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Review of Schedule L-1 (Forest Practices Board 2002) Appendix of Washington
State’s Forest Practices Habitat C3onservation Plan for Riparian Areas

August 3, 2025

Executive Summary

We reviewed the existing Schedule L-1 targets (Forest Practices Board 2002) for riparian areas
and provide some revised targets and clarification of some of the language. In particular, we
address the shade, riparian condition, large wood, and litterfall targets. We propose
standardizing shade targets to focus on riparian canopy cover. We added an objective to account
for current riparian condition based on the US Department of Agriculture’s Proper Functioning
Condition. This latter metric was to ensure riparian areas are effectively protected during their
trajectory to Desired Future Condition (DFC). We altered litterfall targets to match canopy cover
targets. The large wood targets were revised based on a state-wide survey and recommendations
provided accordingly. Large wood targets for eastern Washington were added, and a provisional
large wood target suggested for Douglas-fir — Ponderosa Pine forests. Finally, we suggest
potential interim targets for DFC that will require additional research to define the metrics for
performance targets.

Introduction

Measurable targets are key to evaluating the effectiveness and efficacy of any process. In the
case of forest management, and in particular the Forest Practices Habitat Conservation Plan
(FPHCP) for timberlands in Washington State, targets set by the Washington Forest Practices
Board (WFPB) are intended to provide high certainty that resource values are being protected
under various land uses (Villard and Jonsson 2009, Beechie et al. 2021, Kuglerova et al.
2024).These non-federal, non-tribal lands regulated by the HCP, shown in Figure 1, contain all of
the private lands (green) and some state lands (excluding trustlands owned by DNR). FPHCP has
set out measurable targets that are due for reassessment and possible revision (Forest Practices
Board 2002). This document provides a reassessment, along with recommendations for revision
of the specifications of the targets and possible expansion of one target (riparian condition), in
particular.
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Fig 1: Washington State Forest Practice Rules and Schedule L-1 Performance Targets are broken down
into western Washington (west of the Cascade Crest) and eastern Washington (east of the Cascade Crest).
The purview for Schedule L-1 is private lands managed under the Forest Practices Habitat Conservation
Plan, shown here in green. This category represents 43% of the total forest land in Washington State
(approximately 9.1 million acres). This map indicates all major timberlands (Atterbury Consultants 2023),
an additional mask for urban areas (layer provided internally within DNR), and an east/west dividing line
(black). The Columbia Basin is excluded from this map because it is primarily agricultural or prairie land
use and contains minimal timber acreage.

Purpose

In the Schedule L-1 performance targets (Forest Practices Board 2002), four criteria were
considered for riparian-associated features. Those were targets for (1) shade, (2) desired future
condition (DFC), (3) litterfall (organic materials derived from riparian zones), and (4) instream
large wood (LW) (Note that we use LW in preference to Large Woody Debris [LWD] throughout).
In this document we consider the current (Forest Practices Board 2002) performance targets
designed to meet resource objectives (Table 1), and to refine the targets, where warranted,
based on research since 2002 (and prior). Moreover, we have deliberated on whether new
performance targets should be considered to meet functional objectives and/or assess overall
performance goals.

We review the targets in order (Table 1), providing a short synthesis of recent research relevant
to each target. From those syntheses we address suggestions for revisions. We have kept our
recommendations distinct for purely editorial revisions that serve to clarify aspects of the original
target statements, and a separate section for our suggested changes to the specifics of the
targets. We recommend adding to the Riparian Condition target to represent the current
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condition of the riparian zone, which could ensure that resource values of biodiversity, ecosystem
functions, and ecosystem services of riparian areas are maintained during the period of the
trajectory towards Desired Future Condition (DFC).

Table 1. Summary of current (2002) Schedule L-1 Performance Targets to meet riparian resource
objectives under two separate Functional Objectives.

Measure Performance Targets

Shade *Type F and S Streams, except Eastside bull trout habitat: that produced by shade model, or
if model not used, 85-90% of all effective shade.

Westside and eastside high elevation, Type N streams: shade available within 50’ for at least
50% of stream length

*Eastside: all available shade within 75’ of designated bull trout habitat per predictive

model.
Riparian *Westside and high elevation Eastside habitats: riparian stands are on pathways to meet
Condition Desired Future Condition (DFC) targets (species, basal area, trees per acre, growth,
mortality)

*Eastside (except high elevation): DFC; current stands on pathways to achieve Eastside
condition ranges for each habitat series.

Litterfall *Westside Type N° at least 50% of recruitment available from within 50’.
*Eastside Type N: at least 70% of recruitment available from within 50’

In-stream LWD Westside:

*Streams <20 m (or 65.6 ft) bankfull width: >2 pieces (total wood) per channel width
*Streams <10 m (or 32.8 ft) bankfull width: >0.3 key pieces per channel width
*Streams >10 m (or 32.8 ft) bankfull width: >0.50 key pieces per channel width
Eastside: (To be developed)

STargets for Westside and Eastside Type S and F streams are a low priority because adequate leaf litter is expected
to be a by-product of riparian stand conditions.

We formulated several general questions during our review, which remain in need of further
investigation. For instance, Bull Trout (Salvelinus confluentus) are a major motivation for targets
in eastern Washington, but this species is not mentioned for western Washington where they
also occur. We suggest that further consideration of whether targets for western Washington are
sufficient for protection of this species. Also, we noticed that Schedule L-1 does not acknowledge
vegetation gradients found within Eastern Washington. Where there was sufficient information,
we suggest possible targets tailored to Douglas-Fir and Ponderosa Pine forests.

SHADE:

Shade is an important feature of forested headwater ecosystems. The primary focus of shade in
the context of forest management is most often associated with its links to stream temperature
(Moore et al. 2005, Gomi et al. 2006, Janisch et al. 2012), which is a key regulatory metric in forest
management. While many things influence the stream heat budget, one of the primary factors
linked to increasing stream temperatures is the flux of shortwave radiation (i.e., direct solar
radiation in the ~300-2800 nanometer range; Wondzell et al. 2019). Therefore, factors that
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reduce direct solar radiation (i.e., shade) are an important influence on stream temperatures.
Barton et al. (1985) showed that 77% of the variation in weekly maximum stream temperatures
was determined by the length of the shaded portion upstream, up to a limit of about 1 km.
Further, heat budget modeling studies suggest that riparian shade exerts such a strong control
on stream temperature that restoring full shade could result in future streams that are similar to
or even colder than today, even under a warmer climate with substantially lower late-summer
streamflow (Seixas et al. 2018, Wondzell et al. 2019). Arismendi and Groom (2019) also linked
changes in canopy cover to stream shading but noted that there is a range of conditions and
responses with some systems carrying heat loads downstream while others recovered relatively
quickly. They found that the time it took for temperature to recover to pre-harvest levels also
varied and was often linked to shade recovery (Arismendi and Groom 2019).

Given concerns and regulations related to stream temperatures and the role of direct sunlight in
influencing warming rates in many forested streams, there is considerable interest in how
riparian regulations account for the role of riparian vegetation in shading streams and therefore
reducing rates of stream warming (e.g., Moore et al. 2005, Gomi et al. 2006, Janisch et al. 2012).
DeWalle (2010) found that 85-90% of predicted shade on Ns (streams that do not have surface
flow during at least some portion of the year, and do not meet the physical criteria of a Type F
[fish] stream) streams is retained using 18-20 m buffers. In two studies assessing full-retention
buffers of at least 15 m it was shown that streams experienced only modest stream temperature
increases, although transferability of these results may be confounded by low summer flows,
landscape position and contrasting channel substrates (Johnson 2004, Janisch et al. 2012).

