


Greta Smith, Mt. Baker District Ranger 
Mt. Baker Ranger District, Mt. Baker-Snoqualmie National Forest 
810 State Route 20 
Sedro-Woolley, WA 98284 
 
Re: Nooksack Vegetation Management Project  
 
Dear District Ranger Smith, 
 
On behalf of the Nooksack Indian Tribe, we respectfully submit these technical comments on the 
Environmental Assessment for the Nooksack Vegetation Management Project. During the Scoping phase 
for this project, the Nooksack Tribe expressed support for forest management to improve wildlife 
habitat and generate income to improve forest roads and fund habitat restoration projects as long as it 
was clear that the project would be adequately protecting our Treaty Resources. The USDA has a trust 
responsibility to protect these resources. Unfortunately, the detail needed to be able to assess the 
potential impacts of the proposal on Tribal Treaty Resources is lacking in the Environmental Assessment 
(EA). 
 
 It is critical that the proposal is consistent with the WRIA 1 Salmon Recovery Plan and meets Federal 
water quality regulations. We are concerned that the Forest is deferring the ESA consultation on the 
impacts to early chinook salmon, steelhead and bull trout until after the alternatives have been 
evaluated, with the assumption that subsequent ESA review will address any potential effects and that 
therefore there is no significant impact. The NF/MF early chinook population heavily uses the project 
area, particularly the North Fork Nooksack reach between Horseshoe Bend and Wells Creek and the 
alluvial fan of Canyon Creek. The project area contains the core of the ESA-listed Nooksack bulltrout 
population, which has the highest water quality and habitat requirements of the salmonids present in 
the watershed. Habitat degradation is the root cause of the decline of all three of these species and 
further habitat degradation due to land use is counter to recovery and de-listing (WRIA 1 Salmon 
Recovery Board 2005). 
 
We also see a general lack of consistency with the Memorandum of Agreement between the USDA 
Forest Service, Region 6 and the Washington Department of Ecology to meet Federal and State water 
quality laws. Lastly, the project should be consistent with regional and local climate change adaptation 
plans. Recent assessments of the status and trends of chinook habitat in the Nooksack Watershed shows 
that land use is continuing to degrade habitat conditions in the watershed (Northwest Indian Fish 
Commission 2020, Maudlin 2021). This proposal is a significant change from the existing Northwest 
Forest Plan, yet a comparison to the existing management scenario was not completed, making it very 
difficult to evaluate how the proposed alternatives would effect Treaty resources. 
 
It is clear from reading the EA, that the product was rushed and lacks a strong basis in the abundant 
literature on the effects of forest practices on natural and cultural resources. While we don’t expect an 
exhaustive analysis, we do expect the EA to address both the context and intensity of the expected 



impacts on tribal cultural and natural resources. We will focus these comments on the issues that we 
previously identified in the Scoping phase of the NEPA process that we feel received insufficient analysis 
in the EA for the project: 
 

• Effects of timber harvest on water quality and instream habitat. 
• Effects of timber harvest on stream flow. 
• Slope stability 
• Road construction and maintenance 
• Climate change  
• Administrative procedures 

 
Effects of timber harvest on water quality and instream habitat 
We are very concerned about the lack of detail provided on the extent and intensity of the thinning of 
the riparian reserve areas. Riparian reserves are specifically designated portions of the watershed most 
tightly coupled with streams and rivers that provide the ecological functions and processes necessary to 
create and maintain habitat for aquatic and riparian-dependent organisms over time, as well as habitat 
connectivity within and between watersheds (FEMAT 1993). The proposed thinning and gap cutting 
appears focused on meeting the stand characteristics and habitat values for terrestrial species and 
connectivity, but lacks a focus on maintaining water quality and habitat for the aquatic organisms 
associated with the riparian zone. Under the Northwest Forest Plan, the precautionary principle was 
invoked and managers are required to demonstrate that changes in management, like those proposed 
in this EA, would not compromise the established riparian management goals. 
 
