
LUMMI NATION  
CLIMATE CHANGE MITIGATION AND ADAPTATION 

PLAN: 2016-2026  
 
 

 

Prepared For: 
Lummi Indian Business Council 

(LIBC) 
 
 

 
 
 

 
Funded By: 

U.S. Environmental Protection Agency 

(Assistance Agreement No. BG-97042602-4) 
 
 

Prepared By: 
Water Resources Division 

Lummi Natural Resources Department 
 
 

Contributors: 
Kara Kuhlman CFM, Natural Resources Analyst 

Jeremy Freimund P.H., Water Resources Manager 

Gerald Gabrisch GISP, GIS Manager 
 

Date 
February 16, 2016 

 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This project has been funded wholly or in part by the United States Environmental Protection 

Agency under Assistance Agreement No. BG-97042602-4 to the Lummi Nation.  The contents 

of this document do not necessarily reflect the views and policies of the Environmental 

Protection Agency, nor does mention of trade names or commercial products constitute 

endorsement or recommendation for use. 



 
Lummi Nation Climate Change Mitigation and Adaptation Plan: 2016-2026 i 
February 2016  
 

TABLE OF CONTENTS 

1. INTRODUCTION ................................................................................................................. 5 
1.1. Goals and Objectives of the CCMAP ................................................................................ 5 
1.2. Why the Lummi Nation is Planning for Climate Change ................................................... 6 
1.3. Adoption of the CCMAP ................................................................................................... 7 
1.4. Planning in a Regional Context ........................................................................................ 7 
1.5. CCMAP Organization ....................................................................................................... 8 

2. DESCRIPTION OF THE LUMMI INDIAN RESERVATION .................................................. 9 
2.1. Climate ............................................................................................................................. 9 
2.2. Land Use and Socioeconomic Conditions ...................................................................... 11 

2.2.1. Historical Land Use .................................................................................................. 11 
2.2.2. Current Land Use ..................................................................................................... 14 
2.2.3. Future Land Use ...................................................................................................... 15 
2.2.4. Population ................................................................................................................ 17 
2.2.5. Socioeconomic Conditions ....................................................................................... 17 

2.3. Lummi Nation Government ............................................................................................. 21 
2.3.1. The 1855 Treaty of Point Elliott ................................................................................ 22 

3. CLIMATE CHANGE IMPACTS .......................................................................................... 23 
3.1. Climate 101 .................................................................................................................... 23 
3.2. Climate Projections ........................................................................................................ 24 
3.3. Climate Change in the Pacific Northwest ........................................................................ 25 

3.3.1. Temperature ............................................................................................................ 26 
3.3.2. Precipitation ............................................................................................................. 26 
3.3.3. Hydrology ................................................................................................................. 26 
3.3.3.1. Snowpack and Glaciers ......................................................................................... 27 
3.3.3.2. Streamflow ............................................................................................................ 27 
3.3.4. Extreme Weather Events ......................................................................................... 27 
3.3.5. Coastal Ocean ......................................................................................................... 27 
3.3.5.1. Ocean Temperature .............................................................................................. 28 
3.3.5.2. Sea Level Rise ...................................................................................................... 29 
3.3.5.3. Ocean Acidification ............................................................................................... 30 

4. VULNERABILITY ASSESSMENT ..................................................................................... 31 
4.1. Description of Assessment Process ............................................................................... 31 
4.2. Water Resources ........................................................................................................... 32 

4.2.1. Freshwater ............................................................................................................... 33 
4.2.2. Groundwater ............................................................................................................ 38 
4.2.3. Wetlands .................................................................................................................. 40 

4.3. Coastal Resources ......................................................................................................... 43 
4.3.1. Shorelines ................................................................................................................ 44 
4.3.2. Tidelands ................................................................................................................. 46 
4.3.3. Seawater .................................................................................................................. 46 

4.4. Forest Resources ........................................................................................................... 48 
4.4.1. Forest Type .............................................................................................................. 49 
4.4.2. Wildfire ..................................................................................................................... 50 
4.4.3. Landslides ................................................................................................................ 51 
4.4.4. Insects and Diseases ............................................................................................... 52 

