Washington State

Cooperative Monitoring, Evaluation, and Research Committee (CMER)
Report

Riparian Characteristics and Shade Response
Experimental Research Study
Draft Scoping Document

Prepared by
Mark Hicks, Department of Ecology

In association with the
The Riparian Science Advisory Committee (RSAG)

For the
State of Washington
Forest Practices Board Adaptive Management Program

May 16, 2018




Left Intentionally Blank



Table of Contents

L7 01 =) (PO PPPPPUPTROPI 1
2ol <=4 o TU T o o RSP 1
I3 UL=Y A ad e o1 1= I3 €= =10 111 ) ST 3
VT o NI - 1 =] 0 4 =T o A PPPPPPPPPPPRY 3
(0] oY1=t 4 VLT3RPS 3
CritiCal QUESTIONS ...ttt ettt ettt e st e e s a bt e s bt e e bbe e s beeesabeesabeesasbeesabaeesbeesabeesaseeesabeeanns 4
Summary of Best AVailable SCIENCE ....eiiuiiiiicee e e e e e e sbae e e e saaeeeeas 4
AILEINATIVE STUAY DESIBNS ..vveiiiiiiieeeeiiee e ettt e e ettt e eett e e e ette e e e etteeeeebteeeeestseeeassaseessaseeeastseesaasaneessnssneensses 7
OVEIrVIEW OF AILEINATIVES ...ttt ettt et e be e sae e st sttt e be e bt e sbeesmeesaeeearean 7
DiSCUSSION OF AL EINATIVES ..ceuetiiiiiie ettt ettt e e st e sttt e st e e sbeeesabeesabeeesabeesabaeesaseens 9
Limiting Geographic Scope of the RCS Study to the EastsSide .......ccccceveciiiriiiiieieiiiee e, 20
Data REQUITEMENTS coiiiiiiiieeee ettt e s e ettt e e e e e s s s bt bta e e e e s s e s sababteaeesssssnnsesaaeeesssnsansnnes 20
Level of Effort and Estimated BUAZET ......cccuuiiiiieiee ettt ettt e e e b e e e e nte e e e eareeas 21
o oTo XY= 1 I g V1 AT 14 o o VOSSP 22
CITEA REFEIENCES ...ttt st ettt e b e s bt e st st et b e b e e s be e smeesareeneenneesreesanenas 22
Appendix A — Best Available SCIENCE REVIEW ........cciccuiiiiieiiie ettt e e e e e sar e e e bre e e ssaaaaeeeas 31
Thermal Processes in the Forested ENVIroNmMent........coieiiiiiieriieiieeseenee et 31
Shade and Temperature Research Applicable to Riparian Buffers.........ccccceeeeciieeieciiee e, 34
Limitations to Comparing Results from Different Studies ..........cccccvveeeciie e, 34
Clear-Cut-Only TreatmMENTS ....vviii ettt e e st e e e st e e e e sbteeesebtaeessnbeeeessaseaeassnnes 35
Buffer Width CompPariSON STUIES ....ccocvieiiiiiie e e e e ebe e e e e areeas 37
BUTfEr ThINNING STUdIES ...eiiiieiiee et e et e e et e e e e e bt e e e e eabee e e eeabaeeeesabeeaeearenas 41
Modeling Shade and Solar Energy AttenUAtioN .........cooeceiiiiiii et e e e e e e nneees 48
Methods for Measuring Solar Energy and Canopy DENSItY ......cccueeeieciieeeciiieececieee et e et e et e e e 55

Appendix B — Level of Effort and Estimated BUdgEt.........c..veeieiiiiiiiiiii et 61



Context

This Riparian Characteristics and Shade (RCS) response study is being developed by the
Riparian Scientific Advisory Group (RSAG) of the Cooperative Monitoring Evaluation and
Research Committee (CMER) as part of the State of Washington’s forest practices Adaptive
Management Program (AMP). The AMP is funded by the Washington State Legislature to assist
the Forest Practices Board (Board) in determining if and when it is necessary or advisable to
adjust rules and guidance. CMER is responsible for providing the AMP with the best available
science (BAS) through research and monitoring of the effectiveness of forest practice rules at
meeting the program’s goals.*

The RCS study was added to the CMER biennial workplan in 2016. The Timber Fish and
Wildlife Policy Committee (Policy) approved limited funding to assist RSAG in developing a
study design for Fiscal Year (FY) 2019. No Project Manager has been assigned, and RSAG
expects to seek funding to implement the study beginning in FY20 budget period.