The literature on the impacts of riparian thinning on habitat and water quality is limited, but indicate 
that the degree of thinning and gap cutting can have persistent negative impacts on streams. The EA 
cites removing conifers to allow hardwoods and brush to provide shade. These are shorter-lived species 
that cannot provide many of the riparian functions, such as large wood, needed for streams. The 
treatment needs to look at the variety of riparian functions described in the NW Forest Plan and ensure 
that these are not impaired. Riparian thinning can decrease shade and lead to an increase in water 
temperature (Roon 2021). Assessment of the current Washington Forest Practices Rules for stream 
buffering has shown significant and persistent impacts to temperature from management of non-fish 
bearing streams (McIntyre et al 2017). Temperature monitoring across forest lands in the Nooksack 
Watershed has shown the nearly every stream draining forest lands, including USFS lands, exceed the 
water quality standard (Nooksack Indian Tribe Natural Resources (NNR) 2018). Canyon Creek, where the 
majority of the timber harvest is proposed, does not meet the use-based water temperature standards 
adopted by the Department of Ecology in 2009 (Washington Department of Ecology (WDOE) 2006, NNR 
2012). Monitoring of other tributaries in the project area (Deadhorse, Glacier, Boyd, and Thompson 
creeks) showed continued water quality exceedances for temperature (NNR 2014, NNR 2018). 
 
Width of protective buffers – the EA states: “The North Fork Nooksack project would have no cut buffers 
of 100/30/15 feet to protect riparian vegetation and stream temperature” and “Water temperatures 



would not be directly affected by this project because shade producing vegetation would not be cut on 
streams and sediment delivery is not anticipated to influence channel geomorphology.” This claim 
cannot be substantiated. EPA’s South Fork Nooksack River Climate Change Pilot Research Project 
Qualitative Assessment demonstrated that current prescribed protective buffers do not provide 
effective temperature buffering against continued climate change. Buffer widths as assumed in this EA 
do not take this into consideration. 
 
“Minimum no cut distances of 100 feet to all fish-bearing streams and 30 feet from all non-fish bearing 
perennial streams and wet areas/seeps and 15 feet from all non-fish bearing intermittent streams as 
measured from the stream bank or back from the top of the slope break whichever is greater.”  The 
assumption that non-fish bearing streams need less heat loading protective buffers cannot be factually 
substantiated. It is just as important to fully buffer non-fish bearing streams as the same heat loading 
physics occur regardless of fish status. Any additional heat loading of a non-fish bearing stream due to 
smaller buffers would be translocated downstream to fish bearing streams adding to the cumulative 
impact of past, present, and reasonably future actions on stream temperature on fish bearing streams.  
 
In some cases, thinning altered habitat and water quality enough to affect associated aquatic 
populations (Olson and Burton 2014). As with any timber harvest, the changes will lead to ecological 
winners and losers (Spies et al. 2013). For example, assessing how the changes in standing dead wood 
through time in the riparian zone due to thinning effects riparian-dependent species and wood 
recruitment was not considered in the EA (Pollock and Beechie 2014). In the EA, the intensity of the 
thinning and the estimated areas of openings are not consistently described, but 30% retention is cited 
as an optimum standard. Since the impacts of riparian thinning requires a sites-specific approach, it is 
difficult to determine how these proposed alternatives would affect water quality and habitat in the 
Nooksack Watershed. If the project is pursued, then it will be important for the forest to develop a 
monitoring and adaptive management plan for the project to ensure that the benefits are being realized 
and there are no negative impacts to habitat or water quality. 
 
The no harvest buffers cited as mitigating measures for intermittent (15’) and perennial (30’) streams 
are noted as being supported in the literature without any citations. These buffer widths are counter the 
research that underpins the Northwest Forest Plan (FEMAT 1993) and recent assessments of riparian 
buffer widths relative to habitat and water quality functions (Sweeney and Groom 2014). While the 
original buffer width of two Site Potential Trees Heights was considered an interim measure to 
represent “de minimis” risk, much of the literature supports buffer widths based on the site potential 
tree height. For example, state forest practices rules relies on site potential tree height to define the 
riparian zone, with management allowed in the outer zones of the riparian area (Washington 
Administrative Code (WAC) 222). Recently, the Washington State Governor acknowledged the 
importance of site potential riparian buffers when meeting with Treaty Tribes as a part of the Centennial 
Accord. The WRIA 1 Salmon Recovery Plan and Habitat Strategy prescribes site potential buffers for 
streams that include a consideration of the channel migration zone (WRIA Salmon Recovery Board 
2005). We strongly recommend that management of the riparian reserve area retain a site potential 



tree height buffer on the channel to maintain the habitat functions described in the Northwest Forest 
Plan (FEMAT 1993). 
 