4.5. Fish, Wildlife, and Traditional Use Plants ....................................................................... 52 
4.5.1. Salmon ..................................................................................................................... 53 
4.5.2. Forage Fish .............................................................................................................. 56 



ii 
 
 

4.5.3. Shellfish ................................................................................................................... 56 
4.5.4. Upland Wildlife ......................................................................................................... 57 
4.5.5. Traditional Use Plants .............................................................................................. 57 

4.6. Human Health ................................................................................................................ 57 
4.6.1. Heat-Related Illness ................................................................................................. 57 
4.6.2. Health Effects Related to Extreme Weather Events ................................................. 58 
4.6.3. Respiratory Disease ................................................................................................. 58 
4.6.4. Infectious Disease .................................................................................................... 59 
4.6.5. Harmful Algal Blooms ............................................................................................... 59 
4.6.6. Food Insecurity ........................................................................................................ 60 
4.6.7. Mental Health ........................................................................................................... 60 

4.7. Emergency Services ...................................................................................................... 60 
4.7.1. Police ....................................................................................................................... 61 
4.7.2. Fire........................................................................................................................... 61 

4.8. Cultural Resources ......................................................................................................... 61 
4.9. Land Use ........................................................................................................................ 63 

4.9.1. Floodplain Infrastructure ........................................................................................... 64 
4.9.2. Residential Development ......................................................................................... 65 
4.9.3. Commercial and Mixed Use Development................................................................ 65 
4.9.4. Agriculture ................................................................................................................ 67 
4.9.5. Hazardous Materials Sites ....................................................................................... 67 

4.10. Transportation .............................................................................................................. 68 
4.10.1. Road System Integrity ............................................................................................ 68 
4.10.2. Access and Circulation ........................................................................................... 68 
4.10.3. Marine Facilities ..................................................................................................... 69 

4.11. Utilities ......................................................................................................................... 69 
4.11.1. Water Supply ......................................................................................................... 69 
4.11.2. Wastewater Collection and Treatment .................................................................... 72 
4.11.3. Storm Water Management ..................................................................................... 74 
4.11.4. Energy Supply ........................................................................................................ 74 

5. CLIMATE MITIGATION AND ADAPTATION .................................................................... 77 
5.1. Guiding Principles .......................................................................................................... 77 
5.2. Tools and Selection Criteria ........................................................................................... 78 
5.3. General Mitigation and Adaptation Recommendations ................................................... 78 
5.4. Mitigation Strategies ....................................................................................................... 80 

5.4.1. Transportation Alternatives ...................................................................................... 81 
5.4.2. Building-Related Energy Efficiency........................................................................... 82 
5.4.3. Behavior-Related Energy Efficiency ......................................................................... 83 
5.4.4. Renewable Energy ................................................................................................... 84 
5.4.5. Carbon Storage ........................................................................................................ 86 

5.5. Adaptation Strategies ..................................................................................................... 87 
5.5.1. Water Resources ..................................................................................................... 87 
5.5.2. Coastal Resources ................................................................................................... 90 
5.5.3. Forest Resources ..................................................................................................... 93 
5.5.4. Fish, Wildlife, and Traditional Use Plants ................................................................. 94 
5.5.5. Human Health .......................................................................................................... 98 
5.5.6. Emergency Services ................................................................................................ 99 
5.5.7. Cultural Resources ................................................................................................. 100 
5.5.8. Land Use................................................................................................................ 101 
5.5.9. Transportation ........................................................................................................ 102 
5.5.10. Utilities ................................................................................................................. 103 



 
Lummi Nation Climate Change Mitigation and Adaptation Plan: 2016-2026 iii 
February 2016 
 

5.6. Core Concepts for Strategy Development .................................................................... 105 
5.7. Mitigation and Adaptation Action Plan 2016-2026 ........................................................ 106 

6. CONCLUSION ................................................................................................................. 109 
7. REFERENCES ................................................................................................................ 111 
8. GLOSSARY ..................................................................................................................... 119 
9. ACRONYMS AND ABBREVIATIONS ............................................................................. 121 
 