Background

This RCS study would strengthen knowledge on the effectiveness of riparian buffers in
protecting aquatic resources by providing a strong analysis of the how changing riparian
management prescriptions affect stream shading across the state. The existing CMER research
program reflects planning and prioritization decisions made in 1999-2000. Based on a project
prioritization process, CMER identified Type Np (non-fish-bearing perennial streams) riparian
prescriptions as posing the greatest potential risk to aquatic resources. This was based on the Np
rule prescriptions using relatively narrow and discontinuous forested buffers and the general lack
of science underpinning those prescriptions. As a result, several CMER riparian rule
prescription-effectiveness studies are either complete (Westside Type N Buffer Characteristics
Integrity or Function study (Schuett-Hames, et al. 2012)) or nearing completion (Effectiveness
of Experimental Riparian Buffers on Perennial Non-fish-bearing Streams on Competent
Lithologies in Western Washington (Mclntyre et al. 2017), Stream-Associated Amphibian
Response to Manipulation of Forest Canopy Shading (MacCracken et al., in review), and the
Westside Type N Soft Rock Effectiveness Study (CMERL1)). No Type Np stream studies have
been implemented on the eastside; although, a study design for an Eastern Washington Riparian
Effectiveness Monitoring Project (CMERZ2) has undergone independent scientific peer review
(ISPR) and is awaiting approval.

In addition to the ongoing Type Np studies, a set of eastside Type F (fish-bearing waters) stream
studies has been completed ((Eastside Solar Shade Effectiveness Study (McGreer et al. 2011,
and Eastside Bull Trout Overlay Temperature Study (Cupp and Lofgren 2014)), a Westside
Type F Prescription Monitoring Project (CMER3) is in implementation, and a Forested
Wetlands Effectiveness Study is ready for ISPR that may examine wetlands both east and west
of the Cascades.

1 1. Clean water, 2. Harvestable fish, 3. ESA compliance, 4. Viable timber industry.
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Once complete, these effectiveness monitoring studies will provide policy makers with an
improved scientific basis to infer how effective the buffer prescriptions tested are in achieving
key riparian functions. Even with all these studies, however, many prescriptions in the forest
practices rules will remain untested.

The rules that guide forest management along perennial streams and other aquatic features in
Washington State are complex, and result in over 90 different potential riparian buffer
configurations. Given this complexity, and limited research funds, CMER cannot test the effects
on stream temperature for the full suite of potential buffer configurations existing in rule. In
addition, if those prescribed buffers tested are found not to meet performance targets, or if new
policy goals such as more active management in riparian areas are being considered, there is
little in the way of rigorous science to inform adaptive management decision making at Policy
and the Board in when considering alternative prescriptions.

Protecting stream temperature is a priority of the state’s forest practices rules and is directly
related to the Forests and Fish Report and the Forest Practices Habitat Conservation Plan
(FPHCP) performance goals of meeting the state water quality standards. Managing stream
shading is the primary way the rules were designed to protect stream temperature. The strong
relationship between shade and stream temperature provides the AMP with an opportunity. It is
significantly quicker and less costly to test how different riparian prescriptions affect stream
shading then it is to directly test the effectiveness of prescriptions on stream temperature. For
example, this RCS study can provide a very strong test of as many as 13-21 different shade
prescription variants within 2 — 3 years, versus the 7 — 9 years commonly needed to complete a
single effectiveness monitoring study that would typically examine 2-3 prescription variants.
Results from this proposed study could therefore be available in the same time frame as the
remaining planned riparian effectiveness monitoring studies described previously. This would
allow the RCS study to further validate the findings from the aforementioned studies. Used with
the shade-temperature relationships developed in those studies, the RCS shade data would also
better inform the extent that untested alternative buffer prescriptions (combinations of no-cut
buffer width and thinning of varying intensity) are likely to meet shade and temperature
protection targets.

In addition to directly informing how stream shading changes in response to the specific riparian
prescriptions assigned for testing, the empirical data being collected could be used to potentially
improve existing shade models used in the AMP and by outside cooperators. One of these
models, the SHADE.xIs model, was developed by the Washington Department of Ecology. This
model has been used within the CMER research program (Cristea and Janisch 2007), by
cooperators to the AMP (Washington Farm Forestry Association 2015), and in scientific
research trying to determine the effect riparian management prescriptions have on stream shade
(Teply et al. 2012 and 2014). The SHADE.xIs model estimates shade based on user-input data
describing riparian conditions and stream and topographic and physiographic characteristics.
This model shares underlying algorithms with other shade models used in the region, so
information gained to improve the SHADE.xIs model can be used to improve other models used
in the region. This model was not developed, however, to back-calculate stream buffer widths
and management prescriptions, and can produce spurious results. For example, if a user
describes a riparian forest as being dense and then extends branches over the stream, the model



will be insensitive to the width of the buffer. The model output in such a case will show a one-
foot wide buffer to be extremely effective in blocking solar energy. In spite of not being
validated or designed to make forest-prescription-level design decisions, cooperators are using it
for this purpose. There would be significant value to the AMP to validate the model at a
minimum, and to the extent possible, refine the model to allow it to be a more effective tool for
evaluating management prescriptions.