The proposed buffering of fish-bearing streams presented in the EA does not mention including an 
erosion hazard area into the buffering, which could allow rapidly migrating channels like the North Fork 
Nooksack and Glacier Creek to quickly erode the relatively narrow buffer areas. Identifying the channel 
migration potential is a key first step in identifying where to apply the stream buffer (Olson et al 2014). 
This is also consistent with how riparian buffers are delineated under Washington State Forest Practices 
Rules, which uses expected migration over 140 years (riparian forest age for Desired Future Conditions) 
to delineate the erosion hazard area (Forest Practices Board 2004). Riparian buffering for this proposal 
needs to include a channel migration assessment for larger channels and should not be measured from 
the top of the bank as proposed in the EA. 
 
Basing the buffer width on the fish distribution and periodicity of flow is a similar approach to the state 
forest practices rules (WAC 222), although the EA uses documented presence to assess the potential 
impact of the alternatives on fish indicator species, rather than a physical characteristics of fish habitat. 
Given the poor status of many of our salmonid stocks and the presence of artificial barriers, the state 
rules include a definition of fish habitat based on stream gradient (<20%) and width (>2’) to define areas 
that are fish habitat and includes “potentially recoverable” habitat. It is critical that any assessment of 
the impacts of the proposal include an assessment of the impact on fish habitat, not just the known 
distribution of indicators species, which likely greatly underestimates the length of habitat. Using 
periodicity of streamflow to define the required buffer width has also been a challenge. The EA does not 
define what an intermittent stream is or how it can be distinguished in the field. Studies of the initiation 
of perennial flow associated with state forest practices have shown that perennial flow is driven by 
groundwater emergence and is generally associated with the head of the channel. In 75% of the more 
than 200 sites, the length of seasonal flow was less than 30 m of channel length (Pleus et al. 2003). 
Without an estimate of the extent of different channel types and the extent of fish habitat, it is 
impossible to assess the level of impact of the alternatives on aquatic resources and water quality. We 
do not support management within the recommended site potential buffer, but if the Forest proceeds 
with an approach based on stream typing then it is important to adopt a definition of physical habitat 
criteria to define fish habitat and define the distinction between intermittent and perennial streams.  
 
Effects of timber harvest on streamflow  
Desired conditions described for both Late Successional and Matrix management areas do not include 
objectives for watershed health and watershed processes related to a more natural hydrograph in 
regard to reduced winter peak flows and increased summer low flows. The EA does not include relevant 
contemporary scientific research and literature on the impact of timber harvest on streamflow.  
 
Excerpts from Morgan and Krosby (2020) (text prepared by O. Grah 2020): 
 

Streamflow is a function of climate, topography, geology, soils, and vegetation cover of the 
watershed. Since the late 1800s, the effect of watershed vegetation cover on streamflow has 



been intensively investigated (Burt et al. 2015). Studies have shown that forest harvest 
influences streamflow timing and magnitude. The removal of forest cover over portions of a 
watershed has been shown to increase annual water yield from a watershed, which may be 
beneficial to water supply, particularly if there is a storage reservoir to capture and hold water 
for release during dry periods. However, the effect of vegetation manipulation on the timing of 
runoff is not as well studied.  
 
In the Pacific Northwest, streamflow is lowest between August and September, when most 
snow has melted, there is little rainfall, and temperatures are the highest. These summer low 
flow periods coincide with greatest demand for out-of-stream water uses (e.g., agriculture, 
industrial, commercial, residential, etc.) and instream uses (e.g., riparian maintenance, fish 
habitat, fish survival, etc.). 
 
Recent research has highlighted the influence of forest harvest on late-summer streamflow. 
Perry and Jones (2016), Burt et al. (2015), and more recently Segura et al. (2020) found that 
streams flowing from watersheds covered by young (< 60 years old) regenerating stands had up 
to a 50% reduction in late summer flows compared to adjacent watersheds covered by mature, 
old growth stands dominated by Douglas-fir on the western slope of the central Cascades and 
Coast Range of Oregon. Furthermore, reductions in late summer streamflow caused by forest 
harvest were found to persist for up to 50 years without evidence of recovery to pre-harvest 
flows. This difference in streamflow was attributed to differences in transpiration rates of young 
regenerating forests compared to older mature and old growth stands. Younger regenerating 
trees have higher transpiration rates than mature and older stands. This interpretation is based 
on research completed by Moore et. al. (2004), which found that such transpiration rates can be 
three times greater in young regenerating stands compared to mature and old growth stands. 