In developing recommendations for the state of Washington in setting and evaluating shade from
riparian buffers, we address four key questions for consideration:

1. What are the current methods used to quantify and regulate shade on private lands?

2. What are the metrics that managers and researchers in the broader community have used
to quantify stream shade or canopy cover and how will those change in the future? In
particular, how do site-based estimates compare to emerging remotely sensed
estimates?

3. What is a reasonable shade retention focus in the context of forest management? No
change from previous levels or maintaining a target threshold level?

4. Beyond temperature, what is the value of “shade” as a regulatory metric in the context
of riparian buffers?

1. What are the current methods used to evaluate shade on private lands and how does this
relate to the current targets?

The current wording for Schedule L-1 indicates that a “shade model (i.e. temperature nomograph
method) is applied to limit Inner Zone harvest on Type F and S streams outside of the Bull Trout
overlay (a DNR geospatial layer indicating Bull Trout habitat). Type Np streams (streams that have
flow year-round and may have spatially intermittent dry reaches downstream of perennial flow,
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and do not meet the physical criteria of a Type F stream) on the eastside and westside are subject
to different buffers that are fixed in width, and do not vary with temperature class. Type F
streams (streams and waterbodies are known to be used by fish, or meet the physical criteria to
be potentially used by fish) may or may not have flowing water all year (they may be perennial
or seasonal) that fall within the Bull Trout overlay receive additional protections, but only on the
eastside, where these populations are most at risk to rising temperatures.

The temperature nomograph method limits Inner Zone harvest on Type F and S streams outside
of the bull trout overlay (Fig 1.1 in the Forest Practices Board Manual Section 01, geospatial layer:
fp _fpamt min required shade.pdf). These four nomographs define linear relationships
between elevation and temperature class and were developed to implement canopy cover
thresholds tailored to site criteria. The accuracy of the nomographs was last evaluated in 2005 in
the Eastern Washington Nomograph Project Report (Glass 2005).

The nomographs consist of two primary temperature classes, 16°C and 18°C, which represent the
7-day average maximum temperature criteria for salmonid summer habitat (16°C) and rearing
habitat (18°C). Canopy cover requirements under this system vary by temperature class,
elevation, and geographic region (east vs. west). Generally, west-side sites within the lower
temperature class (16°C) and at higher elevations are subject to more stringent canopy cover
requirements. Under the temperature nomograph protocol, percent canopy cover is measured
using spherical densiometers, which are then compared within each nomograph to evaluate
thresholds for acceptable shade.

Schedule L-1 currently references both “canopy cover” and “effective shade” interchangeably,
which introduces ambiguity. While clearly related, these terms are not equivalent: canopy cover
refers to the percentage of sky obscured by vegetation, while effective shade refers to the net
reduction of solar radiation (longwave and shortwave) reaching the stream surface, typically
expressed in watts/m?/day (or sometimes as % of full sun). Since true shade measurements are
difficult to obtain at scale and are not often measured even within CMER studies, we suggest that
using a single, consistently measured metric — specifically percent canopy cover - would be more
practical and enforceable. Future and ongoing CMER studies can provide empirical linkages
between canopy cover and effective shade, but until such relationships are well established,
Schedule L-1 would likely benefit from avoiding potential conflation of the two terms.

2. What are the metrics that managers and researchers in the broader community have used
to quantify stream shade or canopy cover and how will those change in the future? In
particular, how do site-based estimates compare to emerging remotely sensed estimates?

Canopy cover as a proxy for shade in the context of stream research and forest management has
most often been quantified in the past using a densiometer (Kaylor et al. 2017). As noted above,
the densiometer is not a direct measure of shade but instead assumes that canopy cover provides
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a proxy measure of shortwave radiation interference (Russavage et al. 2021). Densiometers have
been widely used due to their light weight (easy to carry into remote field locations) and their
ease of use (Paletto and Tosi 2009, Seidel et al. 2011, Kaylor et al. 2017, Russavage et al. 2021).
Although they have been used most widely and can yield cover estimates that align with other
methods (Paletto and Tosi 2009, Seidel et al. 2011), densiometers are subject to potential
variability and error — often attributed to variability across users (Cook et al. 1995). A more
reliable and consistent measure of canopy cover that has also been widely used in forested
streams is hemispheric photography (Seidel et al. 2011).

Hemispheric photographs (hereafter “hemi-photos”) are generally recognized as capturing
canopy cover and topographic shading (shade from hills and banks rather than just the forest
canopy), which is potentially accounted for, but not generally thought to be as well-represented
in densiometer metrics. Hemi-photos also improve on the densiometer method by removing the
subjective differences due to observer error (i.e. from viewing a mirror in the field). Using a
program such as Hemisfer or hemiView the hemi-photos can be binarized and converted to
percent cover, as well as an “effective shade” metric which is more explicitly focused on
guantifying shortwave radiation (300 nm-2800 nm) interception by both canopy and topography
(Fournier and Hall 2017). Further, if the camera location can be geo-referenced, these programs
can then account for sun angle throughout the year and estimate from that effective shade across
different seasons. In general, hemi-photos and associated effective shade estimates are often
considered the most accurate point measures of shade (Fournier and Hall 2017). However, the
quality of hemi-photos and their ability to capture shading can be influenced by direct sunlight
during the picture (which can create patches of light in the image where there is in-fact cover).
Therefore, to generate the most accurate shade estimate, it is recommended that hemi-photos
be taken early or late in the day or on cloudy days. Although hemi-photos are generally
considered an effective tool to quantify shade, given the time and equipment needed to take and
process the photos, broad application of this method is limited and densiometer measurements
continue to predominate many in situ stream canopy cover assessments.

The other main way that researchers have quantified stream shade on site is by measuring light
fluxes directly. The two dominant measurements collected in this context are measurements of
photon fluxes and measurements of light intensity (lux) — related, but not directly equivalent
metrics. Measurements of light fluxes are most commonly collected with data loggers that are
deployed for at least 24 hours in summer to capture a full day’s light exposure during the leaf-on
period. The most common photon flux measurement is photosynthetically active radiation (PAR),
which is a subset of shortwave radiation (400 -700 nm), however the full range of all shortwave
radiation (300 nm- 2800 nm) is important for thermal dynamics. Pyranometers measure
shortwave radiation and hemi-photo software outputs can model estimates of shortwave
radiation to allow for an accurate comparison among the two methods. While PAR is commonly
used in vegetation studies due to its link to photosynthesis and thus there are often more PAR
loggers available for use, it may be less appropriate as a standalone metric for shade, since it
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excludes the infrared radiation that contributes to heating. While light flux and lux measurements
provide real-time assessments of the light environment, they are subject to variability with cloud
cover and so generally multiple days are needed to capture accurate assessments. In the context
of WA forest regulations, the focus has been on cover rather than direct light because it is
generally easier to measure in a single visit and it is not subject to large amounts of variation
associated with differences in weather conditions during the measurement itself.

As LiDAR and other remotely sensed measures of forest cover have become more common and
less-expensive, there has been increasing interest and study around use of LiDAR to quantify
stream shade rather than the site-based measurements of cover above. Looking forward, these
remotely sensed metrics are likely to become increasingly common, which leads to questions
about how we cross-validate these emerging methods with established tools.