Issue/Problem Statement

Washington’s forest practices regulations include riparian prescriptions that include no-harvest
buffers of varying width. These no-harvest buffers can be used alone or in some cases be applied
in combination with adjacent buffers of varying width within which some level of thinning is
allowed. No study has been identified which examines a well replicated range of riparian harvest
treatments on stream shade across a broad range of forest types applicable to Washington State.
Field research is particularly limited examining how changing the width of no-cut buffers along
streams effects the ability to thin the adjacent riparian stands without detrimentally affecting
stream shade. In addition to being of direct interest in assessing the effectiveness of the current
riparian rules, this is a topic of great interest to policy makers who want to understand the
implications to shade of using forest thinning as a tool to promote healthy forests on the Eastside
and desired future conditions sooner on the Westside. While other existing and planned CMER
research studies will support decisions on the effectiveness of the specific prescriptions tested,
they will not inform policy makers of other, untested buffer configurations permitted under forest
practices rules, as well as their statewide applicability.

Purpose Statement

The purpose of this study is to quantify how stream shade responds to a continuum of buffer
management treatments of varying intensity across a range of stand types (or geo-physiographic
regions)? common to commercial forestlands covered under the FPHCP. The results would
strengthen the ability of the AMP to interpret and respond to ongoing and future effectiveness
monitoring studies that directly test both shade and temperature. The data collected on buffer
and stand characteristics would also be used to test and make improvements to Ecology’s
SHADE.xIs model. This would further expand our ability to estimate the response of shade to an
even broader range of treatment prescriptions, including alternative prescriptions, over a broader
range of riparian forest types and conditions than what we can test directly.

Objectives
The study has three objectives:

1. To determine the effect of varying buffer width and the intensity of management (i.e.,
thinning) within the buffer on shade provided to adjacent streams.

2 Recommendations on whether to use forest stand types or ecoregions, and which stand types or regions should
be tested will be made in the study design phase of this study.
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2. To determine relationships between stream shade and common forest-stand metrics (e.g.,
mean canopy height, crown ratio, relative density, trees per acre, basal area per acre).

3. To refine and calibrate Ecology’s stream shade (SHADE.xIs) model to improve
application across the range of buffer configurations and timber stand types common to
commercial forestlands in Washington.

Critical Questions

The study would address the following critical questions:

1. How does stream shade change in response to a range of no-cut and thinned buffer
zones used alone and in combination?

2. How does the shade provided by the tested buffer configurations vary by stand type
(e.g., Douglass fir, hemlock-spruce, Ponderosa pine)?

3. What stand metrics (e.g., stand height, relative density, trees per acre, basal area, and
crown ratio) alone or in combination, are the best predictor of shade and light
attenuation; and how do these predictor variables vary by stand type?

4. What parameter input values and/or changes in the Ecology SHADE.xIs model (e.g.,
canopy density, light extinction, stream overhang) would improve prediction
accuracy for timber stand types common to commercial forestlands covered under the
FPHCP in Washington?

SUMMARY OF BEST AVAILABLE SCIENCE

A detailed review of the literature to determine the best available science in support of this study
is provided with citations in Appendix A.

In summary, the research reviewed suggests moderate thinning can be accomplished with low
impact on stream shade and water temperature. However, as the intensity of thinning increases
the width of the RMZ will also generally need to increase to provide comparable protection for
stream temperature. Thinning more than approximately 25-30% of the standing trees or stand
basal area within a riparian buffer is commonly associated with reduced stream shading and
increasing stream temperature. As minimum riparian management zones are widened to 75 or
100 feet (22.8 or 30.5 m), or greater, the ability to conduct light to moderate thinning within
them without causing streams to warm increases. Adding no-cut buffer zones immediately
adjacent to streams increases the confidence that adjacent thinning prescriptions can be
conducted with minimal or no loss in stream shading, and allow those thinning treatments to be
more intense and thus more likely to be economically and operationally viable. Such a no-cut
zone might be adjusted from 25 to 60 feet (7.6 to 18.3 m) depending on whether a light,
moderate, or heavy thinning is being conducted.

The above observations apply to harvests which vary greatly in size, from small patch cuts of
only tenths of acres in size, to the harvest of small sub-watersheds, and to the harvest of 40-60
acre patches of timber in larger watersheds. They also apply to small to medium size fish-



bearing as well as to non-fish-bearing streams. Small streams have been shown to be sensitive to
changes in canopy cover, with stream warming often persisting for many years after harvest and
extending to the mouth of the watershed. Large streams and rivers, however, respond differently
to changes in riparian vegetation. With a larger volume of water that needs to be heated and less
ability for adjacent trees and plants to shade a large proportion of the water surface, the
temperature of these larger water bodies are more affected by general climatic conditions and the
temperature effects of their major tributaries (Cristea et al., 2010).

Riparian buffers which are left intact provide the greatest shade, followed by buffers which
selectively retain only mature trees. Though buffers of non-merchantable trees and brush can
help mitigate temperature increases as compared with clear cuts, the field research examined
suggests that they are not as effective in buffering even those very small tributaries sometimes
suggested to be effectively shaded by residual brush.

