forest managers relying on natural regeneration should feel increased confidence and need to develop plans that can accommodate high levels of variation and accept the prolonged time line of the regeneration process.

Forest managers who use natural regeneration will need to develop planning and decision tools that can accommodate spatial variability and include thresholds for regeneration success with a much longer regeneration phase than commonly accepted in the region (Minore and Laacke 1992). In contrast with previous observations (Hayes 1959, Stein 1986), our findings suggest that the prognosis for achieving reasonable conifer densities are fair to excellent, even on sites with high cover of broad-leaved shrubs and hardwoods. Although conifer growth may be delayed by competition over the short term, benefits in terms of wildlife habitat and site fertility should be considered. 

Viewing ecosystem recovery as a variable and dynamic process highlights the limitations of short-term studies (Donato et al. 2006) that provide an incomplete picture of the regeneration process. In addition, assertions that burned areas, left unmanaged, will remain unproductive for some indefinite period (Sessions et al. 2004) seem unwarranted. A more complete understanding of the tradeoffs among management options is necessary to resolve current controversies. 

23. Title: Fine-scale fire patterns mediate forest structure in frequent-fire ecosystems
Authors: SCOTT M. RITTER, CHAD M. HOFFMAN, MIKE A. BATTAGLIA, CAMILLE S. STEVENS-RUMANN, AND WILLIAM E. MELL
Publication: Ecosphere                                             Date: July 2020
Link: https://esajournals.onlinelibrary.wiley.com/doi/full/10.1002/ecs2.3177

Key Findings: Using a process-based approach, we show how fine-scale forest structure and resistance to crown fire are tightly linked through the effects of the local arrangement of crown fuels on convective and radiative net heat transfer. Our results suggest that isolated trees and, to a lesser extent, small groups of trees (3-ree groups) have higher torching thresholds and reduced consumption compared to trees within larger groups (7 or 19 trees), and therefore, trees in larger groups would be expected to suffer increased rates of mortality for a given surface FLI. Similar to other studies, we found that isolated trees and trees in small groups had increased radiative heating due to longer, obstruction-free view paths (Linn et al. 2005, Pimont et al. 2009).

These results suggest that isolated trees and small groups may act as predictable fire refugia (sensu Meddens et al. 2018) whose increased resistance represents an important pattern-process feedback in frequent-fire forests. This could be one of several pattern-process feedbacks that explain why studies on stand structure in forests with an active fire regime have generally found small mean group sizes (<5 trees) and that a large proportion of trees and basal area occurred as isolated trees and small groups rather than larger sized groups (e.g., Sanchez Meador et al. 2011, ´ Brown et al. 2015, Tuten et al. 2015, Clyatt et al. 2016, Rodman et al. 2016, Wiggins et al. 2019).

Similar to Kane et al. (2014), our results suggest that fires occurring under low to moderate severity conditions are likely to favor the retention and creation of isolated trees and small groups of trees. However, under more extreme burning conditions, our results show that larger groups are likely to experience almost complete combustion and thus result in the creation or expansion of non-treed openings. Together these processes will contribute to self-regulation as fire events will increase the proportion of isolated trees and small groups (features which we suggest have increased resistance), therefore creating stand structures that will be more resistant to the next fire event. However, self-regulation is certainly not a guarantee as fires or portions of fires burning under extreme conditions can overwhelm resistance mechanisms and result in the transition to an alternative stable state (Lauvaux et al. 2016, Stevens-Rumann et al. 2018).

Our analysis suggests that mechanical thinning operations that favor the creation of small groups and isolated individuals will result in greater crown fire resistance than treatments that favor the creation of large continuous groups. Furthermore, our results indicate that crown separation distances as small as 0.75 m can increase the torching threshold and reduce crown consumption. This suggests that by relaxing the inter-tree spacing guidelines such that trees within a group do not need to have an interlocking crown, managers can significantly increase crown fire resistance while potentially not changing the overall ecological function of the group.

Our results also highlight two important ways in which fire burning under low to moderate conditions can be used by managers to support the creation and maintenance of forests that resemble historical conditions. First, our results indicate that fires burning under these conditions can reinforce and maintain historical spatial patterns by favoring the survival of individuals and small clumps. Second, our results suggest that fire burning under these conditions can convert larger tree groups to isolated individuals and small groups that dominate historic forest structure. The role of prescribed fires and wildfires burning under moderate conditions in reducing fuel loading is well understood, and our results lend further support that they can also restore the structures and complex spatial patterns that existed in these forests historically (Holden et al. 2007, Battaglia et al. 2008, Larson et al. 2013, Lydersen et al. 2013, Kane et al. 2019, Brown et al. 2019, Pawlikowski et al. 2019, Walker et al. 2018).