The increasing accessibility of accurate remotely sensed canopy cover measurements conducted
at a landscape scale has clear implications for quantification of stream shade in managed
landscapes. In particular, these data may have the potential to yield more accurate and scalable
guantification of stream shade or cover, as well as associated improvements to stream
temperature models. Over the past 15 years or so (2010-2025), a number of papers have been
published presenting different methods and tools for use of remotely sensed data in the
guantification of forest understory shade, which could be applied to streams in forested
landscapes (e.g., White et al. 2013, Richardson et al. 2019, Huylenbroeck et al. 2020). In ground-
truthing these metrics by comparing remotely sensed data to traditional methods, success has
been variable. For instance, Richardson et al. (2019) found general agreement between remotely
sensed cover estimates and those from ground-based images but the coefficient of variation (r?)
of simple regression between these methods ranged from 0.54 to 0.77 depending upon the
method used, the forest, and the local topography. Despite variable fits, Richardson et al. (2019)
highlighted the value of the remotely sensed estimates in applying cover estimates continually
along an entire river corridor, which is not as practical as using site-based measurements. In the
future, remotely sensed shade metrics will be an important component of forest management
compliance. But given the variability in remotely sensed shade estimates and the legacy of site-
based measurements, it will be important for any remote sensing method applied in the context
of restoration or management be vetted with a ground-truthed assessment/evaluation of
accuracy of the method for a given landscape and LiDAR flight timing relative to established site-
based metrics —ideally effective shade estimates from hemi-photos. We suggest that it may head
off future issues if the state of WA and forest industry can work together to identify one or a few
specific agreed upon methods/tools for generating LiDAR based canopy cover estimates in
application of riparian buffer regulations.

3. What is a reasonable shade retention focus in the context of forest management? No change
from previous levels or maintaining a target threshold level?
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As forest management removes trees, it also reduces shade, although the influence of a given
tree on shade will vary with the location of the tree, the species of the tree, and the timing of a
given shade measurement. Riparian buffers that exclude timber extraction provide the capacity
to retain stream shade and thereby its function in reducing stream warming. Considerations of
canopy cover retention often therefore focus on maintaining maximum shade. This can be
approached from two perspectives. First one can focus on the change in canopy cover or effective
shade from before to after the harvest. Alternatively, one can focus on maintaining a target
canopy cover or effective shade level after harvest, independent of the pre-harvest conditions.

Many headwater streams with riparian forests in the early and middle stages of stand
development have closed uniform canopies that have very high shade levels. Work by Warren et
al. (2013), and Kaylor et al. (2017) demonstrated that many headwater streams running through
late succession forests in western forests of Oregon, Washington, and British Columbia had
regular areas with lower mean canopy cover levels than streams running through early and mid-
succession forests (that were in the stem-exclusion phase of stand development). This highlights
a potential contrast in goals between maximizing shade to maintain cooler temperatures and a
desired future condition in which riparian forest structure and function in west-side forests are
more similar to late-succession conditions. If a stream has very high (e.g., >90%) shading or cover
along its entire length, it may ultimately shift naturally toward having more gaps and less overall
canopy cover as the stand develops. In the literature review by Kaylor et al. (2017), late
succession (“old growth”) stands had mean canopy openness of 18% (82% cover; with
considerable variation around this mean). However, when cover declines to 80% from >90%
there can be increases in temperature in western forest headwaters (Roon et al. 2021), leading
to trade-offs between allowing for variation in forest cover and structural variability versus
potential changes in stream temperature. However, cover is not the only metric to influence
temperature change. Swartz et al. (2020) found that stream size, rather than gap size best
explained variation in temperature responses to riparian gap treatments in an experiment in
western Oregon headwaters.

Ultimately, the degree to which regulators choose trade-offs between canopy cover levels or
changes and potential shifts in temperature is a policy decision that will be based on overall
program goals. But in the context of this review, we provide the suggestion that a focus on a
fundamental target is likely the most useful in considering stream function, rather than a
guantified change in cover. However, the pre-harvest conditions must also be taken into account
as do stream conditions (size, degree of hyporheic flow, etc.). Given that later succession forests
(moving toward desired future conditions), often have more gaps and canopy openness than
young single aged mid-successional forests (Warren et al. 2013, Kaylor et al. 2017), if a headwater
system on the west side has initial cover or effective shade values above the target, a focus on
ensuring that the post-harvest cover remains above the threshold may be more practical and
ecologically relevant (rather than focusing on zero change, which would require extensive
assessments before versus after harvest at those sites).



Riparian Group Recommendations — Shade, Riparian Cond., Litterfall, LW

As noted in the current rules, a place where greater weight may be placed on shade over
development of greater riparian forest stand structural complexity is in systems that support bull
trout. Bull trout are more thermally sensitive than other target salmonids and therefore may
warrant a greater focus on shade (Dunham and Chandler 2001, Selong et al. 2001). Recent studies
from post-fire work in Oregon have demonstrated that cutthroat trout can persist in cool
headwaters when temperatures increase as a result of the loss of all or nearly all canopy cover —
as long as temperatures remain below critical thresholds (Warren et al. 2022, Swartz and Warren
2023, Coble et al. 2023).

4. Beyond temperature, what is the value of “shade” as a regulatory metric in the context of
riparian buffers?

While most of the focus on stream shade is linked to its influence on temperature, shade
provided by riparian trees also reflects potential wood loading and potential riparian litter inputs.
Shade may therefore function as a useful integrated metric capturing some of these other
riparian reserve functions. These functions will not be directly related to shade though since litter
inputs and wood inputs can occur even when shade levels are lower. However, these additional
functions are critical and are addressed in the litter and LW loading sections below.

Future research and areas of uncertainty

While we provide a few specific target recommendations below (Table 2), a key finding from this
review is that there is considerable variation around the use, application and measurement of
“shade” in stream and riparian ecology, which can cause uncertainty in the context of forest
management regulations. We provide a section below to address recommendations or key points
that may need to be resolved going forward either through coordinated research efforts or
collective consensus among relevant stakeholders and managers.

Table 2. Proposed changes to first Functional Objective and Performance Targets for
“Heat/Water Temperature.” Here we use the term “canopy cover” to more specifically identify
the structural component that is measured. We note changes to targets in red text and clarity
edits in green text.

Heat/Water Temperature
Functional objective: Provide cool water by maintaining canopy cover, groundwater

temperature, flow, and other watershed processes controlling stream temperature.
Measure Performance Targets

Canopy cover *Type F and S Streams: maintain >85% canopy cover along the entire stream length (except
Eastside bull trout habitat where >90% canopy cover is desired).t
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*Type Np streams: Maintain at least 95% of pre-harvest canopy cover using 50’ buffers
along at least 50% of stream length (consistent with current rules; if rules are modified
percentage of stream length will change accordingly)

*Eastside: all available canopy cover within 75’ of designated bull trout habitat per
predictive model.

*Westside and Eastside type Ns: no target due to lack of regulatory buffers.

tNote that potential to meet this goal will be dependent upon pre-harvest levels — if pre-harvest canopy cover is
<85%, we recommend maintaining all available canopy cover.

RIPARIAN CONDITION

DESIRED FUTURE CONDITION (DFC) FOR RIPARIAN AREAS

A key premise underlying current targets for the westside and high elevation streams on the
eastside is the “Desired Future Conditions” paradigm. As a result of the legacies of early forest
management activities that were implemented with little to no stream protections and with early
active stream wood removal, river networks across much of the managed landscapes of
Washington (and Oregon, California, and British Columbia) have been simplified. This
simplification has led to stream-riparian corridors that are less diverse, less resilient, and have
lower total carrying capacity for key aquatic species than in the past (Schlosser 1991, Allan 2004,
Penaluna et al. 2018). With this in mind, there is an aspirational goal to set riparian areas on a
trajectory for a desired future condition that allows for increases in these functions (e.g.,
diversity, carrying capacities, flood resilience, energy retention, fish production etc.). In the initial
inception of this concept, there was a focus on target characteristics. The goals focused on
projected basal area of 325 square feet per acre at 140 years, which is based on the ORGANON
growth model (Hann et al. 1997). Beyond basal area, the performance target for Riparian
Condition also calls out species mix (diversity) and mortality (snags) in parentheses. Taken
together, these metrics are assumed to capture development of future riparian forests that have
more "old growth characteristics” reminiscent of classic late-succession forest systems.

