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and/or “fern people.”
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• Under the Treaty of Point Elliot, the Tribe 
may have given up some rights to land, 
but not to resources within their 
U and A area.

• U and A area extends throughout the 
Nooksack and Samish River watersheds.

• From International border south to 
Padilla Bay.

• 720,000 acres of freshwater watersheds.
• 428 miles of marine shoreline.
• Northern Puget Sound.
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subsistence, and commercial uses.
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• Climate change impacts will cumulatively add 
to legacy impacts of altered stream flows 
and temperature. 

• Huge efforts are directed towards 
in-stream restoration to enhance salmon 
recovery in response to legacy impacts.
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• Other watershed restoration actions will be 
necessary to ensure persistence and 
continued recovery of Pacific salmon.

• The Tribe has initiated a climate change 
project aimed at evaluating the impacts 
of climate change on the hydrology of 
the Nooksack River and salmon survival.

• This information is needed to plan for 
effective habitat restoration measures 
that address the additional stresses of 
future climate change. 

BACKGROUND – NOOKSACK INDIAN TRIBE







Today, native salmonid runs are less than 8 % 
of the runs in the late 1800’s.
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Nooksack Indian Tribe 
Climate Change Project

Original project:
• Small EPA-PPG work plan component 

in FY2010
• Literature review on glacier ablation
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Attributes of Tribe’s Overall Climate Change Project:

• Baseline Stream Temperature or Status and Trends 
Monitoring.

• Climate Change Stream Temperature Modeling.
• Glacier Ablation Field Studies and Modeling.
• Modeling of Hydrologic Change.
• Stream Temperature.
• Tributary Discharge Measurements, Including Low-Flow
• Evaluating Sediment Dynamics.
• GW Modeling.
• Climate Change Impacts Analysis.
• Vulnerability Assessment for Salmon.
• Adaptation planning:
• Salmon Habitat Restoration Effectiveness 

Evaluation and Planning.
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Current project will not address:

• Sea level rise
• Marine impacts
• Shoreline – shellfish
• Upland resources



Address Water Resource Management 
And Salmon Recovery Issues in WRIA1 
of Interest to All Stake Holders.
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Legacy Impacts:

• Adverse impacts on natural systems that exist today 
caused by past land management

• Planning for climate change involves addressing the 
cumulative impact of both legacy impacts 
and climate change impacts.
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Legacy Impacts:

• Intensive and extensive timber harvest – altered hydrology
• Unstable forest roads – channel blockages
• Landslides and debris flows – channel clogging
• Loss of stream buffers – increased heat loading
• Agriculture – loss of shading, exposed ground
• Transportation infrastructure – highways and railroads
• Development – impervious surfaces
• Flood control – constricts channels and separates channels 

from their floodplains
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Huge adverse 

impacts on fish
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IMPACTS:

• Increasing air temperatures, 3-4oC
• Changes in annual and seasonal precipitation and types 

of precipitation, -10%
• Increased frequency of rain-on-snow events
• Declining snow packs, -40%

• Depth
• area

• Most glaciers in the North Cascade Mountains will disappear.
• Altered Hydrograph:

• -40% in summer
• +30% in winter
• Narrower hydrograph base
• Higher peaks





IMPACTS:

• Change in sediment loading and transport dynamics, 
likely an increase.



IMPACTS:

• Change in sediment loading and transport dynamics, 
likely an increase.

• Increasing summer water temperatures, 2-3o C



0

2

4

6

8

10

12

14

16

18

20

22

24

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Average Temperature (deg C) 
Scenario: hadgem1_A1B (high impact scenario)

Historical

2020s

2040s

2080s

Tetra Tech 2014

7o C increase

South Fork Nooksack River



IMPACTS:

• Change in sediment loading and transport dynamics, 
likely an increase.

• Increasing summer water temperatures, 2-3o C
• Decreasing spring water temperatures



IMPACTS:

• Change in sediment loading and transport dynamics, 
likely an increase.