 
Applying these research findings to the Nooksack River watershed suggests that the extensive forest 
harvest could result in a substantial reduction in late summer streamflow. Because the cited research 
was conducted on the west slope of the Oregon Cascades, it is uncertain if the same influences of forest 
harvest on late summer streamflow in the Nooksack River watershed occur. The Tribe has recently 
initiated a research project to test the hypothesis that stand age and forest harvest have an influence on 
late summer streamflow in the Nooksack River watershed. Combining this reduction in streamflow with 
the observed and projected impacts of climate change could result in substantial cumulative impacts on 
streamflow’s. Modifying forest practices in the watershed to preserve and protect old growth and 
mature stands and extend the harvest rotation age from the current practice of 35- 40 years to 80 years 
or longer could be a voluntary climate adaptation strategy that addresses the impact of declining 
summer and early fall streamflow. 
 
Under sediment delivery, no direct reference to altered hydrograph due to the either proposed action 
alternatives and there is no scientific basis for conclusion: “There is little potential for the proposed 
action alternative to adversely affect the geomorphic, hydrologic, or riparian characteristics and aquatic 



habitats in affected watersheds. This is due to the limitations imposed on operations within Riparian 
Reserves, No-Cut Stream Buffers, and use of activity-specific BMP’s.”  
 
Under stream temperature, the statement “As discussed above, sediment production from the project is 
anticipated to be within the natural variabiltiy (sic) of the North Fork Nooksack project and would not 
cause changes to channel geomorphology. Thus, any sediment delivery as a result of this project is not 
anticipated to have any effect on temperature through geomorphic influences.” This assumes there 
would be no alteration of the hydrograph due to the proposed action, which there is no discussion 
addressing this issue. The project could cause reduced summer low flows, which would functionally 
increase temperature loading. The EA assumes that the only mechanism of temperature changes is 
related to sediment dynamics, which does not consider changes to the hydrograph. 
 
The proposed actions and the EA do not consider contemporary relevant studies and literature on the 
use of gap cuts to facilitate snow accumulation and late season melt as a means to offset current water 
supply deficiencies and to offset the impacts of future climate change on the NFNR. This is a deficiency 
in the EA. 
 
Slope stability 
The EA addresses slope stability, but bases the analysis on the planning-level work in the 1970 Soil 
Resource Inventory (Synder and Wade 1970). While this report was intended for planning level 
assessment for timber harvest, it is inadequate to identify areas of potential slope instability. The EA 
states that the project “is generally limited to areas assessed as moderate to good natural stability and 
low to moderately increased mass wasting due to human activity”, but the underlying data used to 
identify these areas is not at the appropriate scale and was not designed for shallow landslide 
susceptibility mapping. It is critical for the forest to adopt a system of landform mapping that identifies 
areas of potential hazard, similar to the approach taken in the state forest practices rules. Those rules 
use Rule-Identified Landforms based on slope characteristics (gradient, slope form) that have been 
shown through decades of landslide inventory work across the state to be more commonly associated 
with slope failures. With the projected increasing precipitation from climate change, it is possible that 
these landforms will be more susceptible to failure in the future (Knapp 2018, Brayfield 2013). 
 
A raster-based model of landslide hazard (SLPSTAB) was developed in the mid-1990s that broadly 
captures these features and is freely available for the project area (Shaw and Johnson 1995). Using these 
tools, inner gorges and bedrock hollows can be readily identified as high hazard features and compared 
to the proposed harvest areas. With recent lidar data available for the project area, high resolution 
hazard screening can be done efficiently and accurately. The Washington Geologic Survey and others 
have developed hazard screening tools that can be used to identify hazardous landforms for 
environmental planning (i.e. Burns et al. 2012). These tools are widely available and represent the best 
available science for landslide hazard identification. While research shows that the landforms adopted 
by the state do not capture all of the landforms commonly associated with shallow landslides (Stewart 
et al. 2013), we have seen evidence that the unstable slopes rules have likely led to a decrease in 
shallow landslides through time (Powell et al. 2010, Veldhuisen 2018).  