There are multiple developmental trajectories for forests — upland and riparian. The Hann et al.
(1997) model as applied to DFC modeling was parameterized for western Washington with
options for western hemlock, Douglas-fir, or “hardwoods.” The model accounted for different
forest types and focused on trajectories toward structurally and functionally complex late-
succession stream-riparian corridor conditions, which have been lost. As we revisit the concept
of desired future conditions in this review, we recommend a focus on functionality, and to include
a broader suite of structural metric values (noted below). Assessing progress toward a set of
desired future conditions necessitates evaluation and assessment of characteristics (McConnell
), but it should be recognized that these are used as a proxy for what is ultimately a set of desired
future functions. There is also a need to recognize that the targets build in assumptions about
pathways and process. For example, the model was built for thinning simulations for upland
ecosystems, not riparian buffers that already have adjacent clearcut harvest. Therefore, we

10
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recommend caution in application of traditional thinning treatments to reach desired future
conditions in the riparian forest.

Overall, the desired future condition concept is valuable as it recognizes that riparian forests are
not static. Selecting targets and setting regulatory metrics that assume stationarity in a landscape
will be flawed in the long-term. Stand development is an ongoing process and as such, as we
consider future conditions, they are predicated upon the current conditions of a system.

A future goal beyond the scope of this review would be to develop targets for Desired Future
Condition that go beyond estimates of basal area. Given the overall aim is to accelerate the
development of old-growth features, it would be valuable to have other metrics such as those
associated with variation in tree heights and diameters that are hallmarks of maturing forests.

Considering westside forests, a survey of multiple Pacific Northwest Douglas-fir forests identified
mean values for a range of forest characteristics in stands from 190 to 328 years of age (Freund
et al. 2015). That study found that across these mature to old-growth forests, mean basal area
was 90 m? ha! (range 69-121 m? ha'l). Beyond basal area though, additional metrics included
stem densities, densities of large trees (>100 cm), mean DBH, and the standard deviation of DBH.
This also included dead wood metrics as both down and standing dead wood. Collectively these
metrics provide a broader picture of the forest, and while it may be impractical to consider all of
these metrics in desired future conditions, adding some of these to the potential targets may be
useful. However, it should be noted that riparian systems can differ from upland forests in
structure. In particular, in regard to the variation in stem densities and crown sizes. For example,
Van Pelt et al. (2006) found that the standard deviation of stem diameters increased continuously
through a range of stand ages from 3 to 330 years, and that basal area was maximized in stands
around 160 years of age. They noted that disturbances inherent in streamside forests may
increase these metrics in particular. These two papers provide useful data that can be used to
create additional targets for desired future conditions.

Desired future conditions take decades to develop, and not all sites will achieve the same future
structure. There are suggestions that selective thinning could promote accelerated development
of desired future conditions. The premise for thinning in buffers is that thinning in early stand
development combined with retention of larger trees could accelerate late-successional
attributes faster than if the forest was left on its own to self-thin through natural succession
(Busing and Garman 2002). However, with thinning there is a decline in shade, which could
impact goals for cover and temperature. Ongoing research exploring the ecological benefits and
tradeoffs of riparian zone thinning, such as comparing stands treated with DFC prescriptions to
those untreated, will help us understand whether these stands are progressing along a desirable
development trajectory

Table 3. Proposed changes to second Functional Objective and Performance Targets for

“LW/Organic Inputs”: Riparian Condition. Here we note recommended revisions for Desired
Future Condition of riparian areas. Changes to targets in red text, clarity edits in green text.

11
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Functional objective: Maintain and/or develop riparian conditions that provide complex habitats
for recruiting large wood and litter.

Measure Performance Targets
Riparian Stand *Westside and high elevation (>5000 ft) Eastside habitats: riparian stands are on pathways
Condition to meet Desired Future Condition (DFC) targets (as evidenced by species mix, basal

area, trees per acre, DBH variability, height variability, growth, mortality, age
distribution, and presence of snags)

*Eastside (<5000 ft): DFC; current stands on pathways to achieve Eastside stand condition
ranges for each Timber Habitat Type series (Ponderosa Pine, <2500 ft; Mixed Conifer,
2501 - 5000 ft)*

T Note that Timber Habitat Type Series are currently being re-evaluated as part of the ETHEP project

RIPARIAN CONDITION: PROPER FUNCTIONING CONDITION (new target)

In the current targets for riparian areas, the Desired Future Condition (DFC) target (species, basal
area, trees per acre, growth, mortality) is a valuable and innovative model to follow to attain the
aspirational targets for the future. However, in the short term, it is also important to ensure that
the current condition of the riparian forest is in a good state and maintains complex habitat.
Riparian areas provide unique habitats to a wide range of species and processes (Sabo et al. 2005,
Olson et al. 2007, Ramey and Richardson 2017). In part, this is supported by maintenance of a
unique microclimate not found elsewhere in the forest (Forest Ecosystem Management
Assessment Team (U.S.) 1993, Brosofske et al. 1997, Ramey and Richardson 2017, Oldén et al.
2019). Microclimates tend to be cooler and moister in the riparian zone in warm months,
providing specialized habitats for riparian-obligate or riparian-associated terrestrial and
amphibious organisms. Detailing the specific microclimate conditions or the biological diversity
and processes of a riparian area in good condition is beyond the scope of WA DNR’s program. If
specific values are needed, we recommend linking those to the conditions in regionally
comparable mature and late-succession forest streams. Riparian areas also provide important
ecosystem services, including flood mitigation, nutrient cycling, sediment interception and
storage, and primary production (Riis et al. 2020). In addition, riparian areas (buffers) provide for
the current and future supply of LW to the stream channel and that is another reason to ensure
the riparian zone is in proper functioning condition.

Here we propose using a modification of a well-established set of guidance formalized by the
USDA to inform a generalized assessment of current condition and function. The USDA
framework is referred to as Proper Functioning Condition for riparian area assessments (Hall et
al. 2018, Ghimire et al. 2025). It is based on a 17-point assessment (Table 4). However, not all of
these 17 points are relevant to forest management, and we propose a limited subset of these
criteria as one way to assess current riparian condition.

As the original metrics were intended for agricultural and urban landscapes, we have modified
the USDA’s list to provide a set of general characteristics that can indicate that the riparian area
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may or may not be in Proper Functioning Condition, such as evidence of erosion of banks,
vegetation that is showing sign of stress, etc. These metrics are a subset of the 17 used by USDA,
and some have been combined to avoid redundancy (Table 4 below).

Table 4. Proposed checklist of features to assess Current Riparian Condition, based on revision of
the USDA'’s Proper Functioning Condition protocol.

1. Where floodplains are present, current riparian conditions maintain floodplain-stream
connections to support lateral connectivity, floodplain wetlands and other riparian-
influenced floodplain processes.

2. Stream is in balance with the water and sediment that is being supplied by the drainage
basin (i.e., no excessive erosion or deposition within or from the riparian zone) and
influenced by the riparian zone. Sinuosity, gradient, and width/depth ratio are considered
appropriate to the landscape setting. Is the reach showing signs of excessive incisement
or downcutting (e.g., channelized)?

3. Riparian area has achieved potential extent (i.e., not being further narrowed by upslope
activities and edge effects) along the valley bottom or is expanding.

4. Stabilizing plant communities capable of withstanding moderately high streamflow
events and dissipating energy during high flows are present along the streambank.