By evaluating how these fine-scale fuel patterns impact torching thresholds, we contribute to a mechanistic understanding of spatial pattern development in historical forests and show how silvicultural thinning treatments that seek to restore these historical forest structures can increase stand-level resistance to crown fire. Particularly, we suggest that treatments that increase the stand-level proportion of isolated trees and small tree groups will have the greatest benefits for forest resistance to crown fire as our results indicate that tree spatial patterns at very-fine scales contribute to self-regulation in fire-prone, forested ecosystems.


24. Title: Pyrodiversity promotes avian diversity over the decade following forest fire
Authors: Morgan W. Tingley, Viviana Ruiz-Gutierrez, Robert L. Wilkerson, Christine A. Howell,
and Rodney B. Siegel
Publication: rspb.royalsocietypublishing.org              Date: 2016
Link: Pyrodiversity promotes avian diversity over the decade following forest fire | Proceedings of the Royal Society B: Biological Sciences (royalsocietypublishing.org)

Key Finding: When evaluated at the scale of individual fires, fires with a greater heterogeneity of burn severities hold substantially more species. High spatial heterogeneity in severity, sometimes called ‘mixed-severity fire’, is a natural part of wildfire regimes in western North America but may be jeopardized by climate change and a legacy of fire suppression. Forest management that encourages mixed-severity fire may be critical for sustaining biodiversity across fire-prone landscapes.

25. Title: Understanding ecological contexts for active reforestation following wildfires 
Authors: Angela M. White, Jonathan W. Long
Publication: New Forest         Date: 2018
Link: https://www.fs.usda.gov/research/treesearch/57834

Key Findings: Extensive forest homogenization and degradation of formerly diverse vegetation patches could lead to disproportionate losses in forest diversity (Kelt et al. 2017; Shepperd et al. 2006; Sollmann et al. 2015).

Therefore, rather than focusing solely on how high-severity fire can shift conifer stands into a non-conifer state [a pathway described by Johnstone et al. (2016)], conceptual models need to recognize how fire exclusion has also shifted meadows, shrub-fields, and open forests with significant hardwood components to conifer forests (Fig. 1). Planting conifer trees in these areas after fire may be contrary to restoring historical or desired non-conifer communities and their associated ecosystem services.

Extensive areas of young trees, whether natural or planted, pose a challenge to restoring fire as a disturbance, because young plantations are highly susceptible to fire (Kobziar et al. 2009)

Many areas that burned at high severity in the recent large wildfires coincide with areas that were replanted following previous wildfires; for example, in a recent study of a highly mixed private and public forests in Oregon, Zald and Dunn (2018) suggested that the young plantations were a more important contributor to high burn severity than fire suppression in old forests.

Furthermore, although our framework suggests how to consider where active reforestation might be appropriate or not, it is important to consider how to customize interventions to particular contexts in more subtle ways (North 2012). For example, different tactical approaches to planting, such as even spacing versus cluster spacing, and variable densities, could better align treatments with restoration goals. Targeting favorable microclimates might guide restoration at fine scales, although it may be challenging for planting crews to implement such guidance. Strategies need to consider temporal factors, because timing after disturbance and weather factors exert strong influence on reforestation outcomes (North et al. 2005).

Historical studies indicate how species composition varied with moisture, with upper and more xeric slopes often dominated by montane chaparral and hardwood trees (Nagel and Taylor 2005; Taylor and Skinner 2003) and where tree survival is often poor (Rother and Veblen 2016). Steep slopes may also be avoided for interventions due to operational constraints, in which case practical considerations may align with ecological objectives to restore non-conifer communities. Planting might also be discouraged in moist bottomlands where natural regeneration, particularly by desirable hardwood species, is expected. National forest policy under the Sierra Nevada Forest Plan Amendment has restricted planting of any conifers closer than 6.1 m from the crown edge of oaks; although it may be important to consider broader strategies for facilitating growth of hardwoods especially where mature trees are scarce (Long et al. 2016). Although Welch et al. (2016) emphasized that Forest Service silvicultural goals are tied to conifer regeneration, managers can also certify that regeneration objectives have been met based upon hardwoods (R. Tompkins, U.S. Forest Service, personal communication).

Recent research suggests that fire may be reintroduced to planted stands that are as young as 12 years old without causing widespread mortality, especially by raking litter away from the boles to reduce scorch, and possibly even pruning low branches (Bellows et al. 2016). If conifer plantings can withstand reintroduction of fire within such a frequent return interval, there is potential for meeting goals of restoring low-severity fire as an ecological process while also regenerating conifers, despite the problem that historical plantations have been associated with increased fire severity. 