 
The EA mentions several deep-seated landslides in the Canyon Creek drainage and identifies two as 
known active deep-seated landslides. Deep-seated landslide mapping for the proposal area was 
completed in 2020 and mapped 70 deep-seated landslides just within the Canyon Creek drainage 
(Mickelson et al. 2020). Potential harvest units in other portions of the project area are also underlain by 
deep-seated landslides. These areas are likely at a higher risk of shallow slope failures, as is mentioned 
in the EA, but there is also the potential for reactivation of dormant landslides from forest management 
due to changes hydrology or driving and resisting forces (Miller 2016, Miller 2017). While the EA cites 
the importance of rooting strength for slope stability, this is not the case for deep-seated failures, which 
have shear zones well below the rooting depth. It is likely true that thinning maintains more of the live 
root structure and results in less groundwater recharge than a clear cut (which is also proposed under 
Alternative 1), the effect is likely related to density of the thinning and the soil properties. Deep-seated 
landslides require careful assessment by qualified experts to determine their activity level and how 
changes in groundwater recharge associated with timber harvest and loading and undercutting of the 
slope associated with road construction can affect stability. 
 
The general conclusion of the EA that vegetation management activities “would likely cause a short-
term increase in surface erosion and mass wasting” and “may cause a short-term increase in the 
incidence of debris dams and breach floods in Canyon Creek” is counter to Clean Water Act 
requirements. Sediment delivery from management is unacceptable. Salmon recovery partners and 
flood managers have spent more than $6.5 million mitigating the impacts of past slope instability in the 
Canyon Creek watershed by acquiring properties at risk from debris floods and building logjams to 
enhance habitat and a levee to protect remaining homes and the Mount Baker Highway. This has 
historically been a core area for ESA-listed chinook spawning and channel instability related to landslides 
and debris floods has been a key limitation to use. 
 
Road construction and maintenance 
The EA does not address the actual impacts of the project on the existing road system, but rather defers 
road improvement and maintenance to the implementation the Nooksack Access and Travel 
Management (ATM) Plan (USFS 2016). That plan was completed several years ago and there has been 
no progress implementing the prescriptions. It cannot be assumed that the Legacy Roads program will 
be sufficient to address the impacts of timber haul on the existing roads and the economics of thinning 
likely will not generate enough income to fully implement the plan. Roads that will be used as a part of 
this project will need to be brought up to a standard prior to harvest, including Best Management 
Practices such as road surfacing, road drainage, and adequate culvert sizing, all of which are critical to 
reducing surface erosion during timber haul (Dubé et al. 2010). Without any progress on implementing 
the ATM, the road improvement work needs to be tied to the alternatives and the potential impacts of 
haul and road development analyzed.  
 
Surface erosion from forest roads relates to a variety of factors, including the underlying geology, road 
surface material, road gradient and proximity to streams. The EA relies on changes in road density as an 
indicator of the impacts of roads on aquatic resources. A statewide study of road maintenance found 



that there are likely locations with higher hydrologic connectivity or sediment input that are driving 
sediment delivery rather than the overall road length in the watershed (Dubé et al. 2010). That study 
also found that many of the roads surveyed showed a decrease in sediment inputs as they are brought 
up to standard as a part of the Road Maintenance and Abandonment Planning (RMAP) effort. The RMAP 
program has also been cited as a key reason for the reduced the number of road failures observed in the 
last decade (Powell et al. 2010, Veldhuisen 2018). This further supports the need to bring roads up to a 
similar standard as that used under the state Forest Practices Rules before using them for haul, as 
Region 6 committed to do (and has not done) in 2000 (USFS-WDOE 2000). The forest should further 
consider the expected increase in peak flow from climate change when assessing road drainage (Wilhere 
et al. 2016).  
 
Climate change 
 There is no reference to watershed-specific climate change impacts, vulnerability, and/or adaptation 
strategies developed by the Nooksack Indian Tribe through collaboration with Natural Systems Design 
(Dickerson-Lange et al., 2017), WWU (Murphy 2015), UW, and CIG. The Nooksack Indian Tribe has 
conducted substantive DHSVM hydrology modeling to forecast the likely impact of future climate 
change on the hydrology of the North Fork Nooksack River, yet the EA makes no reference to that work. 
As such, the Forest did not take all relevant information into account in the preparation of this EA. 
However, good background references were cited, but not to the specific work in the North Fork 
Nooksack watershed. This work was brought to Forest Service’s attention at the 2017 meeting. Further, 
Forest Service staff participated in our climate change project and the CIG-lead climate change 
vulnerability assessment and adaptation planning projects, yet there is no reference to this work. 
 
Administrative procedures 
It appears that this EA was prepared in haste and a technical edit was not accomplished given the 
confusing format and numerous miss-spellings and formatting errors. It also appears that due to 
compressed timeframe for the analysis there was a lack of consultation with state and local agencies, 
such as WA Depts. Of Ecology and DNR and Whatcom County. Even though the proposed action is likely 
exempt from regulatory programs implemented by these agencies, they still can provide important 
resource protection information to the EA process. 
 