Studies of riparian buffer BMPs indicate their effectiveness for maintaining shade and stream
temperature are a function of the riparian stand characteristics (height, density, width) existing
immediately after harvest, along with the changes which occur over succeeding seasons. Based
on this knowledge, we should expect the effectiveness of the riparian rules for maintaining
stream shade will vary in relation to stand characteristics, location, and time after harvest.
Further, rule effectiveness in maintaining pre-harvest stream temperatures will likely vary in
relation to other key physical characteristics (described above) that contribute to stream
sensitivity to thermal loading. Based on the research reviewed, if maintaining stream
temperatures across the forested landscape is a goal of the FPHCP (Washington State
Department of Natural Resources, 2005), then such prescriptions would be best designed to limit
the reduction in stream shade post-harvest to less than 6%.

In addition to variability in temperature or shade responses caused by differences in riparian and
physical stream characteristics, the variability observed in the literature is also a foreseeable
result of the methods used in the research studies themselves. Few existing studies exert control
over the extent of harvest or meter the post-harvest conditions. The studies reviewed
predominately tested non-standardized operational applications of state or provincial buffering
recommendations. Harvest length and area; harvest block orientation; buffer width, age, and
structure; topographic shading; and years since harvest; are all examples of key variables known
to affect stream shading and temperature. Yet they are seldom controlled or accounted for in the
body of existing research. Shade is often not reported in the riparian buffer literature, instead
focusing on temperature responses. Where reported, however, the study may use any of a broad
range of metrics and monitoring techniques (light meter, pyranometers, LAI, canopy cover,
angular canopy density, effective shade, topographic and canopy shade) and take the
measurements from distinctly different positions over and across the streams. Differences in the
monitoring methods used in stream temperature studies (distance from cut-block to meter,
distance between treatments, uncontrolled harvests in basin, averaging metrics, and frequency of
monitoring) further reduce our ability to confidently assess the extent that changes in forest
management affect stream temperature. These many sources of variability reduce our ability to
confidently use the existing literature to answer the critical questions proposed in this RCS study.



A key objective of this study is to use empirical data to advance the state of our knowledge of
how stream shading responds under a common range of riparian management treatments, and to
do so under a strictly controlled and standardized set of study conditions. This RCS study is
focused on characterizing how variable widths and intensities of buffer management
(clearcutting, thinning, and no-cut zones) affect the ability of a riparian stand to intercept solar
energy that would otherwise pass through to the stream. Particularly lacking from the existing
literature is empirical research examining the added benefit of including no-harvest buffers of a
given width adjacent to thinning harvests. This study would substantially address this gap in
knowledge and in doing so directly assess a key feature of the state’s forest practices riparian
buffering prescriptions.

An additional objective of this RCS study, which is complementary to the assessment based on
the empirical data, is to identify improvements to the SHADE.xIs model. SHADE and

SHADE .xlIs are well established models for estimating the amount of solar energy that will pass
through forested canopies and warm streams. The existing literature generally supports the
potential to improve the SHADE.xIs model. Techniques for running the model that adjust for
vertical differences in canopy density (layers), and improved methods for assessing the
proportion of a stream shaded by overhanging vegetation, have met with some success. The
common thread of the attempts at model improvement reviewed is the use of methods that better
characterize the shade patterns created in complex riparian forest stands. The potential for model
improvement based on better describing stand characteristics that affect light transmission is
further supported by the work of researchers who found that incorporating relative density
helped address clumping, that understory density was an important consideration in model
accuracy, and that crown depth is a critical variable in light penetration through forest canopies.
Although research has demonstrated the potential for model improvements, the work reviewed
was restricted in scale and had little or no validation. The existing research also provides a
reason to be cautious setting expectations for model improvement. Researchers have found
significant variability in light energy extinction coefficients can occur within stands of the same
type and age. This documented variability suggests caution is warranted in setting expectations
about potential cost effective improvements in model accuracy.

The literature is consistent in finding there is no one best method for measuring shade, canopy
cover, or canopy density; and has demonstrated the value of modifying standard field methods
where necessary to better isolate the variables of greatest interest. The SHADE model was
developed based on overhead canopy cover and overhead canopy density, but the SHADE.xls
model allows the extinction coefficient to be turned off and more direct measurements of shade,
such as angular canopy cover and effective shade used directly. The effect of these choices and
the individual selection of metrics and methods on model results has not been evaluated.
Similarly, while more accurately accounting for the shade from branches overhanging streams
has been tested with some success, the methods used in the research do not lend themselves well
to general use, and the approach has not been more widely validated. The RCS study would
therefore need to examine a range of these methods against the modeled and measured results in
the effort to identify improvements which are most effective in meaningfully improving model
accuracy, and which can be readily applied in field studies.



Alternative Study Designs

Four options are identified which differ primarily in the extent to which they use an experimental
design or inform potential refinements to the SHADE.xIs model. RSAG has agreed not to
provide a single recommended alternative and to instead rely on Policy to assess the merits
without the potential bias of a recommendation.