Resilience theory asserts that post-fire environments represent a “back loop” stage marked by high unpredictability and often receiving less attention than the growth and conservation phases of resource management (Berkes and Folke 2002). That theory suggests several strategies to avoid shifts in systems by maintaining natural disturbances at smaller scales through intentionally using fire, creating clearings and other kinds of fire breaks, and encouraging patchy landscape. To be more consistent with such thinking, post-fire restoration can move beyond immediate emergency treatments and time-sensitive matters of “salvage” of wood products in severely burned areas, toward reducing the impacts of future burns through promoting heterogeneous vegetation and fuel conditions across the landscape. Many areas that have not yet burned severely are still afflicted by high densities of live trees and heavy accumulations of fuels, including more pieces of small, downed wood than occurred historically (Knapp 2015; Knapp et al. 2013).


26. Title: Severe fire weather and intensive forest management increase fire severity in a multi-ownership landscape. 
Authors: HAROLD S. J. ZALD and CHRISTOPHER J. DUNN
Publication: Ecological Applications               Date: 2018
Link: https://lpfw.org/wp-content/uploads/2018/01/2018_Zald-and-Dunn_Fire-weather-and-intensive-management-drive-fire-severity.pdf


Key Finding: Our findings suggest intensive plantation forestry characterized by young forests and spatially homogenized fuels, rather than pre-fire biomass, were significant drivers of wildfire severity. This has implications for perceptions of wildfire risk, shared fire management responsibilities, and developing fire resilience for multiple objectives in multi-owner landscapes.

27. Title: Proportion of forest area burned at high‑severity increases with increasing forest cover and connectivity in western US watershed.
Authors: Emily J. Francis · Pariya Pourmohammadi · Zachary L. Steel · Brandon M. Collins · Matthew D. Hurteau.
Publication: Landscape Ecology       Date: 2023
Link: Proportion of forest area burned at high‑severity increases with increasing forest cover and connectivity in western US watersheds (usda.gov)

Key Finding: Quantifying how fuel conditions influence high-severity area is important for managing risks of large high-severity fires and understanding how they are changing with climate change. Fuel availability and heterogeneity influence high-severity fire probability, but heterogeneity is insensitive to some aspects of forest connectivity that are important to potential high-severity fire transmission and thus high-severity area.

Results: High-severity burn area increased with increasing fuel availability and connectivity and decreased with increasing heterogeneity. In 2020, multiple large high-severity burn areas occurred in forests with high fuel availability, which only had small high-severity burn areas prior to 2020. 

Conclusions: In forests with an annual fire season, management to limit forest connectivity and fuel accumulation and increase heterogeneity could mitigate the potential for large high-severity fires. In forests where climate usually limits fire, large high-severity fires may occur more frequently if climate change increases the frequency of years with inadequate climate barriers to wildfire. 


28. Title: Mitigating drought mortality by incorporating topography into variable forest thinning strategies
Authors: Anooja Thomas, Thomas Kolb, Joel A Biederman, Martin D Venturas, Qin Mai Yang, Sabina Dore and Xiaonan Tai.
Publication: Environmental Research Letters          Date: 2024
Link: https://iopscience.iop.org/article/10.1088/1748-9326/ad29aa

Key Findings: Drought-induced productivity reductions and tree mortality have been increasing in recent decades in forests around the globe. Developing adaptation strategies hinges on an adequate understanding of the mechanisms governing the drought vulnerability of forest stands. Prescribed reduction in stand density has been used as a management tool to reduce water stress and wildfire risk, but the processes that modulate fine-scale variations in plant water supply and water demand are largely missing in ecosystem models. We used an ecohydrological model that couples plant hydraulics with groundwater hydrology to examine how within-stand variations in tree spatial arrangements and topography might mitigate forest vulnerability to drought at individual-tree and stand scales. Our results demonstrated thinning generally ameliorated plant hydraulic stress and improved carbon and water fluxes of the remaining trees, although the effectiveness varied by climate and topography. Variable thinning that adjusted thinning intensity based on topography-mediated water availability achieved higher stand productivity and lower mortality risk, compared to evenly-spaced thinning at comparable intensities. The results from numerical experiments provided mechanistic evidence that topography mediates the effectiveness of thinning and highlighted the need for an explicit consideration of within-stand heterogeneity in trees and abiotic environments when designing forest thinning to mitigate drought impacts.