A “No Action” alternative not addressed as required by NEPA, even for EA’s. Unless it is a categorial 
Exclusion, NEPA analyses shall “include the alternative of no action” (40 CFR 1502.14). No Action for this 
proposed action should consider both continue-the-activity-without-modification (continue) and 
discontinue-the-ongoing-activity (discontinue) versions of the no-action alternative should be analyzed. 
The Nooksack Indian Tribe believes the Forest did not implement effective consultation. We met with 
the Forest in 2017 prior to initiating scoping. We offered to provide assistance in their technical analyses 
by sharing data, analyses, and reports relevant to the proposed actions as well as periodic informal 
meetings to get status updates. We had several follow-up meetings that included a discussion of the 
project, but there was no attempt by the Forest to involve the tribe or to coordinate on the analysis. 
 



In conclusion, the EA has done a poor job of analyzing the potential impact to Treaty Resources. There is 
no comparison to the current management scenario (a No Action Alternative), so it is difficult to assess 
the potential impacts of either proposed Alternative. In many places the conclusions are contradictory, 
such as citing a likely increase in mass wasting to channels in the Soils section and reduction in mass 
wasting in the Fisheries section. The EA also does a poor job of describing the uncertainty in the 
potential outcomes of the projects, rather glossing over potential negative impacts and relying on 
general statements about the benefits of the project. The EA also relies on the implementation of 
existing unfunded projects, like the Nooksack ATM, or future ESA consultation to mitigate many of the 
expected impacts of the project. It is just not clear in the EA why the agency thinks the impacts will not 
be significant. 
 
In meetings between the Nooksack Natural and Cultural Resources Department and staff with the 
Mount Baker District, we expressed general support for the idea of more active forest management 
along with the need for a thorough assessment of the potential impacts to treaty resources. We asked 
during our annual meetings and in the Scoping phase for the Forest Service to work with us on a process 
that will allow meaningful tribal review of individual harvest units, but that has yet to occur. We also 
asked that the forest identify salmon recovery actions and specific road improvements that could be 
implemented as projects as a part of the plan, but those were also not included. Several projects that 
were presented in the Scoping phase that could have benefited treaty resources were dropped from the 
project. We recommended the Forest pursue Stewardship Contracting authorities as a means to retain 
revenue on the forest and target these priority actions, but have not heard if the forest plans to pursue 
that approach. This EA just does not meet our expectation and we look forward to working further with 
the Forest to develop a plan that meets the goals for forest management while ensuring protection of 
tribal Treaty rights. 
 
Respectfully, 
 
Michael Maudlin, Forest and Fish Specialist 
 
Oliver Grah, Water Resources Manager 
 
Natural and Cultural Resources Department  
Nooksack Indian Tribe 
Deming, WA 
 
References 
Brayfield, B.M. 2013. Modeling slope failure in the Jones Creek watershed, Acme, Washington. A thesis 

presented to the faculty of Western Washington University. 151 pp. 
Burns, W.J., I.P. Madin and K.A. Mickelson. 2012. Protocol for shallow-landslide susceptibility mapping. 

Oregon Dept. of Geology and Mineral Industries. Special Paper 45. 



Burt, T., N. Howden, J. McDonnell, J. Jones, and G. Hancock. 2015. Seeing the climate through the trees: 
observing climate and forestry impacts on streamflow using a 60-year record. Hydrologic Process 
29,473-480.  

Dickerson‐Lange, S., R.F. Gersonde, J.A. Hubbart, T.E. Link, A.W. Nolin, G.H. Perry, T.R. Roth, N.E. 
Wayand, and J.D. Lundquist, 2017. Snow disappearance timing is dominated by forest effects on 
snow accumulation in warm winter climates of the Pacific Northwest, United States. Hydrological 
Processes. 2017;1–17. 

Dubé, K., A. Shelly, J. Black, and K. Kuzis. 2010. Washington road sub-basin scale effectiveness 
monitoring first sampling event (2006-2008) report. Cooperative Monitoring, Evaluation and 
Research Report CMER 08-801. Washington Department of Natural Resources. Olympia, 
Washington. 

Environmental Protection Agency (EPA). 2016. Qualitative Assessment: Evaluating the Impacts of 
Climate Change on Endangered Species Act Recovery Actions for the South Fork Nooksack River, 
WA. EPA/600/R-16/153. Western Ecology Division, National Health and Environmental Effects 
Research Laboratory, Corvallis, OR. 