5. There is appropriate plant diversity (species, age classes, herb/shrub/tree cover) of
stabilizing riparian vegetation for the site for recovery/maintenance. Species that are
present indicate maintenance of riparian soil-moisture characteristics and riparian plants
exhibit high vigor.

6. Riparian plant communities provide for an adequate source of large wood material for
maintenance and recovery.

7. Point bars are revegetating with stabilizing, native riparian plants.

8. Riparian forest is not dominated by invasive species.

These characteristics do not constitute specific quantitative targets. These are meant as a simple
checklist to alert monitors to conditions of the riparian zone that might indicate when “proper
functioning condition” might be compromised. Rather than a set of functional measures, which
would require extensive measurement, these are early warning signs to ensure that riparian
areas continue to provide for the biodiversity values, ecosystem services, and other ecosystem
functions that riparian areas are known to provide. Given the resource value of the riparian zone,
we recommend this checklist be added as subjective guidance for ensuring the objective of
maintaining resource values (Table 7).

Some of the characteristics in this checklist might be altered by natural disturbances.
Disturbances such as wildfire or windthrow still maintain sources of LW that will serve as future
instream LW and thus these areas should not be salvage logged. Riparian areas might also be
subject to ice damage (during ice storms), insect outbreaks, or debris flows, and again we
recommend no post-disturbance intervention that would reduce standing or downed wood
supply. Finally, there is growing evidence that maintenance of mixed species, including deciduous
species (e.g., red alder and black cottonwood), contribute to in-stream productivity and thus we
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encourage maintenance of the diversity of vegetation species in riparian areas that include
conifers and hardwoods (LeRoy and Marks 2006, Edmonds and Tuttle 2010, Pérez et al. 2021).

LITTERFALL

Many decades of research have demonstrated the dependence of small, forested streams on the
input of litter (organic matter, including leaves, seeds, flowers, branches, and invertebrates;
Vannote et al. 1980, Webster and Benfield 1986, Wallace et al. 1997). Another important
component of organic matter inputs is the Dissolved Organic Matter (DOM) produced by
decomposing material and carried to surface waters in groundwater and overland runoff. These
allochthonous inputs of organic matter have been calculated to represent >90% of energy used
to support productivity of food webs in small streams (Hynes 1963). These small streams
frequently have high amounts of shade, limiting the amount of primary productivity by in-stream
algal sources and increasing reliance on organic material (Vannote et al. 1980). There is evidence
of the importance of litterfall to the productivity of small streams and the abundance and
diversity of aquatic organisms that inhabit them (Fisher and Likens 1973, Wallace et al. 1999).

Experiments demonstrating how changes in litterfall control rates of instream productivity are
rare. Wallace et al. (1999) eliminated over 90% of litterfall to a small stream (compared to
reference sites and a BACI [before-after-control-impact] comparison) and showed an over 90%
reduction in productivity of the target stream. Experimental augmentation of leaf litter has also
demonstrated that productivity of small streams can be limited by the quantity of litterfall inputs
(Richardson 1991). A replicated BACI study of forestry buffers along small streams showed
clearcutting to the stream edge resulted in more than 85% reduction in litter inputs, but even 10
or 30 m buffers resulted in decreases in litter inputs, but only by about 20% compared to the
reference sites (Kiffney and Richardson 2010). Few studies have experimentally measured litter
input rates across different buffer and environmental situations; however, one recent study
examined distances traveled by litter as a result of different wind speeds, types of litter (e.g.
deciduous versus conifer needles), and slope angles (Bilby and Heffner 2016). In general, over
the conditions of wind and species tested, 14 to 25 m (or larger) buffer widths were needed to
sustain ~¥95% of litter inputs to streams (Bilby and Heffner 2016).

Forest canopy structure can interact with litter inputs to affect in-stream invertebrate diversity
and ecosystem processes like leaf litter decomposition. More open canopies increase light, which
can increase temperatures (see above shading section), and litter decay rates generally increase
with temperature (Follstad Shah et al. 2017). However, the response of decay rates to
temperature increases is highly variable and a global review of decay rate responses to
temperature found that the increases, while often present were generally well below what would
be expected by metabolic theory (Follstad Shah et al. 2017). This variation in decay rate
temperature sensitivity is illustrated in a study in open (clear-cut) and closed forest canopy
headwater streams, where open canopy sites had higher temperatures. Higher stream
temperatures subsequently negatively affected macroinvertebrate diversity and sediment
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reworking by invertebrates but not litter shredding or leaf decomposition (de Nadai-Monoury et
al. 2014). Additionally, forest canopy cover can accelerate in-stream organic matter processing
rates across seasons (summer and fall) and regardless of whether organic matter is
preconditioned on the forest floor or not (LeRoy et al. 2023). In this study, open canopy sites
resulted in significantly slower organic matter processing rates (LeRoy et al. 2023), which may
have consequences for higher trophic levels.

In Washington’s “hard rock” study, small watersheds were subject to 100% clearcut (0%
treatment), clearcut of 50% of the stream length with 50’ buffers (FP — current forest practices
treatment), or buffers of 50’ along the entire length of the stream (100% treatment), and all were
compared to reference sites in a BACI design (Mcintyre et al. 2018, 2021). The streams treated
with 100% buffers tended to have higher litter inputs and higher invertebrate exports
downstream compared to the FP and 0% treatments, although these were not always significant
(note the large site-to-site variation; Mcintyre et al. 2018).

While we know there is a monotonic relationship between longitudinal coverage of buffers and
litterfall, we do not know if this is approximately linear across the range of values. We also are
not certain of the effect of buffer widths, although Bilby and Heffner (2016) have provided
evidence that wind, vegetation, and terrain all influence litter inputs to streams. In addition,
increasing tree height increases litter transport distances, as does increasing leaf surface area,
with alder leaves traveling further than Douglas-fir needles (Bilby and Heffner 2016). Depending
on terrain, litter inputs can originate from roughly 20 meters away from the stream corridor in
gentle terrain, or up to 25 meters away in steep riparian zones (Bilby and Heffner 2016). There
remain uncertainties about site-specific variations, nevertheless, all the available literature
points to the importance of maintaining litterfall to Np streams to sustain their productivity and
biodiversity, as well as ensuring their energy contributions to downstream F streams.

Recommendations:

We recommend maintaining a diversity of plant species in riparian zones to provide a range of
litter quality due to species diversity, genetic diversity, and plant sex variation (LeRoy and Marks
2006, LeRoy et al. 2007, 2020). These goals are connected to both the Proper Functioning
Condition and Desired Future Conditions of riparian zones target (described above; Table 5). The
litterfall targets we suggest here (e.g., no net change in litterfall within 50 feet of the stream)
were developed with potential new westside Type Np rules in mind. If these rules remain
unchanged, a more flexible target could be considered.

Table 5. Proposed changes to second Functional Objective and Performance Targets for
“LW/Organic Inputs”: Litterfall. Changes to targets in red text, clarity edits in green text.

Functional objective: Maintain and/or develop riparian conditions that provide complex habitats

for recruiting large wood and litter.
Measure Performance Targets
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Litterfall *Westside Type Np: Litter recruitment from 50’ buffers along at least 50% of stream length
shows no measurable changes relative to pre-harvest conditions. (consistent with current
rules; if rules are modified, percentage of stream length will change accordingly)

*Eastside Type Np: at least 70% of recruitment available from within 50’.

*Westside and Eastside Type F: Litter recruitment within 50 feet of the stream shows no
measurable changes relative to pre-harvest conditions

*Westside and Eastside type Ns: no target due to lack of regulatory buffers.

