
Appendix 3 – Further Information for NRV Restoration 
Using NRV Information in Appendices 
Each NRV value summarized in Appendix 1 and below generally includes a range from a low 
number to a high number. These ranges are the product of several factors, including different 
scientific studies yielding different results based on different methods; and study areas at varied 
latitudes, elevations, aspects, stages of ecological succession, and topographic positions yielding 
different results based on different climates, ecological, and biophysical characteristics.  In 
applying NRV values to develop management objectives, one should consider which values, or 
subset of values, within the range are the most logical for the area being managed, while 
recognizing particular site characteristics (e.g., topographic position, soil type, elevation, aspect, 
and vegetation type), and the dynamics of natural disturbance regimes (e.g., fire, insects, disease, 
drought, windthrow, landslides, etc.).  For example, if managing a low-productivity, dry site, 
high on a south-facing slope that would naturally have frequent, low-intensity fires, it may be 
most appropriate to manage toward the low end of an NRV range on tree density.  In contrast, if 
managing a high-productivity, mesic site in a valley bottom with less frequent fires, it may be 
most appropriate to manage toward the higher end of an NRV range on tree density.  
Additionally, NRV information provided in Appendix 1 and below should be supplemented by 
any new research or local science-based information that provides more site specific information 
on historic or potential future conditions. 

Quantitative NRV values, while helpful, will not always provide all the information needed to 
make NRV-based decisions.  In some instances, NRV values may not be well understood for key 
attributes.  In other instances, NRV values may not be applicable to the specific area for which 
one is making a decision, given current constraints or conditions.  Therefore, when NRV values 
are not available or are not applicable to the particular area, judgment, based on ecological 
principles, will need to be used to estimate what the historic range of conditions for that land 
would have been and what future conditions may look like.  Exploration of Appendix 1 and 
some of the key pieces of scientific literature from which it draws (e.g., Safford and Stevens in 
review), as well as Chapter 5 of the CSO Conservation Assessment, may augment understanding 
of the physical characteristics and disturbance regimes associated with pre-settlement forests to 
help inform management decisions made in the absence of robust NRV values. 

As described in Chapter 4, NRV values are generally derived from an era of relatively cool, 
moist conditions and as climate change moves Sierra Nevada forests into unprecedented 
conditions, NRV should be seen as a necessary waypoint on the path to long-term resiliency. 
NRV should not be seen as a target endpoint, given projections of future conditions, but will 
instead provide a foundation for future movement towards FRV. 

Given the scientific uncertainty surrounding NRV values at different spatial scales and the wide 
variability of forest conditions across the CSO’s range in the Sierra Nevada, the 



recommendations below should be read as a set of benchmarks and guidelines to inform 
management; they should not be read as a strict set of rules to be applied identically in all 
situations.  Furthermore, only a fraction of forest characteristics and NRV values are highlighted 
here.  This is intended to focus on those values that are most important to ecosystem restoration, 
particularly from the perspective of retaining and promoting owl habitat.  When designing forest 
restoration and resilience treatments based on NRV, forest managers are encouraged to draw 
from many other sources. 

B1 Seral-stage, Canopy-cover, and Vegetation Pattern  
Table 1: Seral Stage proportions at the landscape scale (watershed and sub-watershed scales: 
10,000-250,000 acres) and mid-scale (hundreds to thousands of acres): 

Proportion of the 
landscape1 

Early Seral Open Canopy 
mid-seral 

Closed Canopy 
mid-seral2 

Open-canopy 
late-seral 

Closed canopy 
late seral 

YPMC 5-15% 15-30% 5-15% 25-45% 5-20% 

 

Table 2. Individual, Clump, and Opening (ICO) patterns at the mid (hundreds to thousands of 
acres) and stand (tens of acres) scales 

 Openings Clumps of trees Individual 
trees  

ICO 
traits 

size Frequency 
(average) 

Proportion 
of stand 

shape Size (# trees) Proportion 
of stand 

Proportion of 
stand 

YPM
C 

0.007-2.9 ac; 

majority < 0.25 
ac 

1-3 
gaps/ac 
(average 
2-2.5)  

20-50% 
(average 
35%) 

irregular 
(e.g. 
sinuous) 

Small (2-4), 
medium (5-9), 
large (>10) 

40-70% 5-10% 
(largely pine 
and oak spp) 

 

B2 Large Tree and Snag Conservation and Recruitment 
2.1 Patterns of large, very large and old trees and snags, vary within a range (Table 3; Collins et 

al. 2015; Stephens et al. 2015; Meyer 2013, North et al. 2009; Agee 2002; Safford and 
Stevens 2015; Stephens 2004, Stephens et al. 2007, Dunbar-Irwin and Safford in review).  
Averages are presented here, but a wide range should be anticipated. 