• Increasing summer water temperatures, 2-3o C
• Decreasing spring water temperatures
• On top of legacy impacts, which are likely of greater 

magnitude than climate change impacts
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• Altered snow accumulation/melt
• Altered hydrographs
• Altered precipitation dynamics
• Altered sediment dynamics
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• Flood frequency and magnitude
• Sediment dynamics

• Altered landslide frequency and magnitude
• Load and transport
• Altered channel morphology and bed
• Infrastructure damage
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Fish habitat and survival:

• Altered hydrology – peak flow; flood; low flow
• Water temperatures – increase summer, fall, winter

decrease spring
• Altered bed material – size and clogging
• Reduced habitat availability and quality
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Vulnerability Assessment:
• Altered flow regimes, higher peak flows, flood, 

lower critical season flows.
• Warmer stream temperatures during critical times
• An increase in the sedimentation of river and stream 

beds. 
• Such sedimentation is likely to reduce the amount of 

gravel substrate available for spawning
• Reduced available habitat 
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Vulnerability Assessment:

• Temperature related physiologic stress and 
pathologies

• Reduced reproductive success
• Shift in species composition
• Out-migration, in-migration of different species
• Invasion of non-native fish
• Impacts on existing recovery actions and habitat 

restoration plans
• All lifestages of the nine species of Pacific salmon 

will be adversely impacted
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• Watershed recovery from legacy impacts
• Adaptive management
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• Watershed recovery from legacy impacts
• Adaptive management
• Re-prioritize actions – 10-yr plan

Adaptation Planning:





What does this mean for
salmon recovery and habitat 
restoration?



• An effective assessment of hydrology of the system 
necessary to plan salmon habitat restoration.



• An effective assessment of hydrology of the system 
necessary to plan salmon habitat restoration.

• Climate change will result in changes to that hydrology.



• An effective assessment of hydrology of the system 
necessary to plan salmon habitat restoration.

• Climate change will result in changes to that hydrology.

• An effective restoration program needs to be modified in 
order to address the altered hydrology.
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In combination with ELJs, the most effective 
restoration actions include:

• Reconnection of floodplains

• Relocation of flood control berms, dikes, and 
transportation structures

• Vertical reconnection, e.g., hyporheic flow 
and GW input

• Wetlands restoration

• Riparian planting



• Most of these effective measures need to address 
altered hydrology due to climate change to be 
effective in the future.
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• North Fork- 727 km2 -glacier area 23.9 km2

• Substantial glacier area-Coleman, Roosevelt, Mazama, Heliotrope, Sholes, 
Hadley, Bastille

• Middle Fork-190 km2-glacier area 6.7 km2

• Moderate glacier area- Deming, Thunder, Twin Sisters

• South Fork –272 km2 - glacier area  0.1 km2

• Minimal Glacier area and lower mean elevation 

Nooksack River Basin



Field studies























Glacier and Snow Areal Extent

















Some recent observations/findings:



Some recent observations/findings:

Glaciers:



Some recent observations/findings:

Glaciers:
• Substantial recession on all glaciers from 

conclusion of Little Ice Age about 1890



Some recent observations/findings:

Glaciers:
• Substantial recession on all glaciers from 

conclusion of Little Ice Age about 1890
• 1000 to 1600 ft recession of valley glaciers since 

1979



Some recent observations/findings:

Glaciers:
• Substantial recession on all glaciers from 

conclusion of Little Ice Age about 1890
• 1000 to 1600 ft recession of valley glaciers since 

1979
• 600 to 800 ft recession of hanging glaciers



Some recent observations/findings:

Glaciers:
• Substantial recession on all glaciers from 

conclusion of Little Ice Age about 1890
• 1000 to 1600 ft recession of valley glaciers since 

1979
• 600 to 800 ft recession of hanging glaciers
• Steady decline in glacier mass balance 

(statistically)



Some recent observations/findings:

Glaciers:
• Substantial recession on all glaciers from 

conclusion of Little Ice Age about 1890
• 1000 to 1600 ft recession of valley glaciers since 

1979
• 600 to 800 ft recession of hanging glaciers
• Steady decline in glacier mass balance 

(statistically)
• 10 percent reduction in glacier area since 1984



Some recent observations/findings:

Glaciers:
• Substantial recession on all glaciers from 

conclusion of Little Ice Age about 1890
• 1000 to 1600 ft recession of valley glaciers since 

1979
• 600 to 800 ft recession of hanging glaciers
• Steady decline in glacier mass balance 

(statistically)
• 10 percent reduction in glacier area since 1984
• Trends will continue



Some recent observations/findings:

Glaciers:
• Substantial recession on all glaciers from 

conclusion of Little Ice Age about 1890
• 1000 to 1600 ft recession of valley glaciers since 

1979
• 600 to 800 ft recession of hanging glaciers
• Steady decline in glacier mass balance 

(statistically)
• 10 percent reduction in glacier area since 1984
• Trends will continue
• Most low to mid-elevation glaciers will disappear
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Some recent observations/findings:

Flow:
• Glacier melt has minor diurnal fluctuation of flow
• Snow melt has greater diurnal fluctuation of flow
• 26 percent decrease in summer flows In 