IN-STREAM LARGE WOOD

The riparian forest (in combination with some upland sources) is a major source of in-stream
large wood (LW — Note that we use the term large wood as “debris” has come into disfavor), and
as such the maintenance of the riparian area needs to provide enough LW pieces of sufficient
size to provide stable, in-stream wood as habitat (McDade et al. 1990, Benda and Sias 2003,
Sobota et al. 2006). Estimates from PNW streams show ~80% of LW falls from within a 30 m
buffer of the stream (McDade et al. 1990). A common definition of LW is any piece >1 m length
and >10 cm in diameter (Wohl et al. 2019), which is relatively small in comparison to the size of
large wood pieces that typically contribute to the formation of habitat. A specific definition of
LW is needed in any target articulated. The sizes and numbers of pieces of large wood should
scale with the size of stream (potential stream power), and one metric that has been used is the
idea of “functional wood pieces” or “key pieces”, which are pieces that are adequate to resist
regular movement due to high flows, and thus maintain stable features within streams, that is,
within the bankfull channel. The scaling of piece sizes to bankfull channel width is explicitly
detailed (Forest Practices Board 2002) and discussed further in Roni et al. (2015) for streams in
western Washington. Forest Ecosystem Management Assessment Team (U.S.) (1993) referred to
the sources of such key pieces through consideration of potential tree heights of trees in the
riparian forest. Large wood is an important component of pool formation, critical to habitat of
many salmonids (Bilby and Ward 1989). Many of the trees that fall and could recruit to the stream
channel, may in fact rest partly or wholly outside of the channel itself, and some estimates
suggest this may be as much as 90% of the volume of fallen wood (Schuett-Hames and Stewart
2019, Rossetti de Paula et al. 2020, Ehinger et al. 2021). While we mostly consider channel-
spanning key pieces, large wood and wood jams are also important as habitat in stream edges of
large streams (>20 m BFW; Paris et al. .

It is important to recognize that the riparian area is a dominant source of LW, and in many
situations the trees in the riparian area are second-growth trees and smaller than the original
forest. At the same time, large, legacy pieces of wood in the channel are decaying and getting
smaller. In addition to wood input from streamside forests, the input of wood from further
upstream via debris flows can be an important episodic source of wood to downstream reaches,
estimated at 11 to 59% of total LW volume in downstream reaches (May and Gresswell 2003,
Benda and Sias 2003, Reeves et al. 2003, Wohl et al. 2019). In the context of riparian buffers,
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upslope trees (beyond the buffer) as a source of wood is generally absent after harvest. However,
most LW originates from relatively close to a stream’s edge, and one estimate is that >80% of
wood comes from <30 m away from a stream (McDade et al. 1990, Sobota et al. 2006). The
interplay between input processes (particularly in stand-replacing events) and decay processes
leads to a long-term dip (U-shaped temporal distribution) in the amount of LW in streams in
managed landscapes relative to unmanaged streams (Martens et al. 2020). It should also be
noted that the available wood for recruitment in most places will be relatively small-diameter
trees as most riparian trees in managed forests will be in early to mid-seral stages. This will affect
the number of pieces and volume of LW and thus makes the maintenance of good riparian
condition even more important.

Instream LW provides cover from predators and from flow velocities, modifies geomorphic
processes to create habitat heterogeneity (Wohl et al. 2019), offers substrate for attachment,
and can be both direct and indirect sources of carbon through biofilm contributions to food webs
(reviewed in Forest Practices Board 2002). Large wood increases carbon storage in streams by
interception of leaves and other materials that would otherwise be transported downstream
(Wohl et al. 2012, Beckman and Wohl 2014, Warren et al. 2016, Peters-Collaer et al. 2025).
Moreover, LW is a key attribute contributing to formation and maintenance of stream
geomorphology, interacting with sediment supply and storage to create habitat (in-stream
targets), such as pool formation. Streamside management has long considered in-stream wood
a key element of habitat, and the supply of LW is one objective for riparian protection. The
amount of wood can be defined as numbers of pieces or volume per unit area of stream surface
(usually based on bankfull widths). Another way to define functional large wood is based on “key
pieces,” defined as pieces of wood that initiate a log jam (Collins and Montgomery 2002). The
use of key pieces gets more directly at habitat-forming elements, as these are the pieces
sufficiently large to resist fluvial transport and initiate wood jam (or debris dams) formation and
persistence (volumes per piece necessary is specified in Schedule L-1). Many restoration projects
use targets for LW, but often use different reference sites, for instance Beechie et al. (2021)
project in the Chehalis River basin, where their LW targets come from reference streams they
had identified in the basin from earlier work. Targets for LW can vary considerably between
watersheds, but we feel the Fox and Bolton (2007) work discussed below provides a rigorous
sampling of undisturbed watersheds appropriate to WA DNR’s target options.

Wood that forms key pieces is most likely to be locally derived, i.e. if the piece can resist fluvial
transport, it is unlikely to be transported from upstream (where maximum discharges would be
less and therefore with less stream power). These pieces typically have root wads intact, which
helps anchor key pieces in the channel (Fox and Bolton 2007). The use of the numbers of key
pieces (functional wood pieces) also helps with the temporal aspects of source wood sizes, as
trees in the riparian area are mostly on the trajectory towards potential tree height (and volume),
but unlikely already at that size.
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In setting targets, it is important to avoid expectations that the same number of key pieces (or
volume) will occur along every stream reach, as nature is highly heterogeneous. Thus, one metric
absent from the Schedule L-1 targets for LW is the stream reach over which numbers apply. In
the current targets the numbers of key pieces are appropriately scaled by bankfull channel width
(BFW), but the reach lengths over which targets would be measured were not specified. Whether
these reach lengths should apply to individual streams or landscapes could be a point of
discussion, as it would be a poor assumption that every stream reach would have the same target
number of LW pieces regardless of drainage area, gradient, confinement, and other landscape
features.

Fox and Bolton (2007) measured LW (defined in their study as >2 m length, >10 cm diameter) in
78 undisturbed streams in Washington to estimate numbers of pieces, volumes, and numbers of
key pieces, to serve as a benchmark for management targets. They further considered both
western and eastern Washington, as well as separating measurements for streams in Douglas-
fir/ponderosa pine forests, silver fir-mountain hemlock forests, and grand fir forests. Their results
provide for revisions to targets based on their data.

The number of key pieces per BFW as detailed in Fox and Bolton (2007) aligns with Schedule L-1
targets for streams 0 to 10 m in width (0.3 per channel width), but the current targets of 0.5
pieces per channel width appear too high for streams 10 to 20 m wide. For the latter, the median
number of key pieces for such streams was estimated as ~0.2 key pieces per channel width (Fox
and Bolton 2007). Based on this work, we suggest minor revisions to the target numbers (see
Recommendations below).

In small streams, LW may be less influential in controlling geomorphology, and often LW that falls
is channel spanning and may remain so for a decade or more (Rossetti de Paula et al. 2020). The
Instream working group concluded that in streams <5 m BFW, pool spacing is less influenced by
LW and more so by large clasts that locally modify flow and transport processes. For this reason,
we exclude streams < 5 m from our recommendations (Table 6).

Estimates of the required numbers of key LW pieces per channel width were specified in the
Schedule L-1 and those numbers should be reconsidered in light of data from Fox and Bolton
(2007). However, the original targets did not specify over what spatial scale these numbers would
apply. Natural wood distribution is highly heterogeneous, and some reaches might not retain
functional wood if the stream is too incised, steep or lacking other elements. LW amounts are
often very low in bedrock (and confined) reaches, so there will be variation across landscapes
(Fox and Bolton 2007). We suggest application of some spatial scale that is not too prescriptive
of any one landscape. However, a measure that is state-wide is too coarse. There may be some
scaling by km of stream or hydrologic unit (HUC) that could provide an intermediate scaling that
meets the targets. The key here is not have the target apply specifically to every km of every
reach. This should be subject to additional consideration of specific reach types and stream sizes
and not applied as a specific target.
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Maintaining potential recruitment of LW suggests that additional disturbance should not lead to
removal of that supply. For instance, wildfires leave standing dead that still provides potential
sources of recruitment of dead wood to stream channels. Likewise, windthrow may be common
after forest management in some landscapes, and while it may create a pulse of LW recruitment
to the channel and riparian areas, it should not be subject to salvage logging.