                                                 
1 Using the LANDFIRE BpS model approach, this is typically +/- 33% of the reference value (e.g., for 15% range is 10-
20%).  Early seral is dominated by herbs, shrubs, tree regeneration, and small trees (<5 inch dbh) mostly under 30 
feet in height.  Mid-seral is comprised of pole to medium-sized conifers (9-21 inch dbh) generally 30 to 80 feet in 
height.  Late-seral is dominated by an overstory of large and very large trees (>33-40 inch dbh), sometimes multi-
aged, and often exceeding 100 feet in height. 
2 Closed canopy conditions, as defined in these models, range from 50%-100% canopy cover (40%-100% for YP). 



Table 3: NRV ranges of distribution of large, very large, and old trees and snags 

 Large 
trees/ac1 

 

Very large 
trees/ac2 

Snags/ 
acre3 

Average 
(median) 
tree size 

Average 
snag 
size 

YPMC 3-30 1.5-8 1.6-5 > 22 (27) 
inches 

30 in 
dbh 

1 Values should be averaged at the mid-scale; “large” is defined here as >24” dbh in YPMC. 
2 Values should be averaged at the mid-scale; “very large” is defined here as > 36” dbh for YPMC.  
3 Snag distribution and abundance should be highly variable and averaged at the mid-scale; snags are defined here as 
>6 in dbh (15 cm). Large snags have elsewhere been defined as >15 in dbh and >20’ in height (Verner et al. 1992), 
but here emphasis is placed on those snags resulting from large (> 24” dbh) and very large (>36” dbh) tree mortality.  
 
2.2 Exceptions to the recommendation to retain all conifers greater than 35” dbh are rare, 

apply only to trees outside of PACs and up to 45”dbh, and should be based on NRV 
restoration objectives. NRV based examples include, but are not limited to: 

a. In low to mid elevation pine-dominated mixed conifer forests where the removal of 
shade tolerant tree greater than 35 inches dbh is necessary to promote the growth, 
vigor, and development of shade intolerant species of approximately equal or 
larger size to more effectively meet species composition and forest structure 
restoration goals.  Treatments should ensure the large tree component and the 
tree species diversity are maintained in the stand with desired species into the 
future (Hessburg et al. 2016).   

b. When using natural regeneration to meet ecological restoration goals in pine-
dominated forest types, removal of select shade-tolerant trees greater than 35 
inches dbh to promote the establishment, growth, and development of a multi-
cohort stand (Zald et al. 2008, York et al. 2004).  This exception should not be 
invoked to remove all or most shade-tolerant trees in a stand that are greater than 
35 inches dbh to eliminate the shade-tolerant seed source.  Rather, it should be 
used to provide naturally-regenerating shade-intolerant tree species with a 
reasonable chance to establish and grow within portions of the stand (e.g., 
irregular-shaped, small canopy gaps within NRV). 

c. Removal of trees greater than 35 inches dbh surrounding identified rust resistant 
white pine to improve the growth and vigor of these trees and maintain this 
valuable genetic resource on the landscape (Hessburg et al. 2016). 

d. Removal of conifers > 35” dbh may be prescribed under aspen, oak, or meadow 
restoration treatments. 