Alternative 1 and 2 are scoped to meet all of the study objectives and inform all of the critical
questions. Alternative 3 and 4 address only a portion of the objectives. Alternative 3 is designed
primarily to make improvements to the SHADE.xIs model. Alternative 4 provides a least-cost
option for providing empirical data describing how effective-shade to streams change with
different widths of existing buffers s across the state.

All of the alternatives are scoped as two year field studies that provide statewide information.
However, each alternative can be carried out as either an Eastside-only or statewide study, and
can be implemented in pieces separated by time to better fit budget constraints without risking
the project goals. As will be discussed later, the RSAG does not recommend a Westside-only
scope for any of the alternatives.

Overview of Alternatives
The following summarizes the four alternative approaches identified by RSAG (Table 1):

Alternative 1:
Use a well-controlled and replicated field study to firmly establish relationships between
stream shade and the use of no-cut buffers of widths, common to the rules, applied both
alone and in combination with adjacent stand-thinning harvests of varying intensity. This
alternative would actively harvest experimental plots established in existing un-thinned
RMZs to specific target conditions. The plots would be established in experimental blocks
representing distinct forest types across the state. SHADE model refinement is not a focus of
this alternative, however, the data from this alternative could be used to identify whether the
SHADE model has a pattern of bias associated with different stand types, provide more
accurate data on stand metrics to use in the model, and provide estimated stand specific
shade values and energy extinction coefficients that could be used by modelers to create an
updated model.

Alternative 2:
This alternative would use the same field study design as Alternative 1, but would include
more direct measurements of canopy density and light extinction along with a broader
range of descriptive stand metrics that affect canopy density throughout a solar path over a
single day. In addition to providing the same empirical results as Alternative 1, this study
would be designed to: a) examine a greater range of stand characteristics that may correlate
with stream shade, and b) include making refinements to the SHADE model that enhance its
ability to estimate shade response to prescription scenarios across a range of forest types in
Washington.



Alternative 3:
Conduct a two-phased study in which the first phase (described herein) is focused on
identifying and making refinements to the shade model using data from existing RMZ’s
representing a range of forest types and harvest conditions, and the second phase would
be to test the validity of the model and any specific prescriptions of policy interest. The
primary goal of this alternative would be to refine the SHADE model so it can more
accurately estimate shade response to prescription scenarios across a range of forest types
in Washington. This alternative would include all of the field metrics in Alternative 2 but
would not use replicated treatments, and instead would attempt to find existing harvests that
provide a wide range of stand conditions for testing. It would rely on the variability
inherent in existing stands when developing regression relationships that try to identify
potential improvements to the SHADE.xIs model. Based on the revised model created in
Phase I, a recommendation would be made for a Phase Il follow up study to test the validity
of the draft model refinements.

Alternative 4:
Use a rigorous field study to firmly establish relationships between stream shade and
existing no-cut buffers widths across a range of forest types. This alternative would
examine effective shade provided to streams from un-thinned buffers of varying width
retained by landowners after harvest. The plots would be established in experimental
blocks representing distinct forest types across the state. SHADE model refinement is not a
goal of this alternative, however, the data from this alternative would provide more
accurate stand-type-specific buffer conditions to use in modeling.



Discussion of Alternatives

Alternative 1:

Use a well-controlled and replicated field study to firmly establish relationships between
stream shade and the use of no-cut buffers of widths, common to the rules, applied both alone
and in combination with adjacent riparian-stand-thinning harvests of varying intensity. This
alternative would actively harvest experimental plots established in existing un-thinned RMZs to
specific target conditions. The plots would be established in experimental blocks representing
distinct forest types across the state. SHADE model refinement would not be a focus of this
alternative; however, the data from this alternative could be used to identify whether the SHADE
model has a pattern of bias associated with different stand types, provide more accurate data on
stand metrics to use in the model, and provide estimated stand specific shade values and energy
extinction coefficients that could be used by modelers to create an updated model.

This alternative would use a well-controlled and strongly replicated field study inspired by the
work of Park et al. (2008). The following is intended to provide a general road map for
understanding the likely structure, scale, and cost of this study. Final recommendations would
be provided in a detailed study design.

At the conclusion of this study policy makers would, at a minimum, have robust information
describing:

e The relationship between the change in stream shade and the change in no-cut buffer
widths used alone and in combination with two to three intensities of adjacent thinning in
the RMZ (see Figure 2 below).

e The statistical strength of these relationships within and between forest types across the
study area (state or eastside).

e A data set that could be used to validate the SHADE.xIs model, and tables of stand
conditions that could be used to more accurately parameterize the existing model.

It is recommended this study:
1) Use a before-after-impact design.

2) Include five sites within each of four statistical blocks comprised of different stand types
(e.g., hemlock, Douglas fir, silver fir, ponderosa pine) or physiographic areas (e.g., coast,
inland west, eastern cascades, and northeast) across Washington; for a total of 20 sites.