Small wood is also important in formation of “log jams,” sometimes also called “debris dams.”
Any wood smaller than the key pieces can contribute to the development of such dams and in
turn augment the stability of these structures. Functional LW (key pieces) is good at capturing
small wood, so we do not foresee any additional targets that would measure anything beyond
numbers of functional LW pieces and volume per some unit length of stream channel.

Recommendations:

In Schedule L-1 there was mention of 2 pieces of large wood per channel width for streams <20
m BFW, without specification of piece size (volume) or over what length of channel it should be
measured. This is still a useful target. This applies primarily to Np streams, but these pieces could
easily be suspended across the channel (and thus not habitat-forming initially) or too small to be
functional. However, suspended large wood can provide some degree of cover, and eventually
breaks and provides in-stream large wood. Small streams (Np) generally have relatively low
stream power and often large wood remains stable within these channels. This is perhaps not
useful for streams >5 m BFW, and we suggest that numbers of functional LW jams be counted,
rather than single pieces.

Streams >20 m in width often have few or no key pieces that are channel-spanning. Moreover,
the power of such streams at high flows can wash away large wood as well as floating it
downstream. For these reasons there were no specific targets specified for such large streams in
Washington. However, large wood still contributes to shoreline habitat complexity and while
there is insufficient research to specify targets, additions of large wood to shorelines remains an
aspect of stream restoration activities in Washington. Setting targets at the scale of large streams
is unlikely to be successful due to the enormous degree of heterogeneity of such systems and of
the sizes of wood pieces available.

There were no targets for instream LW set for eastern Washington in the original Schedule L-1
(Forest Practices Board 2002). While there appears to be less research on LW in the eastern part
of the state, there is no apparent reason to expect that the amount of functional, key pieces
should be different from that defined for western Washington. Data from Fox and Bolton (2007)
suggest the amounts of LW in eastern Washington streams are similar to western Washington.
We suggest that until new research allows for refinement of targets, that the targets per bankfull
width set for western Washington apply to eastern Washington (Table 6) and be modified when
research allows for more appropriate targets.

There are three “timber habitat types” currently defined in the current forest practices rules:
"Ponderosa Pine" below 2,500 feet, "Mixed Conifer" between 2,500 and 5,000 feet, and "High

Elevation" above 5,000 feet. The eastside timber habitat evaluation project evaluates
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alternatives for an updated landscape classification system (e.g. Dry, Moist and Cold). In the mid
to lower elevations of central Washington, where forests are dominated by Douglas-fir and
Ponderosa pine (DF/PP), it may make sense to develop a separate target. Stem density and basal
area in these drier forests differ considerably from those in both western Washington and higher
elevation habitats in eastern Washington. Fox and Bolton (2007) found that streams in such
forests had only about 33-52% of the numbers of LW pieces and ~7% of the number of key pieces
compared to the amounts for western Washington (estimated from their Table 4). However, they
also had many fewer streams representing this region in their sample, and more data would be
useful before setting targets for DF/PP forests on the basis of that study.

Table 6. Proposed changes to second Functional Objective and Performance Targets for
“LW/Organic Inputs”: In-stream LW. Note that we use the term Large Wood. Changes to targets
in red text, clarity edits in green text.

Functional objective: Maintain and/or develop riparian conditions that provide complex habitats
for recruiting large wood and litter.
Measure Performance Targets

In-stream LW Westside and high elevation eastside:

*Streams < 20 m (or 65.6 ft) bankfull width: > 2.0 pieces (total wood) per channel width
*Streams 5 to 10 m (16.4 ft to 32.8 ft) bankfull width: > 0.30 key pieces per channel width
*Streams 10 to 20 m (32.8 to 65.6 ft) bankfull width: > 0.20 key pieces per channel width
*Low elevation eastside Douglas-fir/Ponderosa pine forests: we recommend interim targets
of > 1.0 piece of LW per bankfull width, and > 0.02 key pieces per bankfull width.*

*Note that the interim target for DF/PP forests can be updated following the findings from the ongoing
ETHEP project designed to improve classification accuracy of eastside timber habitat types.

ADDITIONAL TARGETS CONSIDERED

We considered targets associated with nutrients and decomposition rates (discussed below).
While these ecosystem processes are important to riparian function, we did not have sufficient
data to recommend new targets at this time. However, we have included a summary of discussion
here for completeness.

Nutrients: In Washington’s “hard rock” study, small watersheds were subject to 100% clearcut
(0% treatment), clearcut with 50% of the stream length with 50’ buffers (FP — current forest
practices treatment), or buffers of 50" along the entire length of the stream (100% treatment),
and all were compared to reference sites in a BACI design (Mcintyre et al. 2018, 2021). In-stream
nutrient concentrations immediately post-harvest increased in all treatments, with largest
increases in total nitrogen and nitrate-N in the 100% treatment (Mclintyre et al. 2021). After eight
years post-harvest, only one site had recovered to pre-harvest N export rates (Mclntyre et al.
2021).
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Decomposition: Decomposition of organic matter (leaf litter) was considered as a possible target
as it is a key ecosystem function in streams. The data available do suggest that within a limited
landscape that this metric can be a sensitive indicator (Yeung et al. 2017). However, this is a
somewhat detailed metric to obtain, requiring at least two site visits per measurement.
Moreover, there is a large region-to-region heterogeneity in decomposition rates, in not only the
magnitude, but even the directionality (Richardson and Béraud 2014). We suggest that this
metric may be interesting in future, but at this time we do not believe it to be a reliable target.

FUTURE RESEARCH

Here we outline some research needs that could increase the certainty around the effectiveness
of targets described in this review.

Shade

In the field, the usual measurement is of canopy cover, i.e. how much of the sky view is obscured
by foliage or other objects. For that reason, we suggest changing the focus of the metric in these
measurements from “shade” (effective shade) to “canopy cover.” However, some LiDAR
approaches explicitly build in photon interception, which is a shade function. While shade and
canopy cover are related metrics, they are not identical. Care needs to be taken in applying these
together, and we recommend that efforts be made to standardize which LiDAR analysis
tools/methods are used in remotely sensed cover or shade analysis as these will become
increasingly common. If establishing a consistent metric is impractical at this point, it would be
useful to have an explicit comparison of all relevant metrics and what they represent.

Key questions and points to consider in this larger effort include:

1. Are there agreed upon measures that derive directly or indirectly from
cover/shade/light/photo interception estimates?

2. What is the full set of measurements that have been used or are proposed for use (e.g.
densiometers, hemi-photos, LiDAR derived metrics (and the myriad of analyses from
LiDAR data), PAR or lux measurements). A full review and comparison of these methods
is beyond the scope of the current effort, but each measurement method carries is own
assumptions and sources of error and understanding and articulating those will be
important to facilitate future decision making and cross-walking historic and future
shade assessments.

3. In light of point 2 above, it would be valuable to establish relationships between
densiometers and other ground-based methods with emerging LiDAR methods. Some
papers have done this (e.g., Martens et al. 2019, Richardson et al. 2019), but a more
comprehensive study would be valuable.