Nooksack River since 1963
• River temperatures have risen approximately 0.9 

degrees C since 1900
• Glacier melt important for late summer flow and 

temperature modulation
• 50-60% of North Fork mean August discharge

• Conditions in the North Fork and Middle Fork will 
be similar to those currently of the South Fork
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Some recent observations/findings:

Sediment:
• Valley glaciers have already delivered most of the 

sediment since 1890
• Mass wasting of over-steepened glacial valleys 

still producing substantial sediment input
• Most residual glaciers produce moderate 

amounts of suspended sediment
• Snowmelt fed streams carry minor amounts of 

suspended sediment









Roosevelt Glacier

Recession:
8220 feet



Heliotrope Glacier

Recession:
3410 feet



Glacier 1890-1993 2013 1993-2013 TOTAL

Roosevelt 7830 8220 390 8220

Coleman 5220 6140 920 6140

Deming 6050 7495 1445 7495

Mazama 4980 7220 2240 7220

Rainbow 10515 11830 1350 11865

Thunder 7190 7860 670 7860

Sholes 4060 4710 650 4710

Heliotrope 2460 3410 950 3410

Hadley 3380 3890 510 3890

Bastile 5580 6020 440 6020

Glacier Recession since the end of the Little Ice Age (feet).

Average Recession = 6683 feet
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So, what is the relevance and 
application of this scientific 
information?

Identify impacts of climate change on water 
users in the watershed:

• Fish
• salmon recovery. 
• sustainable harvestable quantities.
• treaty resources. 
• restoration planning.
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South Fork Nooksack River

• Highly temperature impaired.
• Category 5 on CWA 303(d) list.
• Beneficial use is salmon survival and habitat.
• TMDL Project initiated by DOE and EPA in August 2011.
• Nooksack Indian Tribe and Lummi Nation provided early technical 

input to the TMDL planning process.
• Tribes concerned that the temperature TMDL would not directly address:

 Upland watershed processes
 Legacy impacts
 Climate change
 Reasonable natural conditions

• TMDL needs to address these concerns.
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Fish habitat and survival:

• Altered hydrology – peak flow; flood; low 

South Fork Nooksack River

• In Tribes opinion, the temperature TMDL would not be as useful of a 
tool unless climate change, legacy impacts, and upland 
watershed processes were also addressed. 

• If the point of the TMDL was to bring the SF Nooksack River into water 
quality compliance, how would the TMDL address salmonid fish 
survival—the beneficial use of the river under the CWA?

• Of particular concern is how “natural conditions” are defined in the TMDL.

• Complicated set of criteria based on beneficial use – species, life stage, 
season, location.
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• Outcome of TMDL highly dependent on the assumptions made for the 
modeled “natural conditions”, or “system potential.”

• Conditions present prior to the pollution problem.

• Climax conditions.

• TMDL assumptions not consistent with the Tribe’s understanding of 
natural conditions.

• Using data from the Tribe, modeled temperature under natural conditions 
cooler than the results based on the assumptions made.

• This is particularly important in regard to how WAC 173-201A-260 (1)(a)
is applied.

• WAC states that if the modeled natural conditions of Category 5 water 
do not meet the applicable standard, then the new standard is that 
modeled temperature regime.
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• A possible interpretation of this inconsistency is that there is no 
temperature issue.

• Has huge implications on salmon recovery and restoration planning. 

Implications of Natural Conditions:



Results of TMDL

Condition Average Maximum Stream

Temperature (deg C)

WQ Criteria 12 16 16

River Reach Headwaters to RM 28 RM 28 to Confluence All Reaches

Original Prediction 17.8 19.6 18.7

Cooler Headwaters (20%) 16.9 19.0 18.0

Natural Channel Geometry 17.2 18.9 18.1

Increased Riparian Tree Height and Buffer 

Width

16.7 18.2 17.5

Enhanced Hyporheic Exchange 17.8 19.3 18.6

Combined Natural Parameters 15.1 16.4 15.8

Percent Change -15.2% -16.3% -15.5%
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• What happens with stream temperature with the 
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• Worse?

• How should habitat restoration adapt to climate 
change?

• Potential answers to these questions are addressed 
by the Pilot Research Project.

Climate Change
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SF Nooksack River Temperature TMDL/
Climate Change Pilot Research Project

 Concurrently with implementing the TMDL project, EPA was developing 
a pilot research project that integrated climate change into a 
temperature TMDL.

 EPA decided to apply the pilot research project to the SF Nooksack River.

 The pilot research project is designed to support the TMDL project in 
reducing the impact of high temperatures on salmon.