FEMAT. 1993. Forest Ecosystem Management: An ecological economic and social assessment. Report of 
the Forest Ecosystem Management Assessment Team (FEMAT). 1993-793-071. Washington DC. 
GPO. 

Knapp, K. 2018. The Effects of Forecasted Climate Change on Mass Wasting Susceptibility in the 
Nooksack River Basin. M.S. Thesis, WWU Graduate School Collection. 807.  Bellingham, WA. 58pp. 

Maudlin, M. 2021. Summary of Habitat Status and Trends Indicators and Habitat Goals. WRIA 1 
Nooksack Salmon Chapter Update. 

McIntyre, A.P., M.P. Hayes, W.J. Ehinger, S. Estrella, D. Schuett-Hames and T. Quinn (technical 
coordinators). 2017. Effectiveness of Experimental Riparian Buffers on Perennial Non-fish-bearing 
Streams on Competent Lithologies in Western Washington. Cooperative Monitoring Evaluation and 
Research Report CMER XX-XXX, Washington State Forest Practices Adaptive Management Program, 
Washington Department of Natural Resources, Olympia, WA. 

Mickelson, K. A.; Contreras, T. A.; Gallin, W. N.; Jacobacci, K. E.; Slaughter, S. L. 2020. Landslide inventory 
of western Whatcom County, Washington: Washington Geological Survey Report of Investigations 
42, 7 p. text, with an accompanying ESRI file geodatabase. 

Miller, D. 2016. Literature synthesis of the effects of forest practices on glacial deep-seated landslides 
and groundwater recharge. Prepared for the Upslope Processes Scientific Advisory Group, 
Cooperative Monitoring, Evaluation and Research Committee. 

Miller, D. 2017. Literature synthesis of the effects of forest practices on non-glacial deep-seated 
landslides and groundwater recharge. Prepared for the Upslope Processes Scientific Advisory Group, 
Cooperative Monitoring, Evaluation and Research Committee. 

Moore, G, B. Bond, J. Jones, N. Phillips and F. Meinzer. 2004. Structural and compositional controls on 
transpiration in 40- and 450year-old riparian forests in western Oregon, USA. Tree Physiology 24, 
481–491.  

Morgan, H., and M. Krosby. 2020. Nooksack Indian Tribe Climate Change Adaptation Plan. A 
collaboration of University of Washington Climate Impacts Group and Nooksack Indian Tribe Natural 
and Cultural Resource Department. 



Murphy, R. 2015. Modeling the Effects of Forecasted Climate Change and Glacier Recession on Late 
Summer Streamflow in the Upper Nooksack River Basin. Thesis for the Master of Science Degree, 
Department of Geology, Western Washington University, Bellingham, Washington. 

Nooksack Natural Resources. 2012.  Nooksack River watershed water temperature monitoring program: 
2009 data. March 2012. Nooksack Tribe, Natural Resources Department. Deming, WA. 189 pp. 

Nooksack Natural Resources. 2014. Nooksack River watershed water temperature monitoring program: 
2014. December 2014. Nooksack Tribe, Natural Resources Department. Deming, WA. 78 pp. 

Nooksack Natural Resources. 2018. Nooksack River Watershed Water Temperature Assessment Report. 
Deming WA. 104 pp. 

Northwest Indian Fish Commission. 2020. 2020 State of Our Watersheds: A report by the Treaty Tribes in 
Western Washington. 

Olson, D.H. and J.I. Burton. 2014. Near-term Effects of Repeated-Thinning with Riparian Buffers on 
Headwater Stream Vertebrates and Habitats in Oregon, USA. Forests 2014, 5, 2703-2729; 
doi:10.3390/f5112703. 

Olson, P.L., N.T. Legg, T.B. Abbe, M.A. Reinhart, J.K. Radloff. 2014. A methodology for delineating 
planning-level channel migration zones. Washington Department of Ecology Publication no. 14-06-
025. 

Perry, T.D., and J.A. Jones. 2016. Summer streamflow deficits from regenerating Douglas-fir forest in the 
Pacific Northwest, USA. Ecohydrology 2016:1-13. DOI 10.1002/eco.1790.  

Pleus, A. and P. Goodman. 2003. Type N Stream Demarcation Study: 2002 tribal perennial stream survey 
data collection using CMER methods. November 2003. 