B3 Stand Density  
 In the Yellow Pine/Mixed Conifer zone, historic tree densities likely ranged from 60 to 328 
overstory trees per hectare (24 – 132 trees/ac), with an average of 159 trees per hectare 
(64 trees/ac; averaged at the mid-scale), (Safford and Stevens in review).  In determining 
appropriate proportions of areas within these ranges, it may be appropriate to move 



toward the low end of the ranges on drier sites and in later seral stages, and toward the 
high end of the ranges on more mesic sites and in earlier seral stages.  The lowest tree 
densities would occur in open canopy, late seral stands on low-productivity, dry sites; the 
highest densities would occur in closed canopy, early and mid-seral stands on high-
productivity, mesic sites. 
 Stand Density Index can be used as a tool to aid in NRV-based stand density management, 
as guided by local objectives and conditions. A brief list examples are provided below: 

a. In stands managed for mid- and late-seral, closed-canopy conditions, maintain stand 
densities between the lower and upper limit of full site occupancy – approximately 35-
60% of maximum Stand Density Index (SDI) -- to maintain stand vigor and avoid 
extensive density-induced mortality (Long et al. 2004, Long and Shaw 2012, Lehmkuhl 
et al 2015). Additionally, in such stands, consider radial thinning of subdominant trees 
around desired legacy trees or clumps of legacy trees, as part of an overall ICO 
approach, to reduce drought-stress and improve resilience.    

b. In stands managed for mid- and late-seral, open-canopy conditions, reduce stand 
densities to the lower limit of full site occupancy or below – approximately 35% or less 
of maximum SDI -- to promote the development of large diameter trees with full, open-
grown crowns (Long et al. 2004, Long and Shaw 2012, Lehmkuhl et al 2015). Include 
fine scale gaps for seedling establishment and fuel discontinuity to produce the full 
range of size/age classes expected in a dynamic restored forest. 

c. Ensure that maximum SDI values (which vary by species), tree density, and other stand 
values are selected based on desired and historical species compositions, rather than 
current species composition, especially on highly departed sites. 

B4 Tree Species Composition  
4.1 At the landscape scale, mixed conifer/yellow pine habitat shows approximately 60% of the 

trees to be in shade-intolerant species and 40% to be in shade-tolerant species. 

B5 Understory  
5.1 At the mid and stand scales, mixed conifer-yellow pine habitat would likely exhibit 10-30% 

shrub cover (North et al. 2002, North et al. 2009, North and Sherlock 2012, Meyer 2013, 
Knapp et al. 2013).   

5.2 The distribution and volume of duff, litter, and woody debris under NRV is difficult to 
determine, but it is widely agreed that due to fire-suppression the current abundance and 
continuity of duff and litter is far above NRV.  Some benchmarks and ranges are included 
below (Brown et al. 2003):   
a. relatively low levels of surface fuels (1-1000 hr fuels), averaging 16.1 Mg/ha (largely 

occurring in 1000 hr fuels) 
b. relatively low but highly-variable levels of coarse woody debris, averaging 18 logs/ac 

>12 cm diameter, 3-5 logs/acre >20 inches diameter, and totaling 10-15 tons/acre of 
coarse woody debris (averaged at the stand scale) 



c. Log density varies widely across the landscape, with some patches of high abundance 
on more mesic, higher productivity sites, and others with lower densities on drier, less 
productive sites. 

d. Reduced abundance and continuity of duff and litter, accounting for site conditions and 
the variability of natural disturbance regimes (e.g., duff, litter, and small woody debris 
levels are likely to be more abundant and continuous on more mesic, high-productivity 
sites).     

B6 Disturbance Regime  
6.1 When using prescribed fire and managed fire to provide for a mosaic of fire effects, the 

following approximate areas may be used as a guide:  
a. Approximately 10-30% of the area within a fire perimeter is unburned, 30-60% burned 

at low severity, 15-35% burned at moderate severity, and 1-10% burned at high 
severity (Mallek et al. 2013; Collins and Stephens 2012).   

b. High severity patches generally less than 10 ac (average 8.5 acres; Show and Kotok 
1924, Collins and Stephens 2010; North et al Assessment); with a maximum size of up 
to 250 acres.  High severity patch sizes that exceed approximately 100 acres likely 
have negative impacts of spotted owl habitat (Assessment chapter 3). 

6.2 In the Yellow Pine/Mixed Conifer zone, the mean fire return interval (FRI) under NRV is 
approximately 11-16 years, with a range of 5-80 years.   