While effective shade is likely most closely linked to stream temperature due to its connection to
light fluxes, canopy cover has been more widely used. We recommend that as a consensus is built
around LiDAR metrics, ground-truthing temperature relationships — in addition to in situ
cover/shade values — this will also be valuable since temperature is a key driver of regulations
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around retaining riparian cover. Local stream conditions and landscape position will be important
covariates to consider in an effort of this nature (Arismendi and Groom 2019).

We suggest that there should be discussions among stakeholders to ensure that everyone
understands the trade-offs around shade/canopy cover retention and what each metric is
relative to. Should it be based on the previous conditions or on a target level? How do
stakeholders want to address balances between maximizing canopy cover and a desired future
condition that is more similar to a complex late-succession forest? In the recommendations
below, we focus on a threshold of 85% cover but there are trade-offs for this focus.

It will be valuable to address how disturbance factors like windthrow, insect outbreaks, ice
storms, etc. relate to shade/canopy cover retention goals. Windthrow is particularly complicated
as it may be more prevalent soon after harvest and would reduce canopy cover and increase LW
loading. While increased windthrow potential is surely a product of cutting the trees around the
buffer, whether windthrow happens is also linked to stochastic weather events (not only wind
but also precipitation that can create saturated soils). Is there an anticipated windthrow level
after harvest? And if so, should that be built into the shade or canopy cover retention or target
level metrics? If windthrow and other disturbance events are built into those metrics (set higher
to account for these later canopy cover/shade losses), this needs to be explicit.

Further consideration will be needed concerning recommendations and regulations around
canopy cover and shade changes linked to regulations around temperature changes. If the
regulations for temperature response to management require no change, this may effectively
create the need for no change in canopy cover, even if the shade levels are well above those of
most late-succession forests on the west-side, and the system could ecologically function with a
reduction in shade. If temperature supersedes cover as a key regulatory metric, this will push
management to always maximize canopy cover. This may be okay and canopy cover regulations
may be cleanest if they function independently from temperature, but because these regulatory
metrics are linked, we feel that this issue warrants discussion/consideration among regulatory
decision makers. It may be impractical to co-develop regulation targets in these two metrics
together, but their connections will influence each other as a reduction in shade from 95% to
85% can affect stream temperatures.

Riparian Condition

Maintaining properly functioning riparian areas provides for protection of a wide range of
resource values. Riparian areas provide unique habitats for biodiversity conservation, shading to
reduce thermal inputs, sources of LW, litter and other inputs to streams, streambank stability,
nutrient uptake, and more (Richardson and Danehy 2007). While the targets discussed here will
help maintain properly functioning riparian areas, new research may indicate better, and perhaps
more efficient, ways of achieving the goals set out by the state of Washington.

Litterfall
We attempted to match the recommendations for shade / canopy cover.
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Large Wood

There are relatively few studies of large wood in unmanaged streams from which to draw
potential targets. This is obviously because of the spatial extent and duration over which forests
have been managed, altering wood supplies. Moreover, in many situations large wood was
actively removed from stream channels. Large wood volumes and piece sizes are key targets for
restoration activities, and work towards estimates is ongoing in Washington and elsewhere and
may inform future revisions to targets for large wood.

RECOMMENDATIONS:

In Table 7 we summarize our suggestions for clarification of the language in the original Schedule
L-1 and provide our recommendations for revisions to targets. Targets should align with potential
revisions to Np rules based on percentage of stream length relative to extent of streamside
coverage by riparian buffers.

Table 7. Proposed changes to all riparian performance targets to meet resource objectives.
Notes that do not change the targets but result in more clarity in green text and recommended
changes to the targets in red text.

Measure Comments Recommended changes to targets
Canopy Cover* | There is no performance target for Type *Type F and S Streams: maintain >85% canopy
Ns streams due to lack of a regulatory cover along the entire stream length (except
buffer for this stream type. Eastside bull trout habitat where >90% canopy
cover is desired).t
* Canopy coveris a *Type Np streams: Maintain at least 95% of pre-

proxy for shade.

H ’

Although shade is harvest canopy cover using 50 b.uffers aI.ong at
more directly linked least 50% of stream length (consistent with
to stream current rules; if rules are modified, percentage
temperature, X stream length will change accordingly)

ist . . L. ,
canopy cover s the *Eastside: all available canopy cover within 75’ of
most commonly I . .
assessed shade- designated bull trout habitat per predictive
associated metric model.
and so more *Westside and Eastside type Ns: no target due to

tractable and
applicable in
creating targets.

lack of regulatory buffers.

TNote that potential to meet this goal will be dependent upon
pre-harvest levels — if pre-harvest canopy cover is <85%, we
recommend maintaining all available canopy cover.

Riparian Stand eWestside and high elevation (>5000 ft) Eastside
Condition: habitats: riparian stands meet Proper
Desired Future Functioning Condition (PFC) and are on
Condition pathways to meet Desired Future Condition

(DFC) targets (as evidenced by species mix,
basal area, trees per acre, DBH variability,
height variability, growth, mortality, age
distribution, and presence of snags)
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eEastside (< 5000 ft): DFC; current stands on
pathways to achieve Eastside stand
condition ranges for each Timber Habitat
Type series (Ponderosa Pine, <2500 ft;
Mixed Conifer, 2501 — 5000 ft).

maintaining a diversity of understory and
overstory species that provide a range of
species (including hardwoods), genetic,
and plant sex variation.

The targets here are aligned to match the
shade targets, and future revisions to
shade will have proportional impacts on
litter input

Riparian This is a new target to assess that riparian | Our checklist provides a subjective evaluation
Condition: functions and structures are not impaired | that can serve as an alert to evidence that proper
Proper by other activities. Riparian buffers need functioning condition of riparian areas has been
Functioning to remain functional at appropriate levels | compromised. This is intended to ensure riparian
Condition during the period towards Desired Future | areas continue to function in ways that provide
(current Condition habitat for biodiversity, key ecosystem functions,
condition) and a sustained source of Shade, Large Wood and
Litterfall to streams.
Litterfall We recommend text that encourages *Westside Type Np: Litter recruitment from 50’

buffers along at least 50% of stream length shows
no measurable changes relative to pre-harvest
conditions (consistent with current rules; if rules
are modified, percentage stream length will
change accordingly)

*Eastside Type Np: at least 70% of recruitment
available from within 50’

*Westside and Eastside Type F: Litter recruitment
within 50 feet of the stream shows no measurable
changes relative to pre-harvest conditions
*Westside and Eastside type Ns: no target due to
lack of regulatory buffers.

In-stream LW

Eastside and westside streams receive
same targets (eastside targets were
not specified in Schedule L-1)

We have noted that the stream reach
length over which targets would be
assessed were not specified. Rather
than specify these, in the text we
discuss ways to consider the
appropriate spatial scaling without
providing a particular prescription.

Note: for streams 10 to 20 m BFW, the
number of key pieces of LW is
reduced from original Schedule L-1

No guidance was provided for Douglas-fir
/ Ponderosa pine (DF/PP) forests, so
we propose interim targets.

Westside and Eastside:

*Streams < 20 m (or 65.6 ft) bankfull width: > 2.0
pieces (total wood) per channel width

* Streams 5 to 10 m (16.4 ft to 32.8 ft) bankfull
width: > 0.30 key pieces per channel width
*Streams 10 to 20 m (32.8 to 65.6 ft) bankfull
width: > 0.20 key pieces per channel width. Note
that this is less than the original Schedule-1
target.

* Low elevation eastside Douglas-fir/Ponderosa
pine forests: we recommend interim targets of >
1.0 piece of LW per bankfull width, and > 0.02 key
pieces per bankfull width.

*Note: the westside Type Np canopy cover (Shade) and litter targets were revised in light of the
proposed increased buffer protections on westside Np streams. These rules have not yet been
formally adopted by the Forest Regulation Division.
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