 But more importantly, support both salmon recovery and CWA 
compliance by focusing on what salmon habitat restoration actions 
would be needed to promote salmon survival in the face of climate 
change at population levels that provide for harvestable surpluses. 
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• Project lead by Steve Klein of EPA 

ORD, Corvallis.

• Tetra Tech retained to facilitate 

project and conduct the modeling.

• Local technical input provided by 

Nooksack Indian Tribe.
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• Qualitative Assessment:

 Comprehensive analysis of freshwater habitat for 

ESA salmon restoration in the SFNR under climate 

change. 

 Will result in a prioritized list of climate change 

adaption strategies that supports salmon restoration 

in the SFNR under climate change. 
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• Together, these Assessments 

represent robust and comprehensive 

actions to:

1) get to the intent of the standards

2) protect the CWA beneficial uses 

(salmon habitat) AND

3) facilitate meeting ESA recovery 

goals under climate change.
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• Characterize existing conditions.

• Assess impacts of climate change on 

species, life form, and location.



SPRING 
CHINOOK Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

River Entry

Upstream Migration/ 
Holding

Spawning

Intragravel 
Development

Age-0 rearing

Age-0 outmigration

Age-1+ rearing

Age-1+ outmigration ?

Currence: Salmon/ClimateChange 28

3
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Legend

█ – Increased Winter Peak Flows

█ – Loss of Spring Snowmelt Reducing Discharge 

█ – Increased Summer Temperatures

█ – Decreased Summer Low Flows and Increased Temperatures

– Respective Life Stage Periodicities
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• Characterize existing conditions.

• Assess impacts of climate change on 

species, life form, and location.

• Review existing fish habitat 

restoration tools and plans.

• Re-prioritize strategies based on tools 

that are the most robust in the face of 

climate change.



• Apply the methods of Beechie et al. 

(2012) to review and re-prioritize 

restoration actions.





• Conduct workshops to inform agency 

and stake-holder groups.



• Conduct workshops to inform agency 

and stake-holder groups.

• Review existing information related to 

watershed condition, riparian 

shading, channel characteristics.



• Conduct workshops to inform agency 

and stake-holder groups.

• Review existing information related to 

watershed condition, riparian 

shading, channel characteristics.

• Solicit feedback from knowledgeable 

technical staff.



• “RESTORING SALMON HABITAT FOR 

A CHANGING CLIMATE”

• T. BEECHIE, H. IMAKI, J. GREENE, A. WADE, H. WU, G. PESS, P. 

RONI, J. KIMBALL, J. STANFORD, P. KIFFNEY AND N. MANTUA





Source: Workshop Summary, Final Draft Report, May 14, 2013, Restoring Salmon Habitat for 

a Changing Climate In the SFNR, Washington. Adapted from Beechie et al 2012.293

Positive Effect

No Effect

Context-

dependent 

Effect

Y

N
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• Per Beechie et al. (2012), the primary 

restoration strategies should address:

Longitudinal connectivity

Floodplain connectivity

Restore incised channel

Revegetate buffer of all streams

In addition to current in-stream 

restoration actions such as log jams.



Project Name
Structures 

Monitored
Year Completed

Van Zandt 15 2010

Todd Creek 8 2008

Sygitowicz Cr 7 2010

Kalsbeek 7 2007

Acme Chinook 5 2010

Low Hutchinson 6 2006

Nesset Reach 8 2008

Skookum 3 2010

Fobes Creek 14 2010

Larson’s Bridge 6 2001

River Mile 30 4 2007





Source: Lummi Natural Resources
Fobes Cr. project

Coe: Current SF Strategies 30

1

WRIA 1 Climate Change Workshop
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• To date, approximately 100 log jams 

installed in the South Fork River

• Total cost approximately $7 million.

• ELJ create colder temperature refuges 

that help fish hold and survive.

• Not as effective as other measures 

identified previously.

• Provides fish with a “bridge” to when 

more effective restoration strategies 

can be implemented.
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Conclusions:

• Under the TMDL, there is a possibility that the standards will change 

in a manner that does not protect fish i.e., beneficial use under 

the CWA.

• Pilot research project implemented that addresses climate change, 

quantitatively and qualitatively.

• Quantitative analysis concludes that stream temperature will get worse 

for fish in the face of climate change. 
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Conclusions:

• Get started with planning and implementing restoration NOW so that 

benefits will be in place prior to or when climate change 
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• Get involved – you can have significant influence on how regulatory 

programs are implemented to protect natural resources.



THANK YOU!



THANKS!