Pollock, M.M. and T. Beechie. 2014. Does Riparian Forest Restoration Thinning Enhance Biodiversity? 
The Ecological Importance of Large Wood. Journal of the American Water Resources Association 
(JAWRA) 50(3). DOI:10.1111/jawr.12206. 

Powell, J., L. Lingley, G. Anderson. 2010. Reconnaissance study of landslides related to the January 2009 
storm in the Acme Watershed. Washington Department of Natural Resources. 46 pp. 

Reeves, G.H., D.H. Olson, S.M. Wondzell, P.A. Bisson, S. Gordon, S.A. Miller, J.W. Long and M.J. Furniss. 
2018. Chapter 7: The Aquatic Conservation Strategy of the Northwest Forest Plan- A Review of the 
Relevant Science After 23 Years. In: Spies, T.A.; Stine, P.A.; Gravenmier, R.; Long, J.W.; Reilly, M.J., 
tech. coords. 2018. Synthesis of science to inform land management within the Northwest Forest 
Plan area. Gen. Tech. Rep. PNW-GTR-966. Portland, OR: U.S. Department of Agriculture, Forest 
Service, Pacific Northwest Research Station. 1020 p. 3 vol 

Roon D.A., Dunham J.B., and J.D. Groom. 2021. Shade, light, and stream temperature responses to 
riparian thinning in second-growth redwood forests of northern California. PLoS ONE 16(2): 
e0246822. https://doi.org/10.1371/journal.pone.0246822 

Segura, C., K. Bladon, J. Hatten, J. Jones, C. Hale, and G. Ice. 2020. Long-term effects of forest harvesting 
on summer low flow deficits in the Coast Range of Oregon. Journal of Hydrology Volume 585, June 
2020, 124749.  

Shaw, S.C. and Johnson, D.A. 1995. Slope Morphology Model Derived from Digital Elevation Data, in 
Proceedings,1995 Northwest Arc/Info Users Conference, Coeur d'Alene, Idaho, Oct. 23-25, 13p. 
SHALSTAB: Montgomery, D.R. and Dietrich, W.E., 1994, A Physically Based Model for the 
Topographic Control on Shallow Landsliding, Water Resources Research, Vol. 30, No. 4, p. 1153-117 



Spies, T, M. Pollock, G. Reeves and T. Beechie. 2013. Effects of Riparian Thinning on Wood Recruitment: 
A Scientific Synthesis. Science Review Team Wood Recruitment Subgroup. 

Stewart, G., Dieu, J., Phillips, J., O’Connor, M., Veldhuisen C. 2013. The Mass Wasting Effectiveness 
Monitoring Project: An examination of the landslide response to the December 2007 storm in 
Southwestern Washington; Cooperative Monitoring, Evaluation and Research Report CMER 08- 802; 
Washington Department of Natural Resources, Olympia, WA. 

Sweeney, B.W. and J.D. Newbold. 2014. Streamside Forest Buffer Width Needed to Protect Stream 
Water Quality, Habitat, and Organisms: A Literature Review. Journal of the American Water 
Resources Association (JAWRA) 50(3): 560-584. DOI:10.1111/jawr.12203. 

U.S. Forest Service. 2016. North Fork Nooksack access and travel management project environmental 
assessment. Mt. Baker Ranger District. July 2016. 155pp. 

U.S. Forest Service and WDOE. 2000. Memorandum of Agreement between the USDA Forest Service, 
Region 6 and the Washington State Department of Ecology for Meeting Responsibilities Under 
Federal and State Water Quality Laws. 

Veldhuisen, C.N. 2018. Temporal trends and potential contributing factors to shallow landslide rates in 
timberlands of the Skagit River basin, Washington. Skagit River Systems Cooperative, La Conner, 
WA. 19 pp. 

Washington Department of Ecology. 2006. Water Quality Standards for Surface Waters of the State for 
Surface Waters of the State of Washington, Chapter 173-201A WAS. Publication# 06-10-091. 
December 2006. Water Quality Program, Department of Ecology, Olympia, WA.  

Washington Forest Practices Board. 2004. Forest Practices Board Manual. May 2016 revision. 
Wilhere G., J. Atha, T. Quinn, L. Helbrecht and I. Tohver. 2016. Incorporating climate change into the 

design of water crossing structures. Final project report, September 2016. Washington Department 
of Fish and Wildlife Habitat Program- Science Division. 49 pp. 

WRIA 1 Salmon Recovery Board. 2005. WRIA 1 Salmonid Recovery Plan. 


	sharp-NR_20210402_143736
	Technical Addedum