3) , Establish three study plots within each of the 20 sites. Within each plot, two thinning
treatments® and a clear-cut treatment would be applied sequentially (see Figure 1):

3 Practical limitations related to harvesting and monitoring efficiency are expected to restrict the number of
thinning treatments to two, but the feasibility of including three intensities of thinning will be considered in
developing a study design.



o Plot 1. Thin moderately, then heavily, then clear-cut - to the edge of a 30-ft no-
cut zone*

o Plot 2. Thin moderately, then heavily, then clear-cut - to the edge of a 50-ft no-
cut zone

o Plot 3. Thin moderately, then heavily, then clear-cut - to the edge of a 75-ft no-
cut zone

Using the proposed sequential thinning strategy, the manipulation of three plots within a
single site allows 9 prescription variants to be tested, in addition to the pre-treatment
prescription. It is recommended the harvest zone be progressively thinned from below to
a target level of tree density (e.g., 100, 50, and then O trees per acre) or basal area (e.g.,
100, 70, and then O basal area per acre)®. It is further recommended that shade be
measured at the upland-edge of the no-cut buffer towards the thinning zones (which
would be 45, 70, and 90 feet in width). This would provide supporting information on
the shade contributed by the various widths and intensities of thinning without no-cut
buffers and effectively test 6 additional prescription variants for a total of 16 variants.

4) Stream shade would be measured using HemiView photographic analysis using the
Sunmap method for measuring shade. The treatment bank would be assigned to the south
regardless of its actual positon in order to reduce stream-orientation variability and
standardize the results.

Buffer widths and stand metrics would ultimately be chosen to best inform the range of no-cut
and thinning prescriptions in regulation. Thinning-targets would be selected that allow for
sequential thinning through a series of harvests. Stand metrics which lend themselves to this
purpose are trees per acre and basal area per acre. These metrics can be effectively used to set
harvest targets that can be consistently replicated between treatments and provide information on
regulatory threshold metrics often used to restrict the extent of harvest. While a single target
metric (i.e., trees per acre or basal area per acre) would be used to standardize the intensity of the
thinning harvest, additional stand metrics would be collected to assess buffer shade performance
(e.g., basal area, relative density, crown ratio, canopy cover, tree species, height, topographic
shade).

Analyses would compare treatments within and across stand types. These comparisons would be
made at both the prescription and plot level (considering the response curve created by imposing
a graduated range of treatments).

Some benefits of the recommended approach include:
e Informative:
o Directly tests shade for a range of no-cut and buffer widths in rule.

4 During study design development it will be considered if the study can increase the number of buffers tested
without significantly increasing the cost or reducing the power of the study, and will assess if it would be better to
test a narrower no-cut buffer instead of the 30-ft treatment to create greater difference from the 50-ft treatment.
51t is important that the same form of thinning be used throughout; however, other levels, or metrics (basal area
vs trees per acre), may be used to guide thinning if they are of policy interest or refined in the study design
process.
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o Informs policy makers on the consistency of the shade response to riparian
management across stand types and geographic regions in Washington.

o Produces a series of tables and associated predictive equations within which current
rule effectiveness for shade preservation can be generally assessed across a range of
prescriptions (both within rule and alternatives of policy interest) (Figure 2).

o Tests the accuracy of the SHADE model for industrial forest lands in Washington.

o Examines a range of stand characteristics by stand-type to identify potential
improvements to the SHADE.xIs model.

o Produces stand-type-specific characterization data that can be used to more accurately
parameterize shade models.

Flexible:

o Can be done on one-sided no-entry RMZs left after an upland harvest.

o Small footprint and few site screening criteria increase candidate sites.

o Treatments can be spaced out across years to fit budget and logistic limits.

Timely/Efficient:

o A Dblock of three plots can be completed in a five-day period.

o Sites can be marked for the entire sequential harvest in advance; allowing site
marking and harvesting/sampling (field work) to proceed separately.

o A contract harvester could work in tandem with the monitoring crew(s).

o The straight forward dataset would streamline analysis and report writing.

Minimal Landowner Commitment/Cost:

o Does not require landowners to alter harvest plans, set aside control sites, or provide
long-term access.

o Landowners can market the treatment-trees harvested in the study.

Some limitations of the recommended approach include:

The standardized experimental design would result in some sites having prescriptions
applied that do not match what would otherwise be required in WAC 222-30.

The study only examines shade in relation to changing harvest conditions, and thus
informs only one of the five riparian functions, and not how shade changes over time.
May have less potential to inform model improvements then Alternative 2 by excluding
stand vertical structural assessments and not directly measuring light energy extinction.
Attempts to develop statistical models (relationships) between stand structures and
conditions may not be successful.

Relies on Ecology modelers, or a secondary process, to change the model.