29. Title: Spatially explicit measurements of forest structure and fire behavior following restoration treatments in dry forests.
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Publication: Forest Ecology and Management         Date: 2016
Link: https://www.sciencedirect.com/science/article/abs/pii/S0378112716311598?via%3Dihub

Key Findings: Restoration treatments in dry forests of the western US often attempt silvicultural practices to restore the historical characteristics of forest structure and fire behavior. However, it is suggested that a reliance on non-spatial metrics of forest stand structure, along with the use of wildland fire behavior models that lack the ability to handle complex structures, may lead to uncharacteristically homogeneous rather than heterogeneous forest structures following restoration. In our study, we used spatially explicit forest inventory data and a physics-based fire behavior model to investigate the effects of restoration driven, variable retention harvests on structural complexity, both of horizontal and vertical dimensions, and potential fire behavior. Structural complexity was assessed at stand and patch scales using a combination of point pattern analyses, a patch detection algorithm, and nearest-neighbor and tree patch indices of height variation. The potential fire behavior before and after treatment was simulated across a range of open wind speeds using a 3-D physics-based fire behavior model, the Wildland-urban interface Fire Dynamics Simulator (WFDS). Our results show that treatments resulted in an aggregated spatial pattern of trees consisting of a matrix of individual trees, clumps and openings similar to descriptions of historical dry forests. Treatments had inconsistent effects on vertical complexity across sites likely due to differences in treatment of ladder fuels; lack of reference conditions hinder evaluation of this structural aspect. Simulation modeling using WFDS suggests that treatments moderated fire rate of spread, fireline intensity and canopy consumption across all wind speeds tested and shifted potential fire behavior towards historical ranges. Our findings suggest that current restoration-based variable retention harvests can simultaneously fulfill objectives of altering structural complexity and of reducing fire behavior, though we recommend further research on desired ranges of vertical complexity to inform treatment design.

30. Title: Pyric tree spatial patterning interactions in historical and contemporary mixed conifer forests, California, USA
Authors: Justin P. Ziegler | Chad M. Hoffman | Brandon M. Collins | Eric E. Knapp | William (Ruddy) Mell
Publication: Ecology and Evolution                     Date: 2020
Link: https://www.fs.usda.gov/research/treesearch/61861

Key Findings: Tree spatial patterns in dry coniferous forests of the western United States, and analogous ecosystems globally, were historically aggregated, comprising a mixture of single trees and groups of trees. Modern forests, in contrast, are generally more homogeneous and overstocked than their historical counterparts.  

Tree mortality in the historical period was clustered and density-dependent, because trees were aggregated and segregated by tree size before fire. Thus, fires maintained an aggregated distribution of tree groups. Tree mortality in the contemporary period was widespread, except for dispersed large trees, because most trees were a part of large, interconnected tree groups. Thus, postfire tree patterns were more uniform and devoid of moderately sized tree groups. Postfire tree patterns in the historical period, unlike the contemporary period, were within the historical range of variability identified for the western United States. This divergence suggests that decades of forest dynamics without significant disturbances have altered the historical means of pyric pattern formation. Our results suggest that ecological silvicultural treatments, such as forest restoration thinnings, which emulate qualities of historical forests may facilitate the reintroduction of fire as a means to reinforce forest structural heterogeneity.


31. Title: Variable thinning and prescribed fire influence tree mortality and growth during and after a severe drought
Authors: Eric E. Knapp, Alexis A. Bernalb, Jeffrey M. Kane, Christopher J. Fettig, Malcolm P. North.
Publication: Forest Ecology and Management           Date: 2021
Link: Variable thinning and prescribed fire influence tree mortality and growth during and after a severe drought | US Forest Service Research and Development (usda.gov)

Key Findings: California’s high density, fire-excluded forests experienced an extreme drought accompanied by warmer than normal temperatures from 2012 to 2015, resulting in the deaths of millions of trees. We examined tree mortality and growth of mixed-conifer stands that had been experimentally treated between 2011 and 2013 with two different thinning treatments, one with more structural variability (HighV) and one with less structural variability (LowV), applied alone or in combination with prescribed burning. 

Tree mortality between 2014 and 2018 varied by species ranging from 42% of white fir (Abies concolor) to 18% of sugar pine (Pinus lambertiana), 12% of incense cedar (Calocedrus decurrens) and 10% of yellow pine (P. ponderosa and P. jeffreyi). Lower overall tree mortality rates at this location relative to drier locations in the southern Sierra Nevada suggested that drought effects may have been ameliorated by lower water deficits due to our site’s more northerly location and deep, productive soils in combination with reductions in tree competition following thinning and burning. Averaged across burn treatments, thinning reduced the overall mortality rate between 2014 and 2018 from 34% to 11%. A total of 23% of the basal area was lost in the unthinned control treatments during this time period, while basal area was unchanged in the thinned treatments, with growth offsetting mortality. There was no significant difference in mortality or basal area change between LowV and HighV, suggesting that leaving trees at variable spacing may not compromise growth or resilience of the stand during a drought. Overall tree mortality was greater in the prescribed burn treatments, most pronounced in the smaller tree size classes, and varied by species, with burning having a significant effect on incense cedar and all pines, but not white fir. Trees with greater competition (Hegyi index) were more likely to die, particularly when also burned. Burning, however, consumed surface fuels and lowered fire hazard. With predictions of warmer droughts and greater weather variability, reducing forest density (basal area) and keeping surface fuel loads low will be important for building greater resilience to future drought stress and wildfire.
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