6.3 When using Energy Release Components (ERC) to assess risks to owl habitat in the short 
and long term, ERC guidelines will be based on both current fuel characteristics and 
restoration needs.  For example, when fuels are largely restored, one may use ERC trends 
near the 20-year average to attain an appropriate mix of fire severities, considering the 
effects of warming climate. In areas that have not experienced fire over a long time period, 
one should consider using lower than average ERC values for restoration opportunities. 

6.4 For non-fire disturbances - see Fettig and Hilszczanski (2015) and Fettig (2016) for related 
information to expand 

B7 Post Disturbance Areas 
7.1 Restoration and resilience treatments after disturbance should generally be guided by the 

NRV values elsewhere in these documents.  The following additional information should 
also be considered: 
a. Fuel Treatments: 

i. Design treatments at the landscape scale to create conditions that facilitate the 
future use of prescribed fire and managed wildfire.  For example, use stand and mid-
scale mechanical treatments to establish spatial anchor points with low fuels levels to 
foster the use of prescribed and managed fire at the landscape level (North et al 
2015; Thompson et al 2007).  

ii. Large log retention should be consistent with NRV values. Fine fuel values should 
generally be less than 5 tons/acre. 

iii. When mechanical treatments are used to remove dead and dying trees, use methods 
that remove slash from the site (such as post-harvest piling, burning, or a 



combination of such treatments) to prevent short term increases in surface fuel 
loading (Johnson et al 2013). 

b. Retention of Snags: 
i. Individual snags and patches of snags should be retained in post-disturbance 

environments commensurate as guided by NRV values in Appendix 1 and this 
Appendix 

ii. Snags in the largest size classes (e.g. > 45”) should be retained, as these are essential 
features for many species of wildlife. Leaving a clump of snags/trees around these 
rare features may help protect them from wind. 

iii. Some patches experiencing complete tree mortality should be retained on the 
landscape, where the size, snag density, and condition of those patches fall within 
NRV for the particular disturbance causing the mortality. 

iv. Patches of severely burned forest should be retained within NRV values, such that 
those patches comprise less than 15% of the landscape, patch-sizes are generally 
small (0.25-10 acres) and less than 100 acres at the upper end, and snag densities are 
generally less than approximately 140 snags/ac.  Retention areas for severely burned 
stands should fall within topographic areas that are more likely to have experienced 
severe fire effects under NRV, such as upper portions of south-facing slopes (Collins 
and Stephens 2010). 

v. Patches of trees killed by bark beetles should be retained within NRV values, such 
that those patches generally comprise less than 15% of a subwatershed (Fettig 2012 
in GTR-237) and in small clumps (e.g. ~2-4 trees; Lyderson et al. 2013). 

c. Reforestation: 
i. At the stand level, when natural regeneration is not likely to provide the abundance, 

distribution, and species composition of seedlings within NRV (over XX time scale), 
consider engaging in active reforestation to move toward NRV based on site 
conditions and natural disturbance dynamics.   

ii. In the Yellow Pine/Mixed Conifer zone, design reforestation treatments based on 
historic species diversity and adjusting for climate change. Where appropriate, design 
treatments to establish shade-intolerant (drought and fire tolerant) species.  Include 
shade-tolerant species in areas where such species would likely occur under a natural 
disturbance regime (e.g., mesic sites in valley bottoms). 

iii. Plant seedlings at densities and spatial configurations that are consistent with a 
natural disturbance regime, and which will be resilient under a warming climate (e.g., 
selection of favorable sites based on soils, topography, and projected changes in 
climate and climate water deficit).  Design reforestation treatments that result in 
future stands with heterogeneous structure and appropriate densities for NRV. 
Provide for developing stand conditions that allow for minimizing the period that 
plantation trees are at risk from substantial mortality from moderate fire by 
providing for low fuel conditions, minimal competition and early reintroduction of 
low intensity fire (Skinner and Weatherspoon, 1996, York et al. 2014). Use fire to 
maintain low fuel conditions as stands develop (York et al. 2014).    



iv. Where sugar pine would have been present under NRV or are likely to be present 
under FRV, plant a mixture of seedling genotypes, including blister-rust-resistant 
individuals. 
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