11



120 ft

Figure 1. Draft Plan View of Site Layout for Alternative 1 and Alternative 2. Symbols represent locations for shade measurement
(blue hexagons capture the shade from the no-cut buffers alone and in combination with the thinning zones; yellow hexagons capture
the shade from only the thinning zones). Plots and sampling sites are spaced to minimize interference of plots on each other.6™
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6 The specific number and positions for monitoring shade may be adjusted based on the alternative selected and the need to quantify the increment of shade

produced by vegetation overhanging the stream.

7 The specific choices of no-cut buffer widths and thinning intensities to include in testing may be adjusted in the study design process. This could allow for

adjustments based on operational limitations to thinning or to allow new comparisons.
8 While not scoped in this study proposal, the final harvested condition of the three no-cut buffer widths left at each site could be re-measured over longer

time periods to assess recovery/response patterns.
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Figure 2. Example of the type of empirical results provided by Alternative 1 and Alternative 2.
Figure shows how shade changes with alterations in the width of a no-cut buffer left along a
stream adjacent to an overstocked riparian forest after thinning it to a target condition (adapted
from Park et al. 2008).
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Alternative 2:

This alternative would use the same field study design as Alternative 1, but would include
more direct measurements of canopy density and light extinction along with a broader range
of descriptive stand metrics that affect canopy density throughout a solar path over a single
day. In addition to providing the same empirical results as Alternative 1, this study would be
designed to: a) examine a greater range of stand characteristics that may correlate with stream
shade, and b) includes making refinements to the SHADE model that enhance its ability to
estimate shade response to prescription scenarios across a range of forest types in Washington.

This alternative would include all of the field metrics in Alternative 1 plus examine vertical
layering, and directly measure effects on radiant energy over the course of the day. This added
information would be used to support a more extensive analyses designed to identify and make
refinements to the SHADE model. It would also enhance our ability to classify treatment
responses on light attenuation based on differences in crown shape and understory vegetation.
Statistical models would be explored to help identify which stand characteristics can be used to
effectively predict stream shading. In addition, the model would be run in an exploratory fashion
to examine the effect of using different measures of canopy density (with extinction-on and off)
and to assess the best approach for accounting for overhanging branches on stream shade. If
stand type or other stand characteristics are found to predict riparian extinction coefficients,
recommendations for model refinement would be made.

Some benefits of the recommended approach include:
e All of the benefits of Alternative 1 plus:

o Examines a greater range of stand characteristics and stand-model relationships which
may be used to refine the SHADE model.

13



o Makes any refinements identified to the SHADE.xIs model.

Some limitations of the recommended approach include:
e All of the limitations of Alternative 1 plus:
o Higher costs due to the added complexity associated with the additional metrics,
analyses, and model refinement.
o No greater confidence that meaningful model refinements would be identified.

Alternative 3:

Conduct a two-phased study in which the first phase (described herein) would be focused on
identifying and making refinements to the shade model using data from existing RMZ’s
representing a range of forest types and harvest conditions, and the second phase would be to
test the validity of the model and any specific prescriptions of policy interest. The primary goal
of this alternative would be to refine the SHADE model so it can more accurately estimate shade
response to prescription scenarios across a range of forest types in Washington. This alternative
would include all of the field metrics in Alternative 2 but would not use replicated treatments,
and instead would attempt to find existing harvests that provide a wide range of stand conditions
for testing. We would be relying on the variability inherent in existing stands when developing
regression relationships that try to identify potential improvements to the SHADE.xIs model.
Based on the revised model created in Phase I, a recommendation would be made for a Phase I1
follow-up study to test the validity of the draft model refinements.

The primary goal of this alternative would be to identify potential refinements to the SHADE
model to increase its accuracy for estimating how shade responds to prescription scenarios. This
alternative would include all of the field metrics in Alternative 2. it would not, however, use
replicated treatments, and instead relies on the variability inherent in existing stands to help with
developing meaningful regression relationships for use in identifying potential improvements to
the SHADE.xIs model. Rather than selecting and testing buffer and thinning prescriptions
directly and using those experimental prescriptions to improve the SHADE.xIs model, this
alternative postpones (or potentially eliminates) model and prescription performance validation
work until after the SHADE.xIs model is refined using data collected across Washington. Once
the model is revised, it could then be used to test specific prescriptions policy-makers have
interest in, and which could be the focus of direct testing in a follow-up experimental field
validation study.

Some benefits of the recommended approach include:
o It does not require working with landowners to conduct coordinated harvests.
o A revised model may be more useful in allowing policy makers to identify prescriptions
of interest to test using experimental replication in the Phase Il field study.

Some limitations of the recommended approach include:
o As proposed this alternative would test fewer sites than the other alternatives, and would
have less ability to characterize within-stand variability, and would not directly assess
any specific treatment prescriptions.
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o Study would not produce an empirical data set that can directly inform policy makers on
buffer effectiveness. Instead, the benefits depend on identifying and making significant
improvements to the SHADE.xIs model.

o Estimated costs are only for Phase I, and to be of full value a second field study (Phase
I1) is expected to be needed to validate model revisions for the range of any alternative
prescriptions of policy interest.

Alternative 4:

Use a rigorous field study to firmly establish relationships between stream shade and existing
no-cut buffers widths across a range of forest types. This alternative would examine effective
shade provided to streams from un-thinned buffers of varying width retained by landowners after
harvest. The plots would be established in experimental blocks representing distinct forest types
across the state. SHADE model refinement is not a goal of this alternative, however, the data
from this alternative would provide more accurate stand-type-specific buffer conditions to use in
modeling.

Effective shade is a key variable which accounts for the portion of the sun’s energy that
contributes most to stream heating. This study is designed to provide a bare bones approach to
characterizing how effective shade varies across stand types and physiographic regions. By
collecting a minimal data set and using sites retained by landowners, this study would be less
costly than the other alternatives. The tradeoff is that it would provide less information on how
differences in stand structure affect shading, and less potential information to use to improve the
use of the SHADE.xIs model.

This study would use a stratified semi-random after-harvest design to sample a moderately large
number of sites across the state. Stream shade would be measured using HemiView
photographic analysis using the Sunmap method for measuring shade. The treatment bank
would be assigned a southerly aspect to reduce stream-orientation variability and standardize the
result.

At the conclusion of this study policy makers would, at a minimum, have information describing:

e The relationship between the change in stream shade and changes across a range of no-
cut buffer widths.

e The statistical strength of these relationships within and between forest types across the
study area (state or eastside).

e A table of values of tree height and effective shade that can be used as default stand-type-
explicit values for parameterizing the SHADE.xIs model.

Some benefits of the recommended approach include:
e Informative:
o Directly tests a key shade metric across a range of existing no-cut buffer widths.
¢ Informs policy makers on the consistency of the shade response to riparian
management across stand types and geographic regions in Washington.
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e Produces a table of forest-type specific riparian buffer characteristics that can be used
to parameterize the existing SHADE.xIs model.

Flexible:

o Can be done on one-sided no-entry RMZs left after an upland harvest.

o Small footprint and few site-screening criteria increase candidate sites.

o Treatments can be spaced out across years to fit budget and logistic limits.

Timely/Efficient:

o Least costly of the alternatives.

o Two sites can be monitored in a full day allowing 4-5 sites to be sampled each week.

o Sites do not need to be surveyed and marked prior to the study.

o The straight forward dataset would streamline analysis and report writing.

Minimal Landowner Commitment/Cost:

o Does not require landowners to alter harvest plans, set aside control sites, or provide
long-term access.

Some limitations of the recommended approach include:

The study would only examine shade in relation to changing harvest conditions, and thus
informs only one of the five riparian functions, and not how shade will change over time.
The study would not include most of the forest stand and shade metrics included with the
other alternatives.

May have less potential to inform model improvements then any of the other alternatives
and does not include the step of making such refinements.
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Table 1. Comparison of the Four Alternatives for the RCS Study Design.®

Characteristics

Alternative 1

Alternative 2

Alternative 3

Alternative 4

Stream &
Topography

Topographic shade angle
o Bank full width

o Bankslope & incision
Disturbance zone

RMZ hill slope

Stream Azimuth and
elevation

Same as Alternative 1

Same as Alternative 1

Same as Alternative 1

Riparian
Vegetation

TPA

BA

RD

QMD

Height

Live canopy ratio
Stand structure
Dominant Species

Same as Alternative 1

Same as Alternative 1

Dominant Species
Height

Coarse structure
(visual assessment)

Shade &
Cover

Effective Shade (stream
only)

Overhead canopy cover
and canopy closure
(stream and riparian
zones)

Estimated leaf area index

Same as Alternative 1 plus:
Direct measurement of
solar energy extinction
(radiometric)

Ground, mid layer, and
upper canopy overhead
cover and solar energy.

Same as Alternative 2

Effective Shade
(stream only)

Model Revision

Existing SHADE model
validation by block and
stand type using measured
overhead canopy closure
and height values by RMZ
zone.

Same as Alternative 1 plus:
Make model refinement
based on study results.

Same as Alternative 2

Existing SHADE
model validation by
block and stand type
effective shade over
stream.

9 This comparison provides general expectations of the scale and scope of this study. Specific sample sizes, sample parameters and study costs will be
determined in the study design phase.
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Identify key characteristics
affecting shade within
each forest type (e.g.,
height, density, width,
zones of disturbance,
overhang)

Outcome
Products

Empirically derived
stream shade values
associated with a range of
no-cut buffers widths and
RMZ thinning intensities
(presented in tabular and
equation form).

And evaluation of
differences in stream
shade by stand type across
region.

Identification of key
vegetation parameters
affecting shade

Field derived values of
overhead closure and
cover by zone (including
stream overhang) and tree
height that can be used to
more accurately
parameterize the existing
SHADE .xIs model by
stand type.

LAI measured by stand
type, and converted to
estimates of light
extinction coefficient to
use in refining the
SHADE .xls model.

Same as Alternative 1

Re