List of Figures  

Figure 2.1 Regional Location of the Lummi Indian Reservation .................................................10 
Figure 2.2 Lummi Indian Reservation Overview ........................................................................12 
Figure 2.3 Upland Use/Land Cover of the Lummi Indian Reservation Watersheds ...................16 
Figure 3.1 Global Annual Average Temperature and Atmospheric Carbon Dioxide  

Concentration ..........................................................................................................24 
Figure 3.2 Different Amounts of Greenhouse Gases Released into the Atmosphere by Human 

Activities Produce Different Projected Increases in the Earthôs Temperature ...........25 
Figure 3.3 Historical (Blue) and Projected Future (Red) Combined Flow (Inches) in the 

Nooksack River Watershed at Ferndale ...................................................................28 
Figure 3.4 Projected Global Mean Sea Level Rise Over the 21st Century for RCP 2.6 (Blue)   

and RCP 8.5 (Red) ..................................................................................................29 
Figure 4.1 Vulnerability Matrix ...................................................................................................32 
Figure 4.2 Simulated Flood Statistics in the Nooksack River at Ferndale ..................................34 
Figure 4.3 Projected Changes in Summer Runoff (Shading) and Streamflow (Colored Circles) 

for the 2040s Under the A1B Emissions Scenario ...................................................35 
Figure 4.4 Historical (1970-1999) August Mean Surface Air Temperatures (Shading) and 

Simulated Maximum Stream Temperature (Colored Circles) in Washington State ...37 
Figure 4.5 Projected August Mean Surface Air Temperature (Shading) and Maximum       

Stream Temperature (Colored Circles) in Washington State ....................................37 
Figure 4.6 Lummi Indian Reservation Groundwater Characteristics ..........................................39 
Figure 4.7 Lummi Indian Reservation Wetlands ........................................................................42 
Figure 4.8 Acquisition and Use Plan for Reservation Lands in the Floodplain ...........................43 
Figure 4.9 Inundation and Flood Risk from Sea Level Rise, Storm Surge, and High Tide .........45 
Figure 4.10 Pteropod Shell Dissolution Over 45 days in Seawater at pH and Carbonate     

Levels Projected for 2100 ........................................................................................47 
Figure 4.11 Potential Impact of Increasing Sea Surface Temperature on Harmful Algal       

Bloom (HAB) Growth ...............................................................................................48 
Figure 4.12 Timing of Climate Change Effects on Streamflow and Temperature by Life     

History Stages of Chinook Salmon (Ocean-Type), Coho Salmon, and Steelhead ....55 
Figure 4.13 Lummi Indian Reservation Households (1910-2013) ..............................................66 
Figure 4.14 Wells and Wellhead Protection Areas on the Reservation ......................................71 
Figure 4.15 Reservation Wastewater Collection Systems and Treatment Facilities ...................73 

 

List of Tables  

Table 2.1 Current Land Cover/Land Use Types on the Lummi Indian Reservation ...................15 
Table 2.2 Employment Status of Lummi Tribal Members, 2003 ................................................21 
Table 4.1 Water Resources Vulnerability Rankings ...................................................................33 
Table 4.2 Coastal Resources Vulnerability Rankings ................................................................44 
Table 4.3 Forest Resources Vulnerability Rankings ..................................................................49 



iv 
 
 

Table 4.4 Fish, Wildlife, and Traditional Use Plants Vulnerability Rankings ...............................53 
Table 4.5 Temperature Thresholds (°C) for Critical Parts of the Salmonid Life Cycle ................55 
Table 4.6 Human Health Vulnerability Rankings .......................................................................58 
Table 4.7 Emergency Services Vulnerability Rankings ..............................................................60 
Table 4.8 Cultural Resources Vulnerability Rankings ................................................................63 
Table 4.9 Land Use Vulnerability Rankings ...............................................................................63 
Table 4.10 Transportation Vulnerability Rankings .....................................................................68 
Table 4.11 Utilities Vulnerability Rankings .................................................................................69 
Table 5.1 Climate Mitigation Recommendations .......................................................................80 
Table 5.2 Water Resources Adaptation Goals and Strategies ...................................................89 
Table 5.3 Coastal Resources Adaptation Goals and Strategies ................................................92 
Table 5.4 Forest Resources Adaptation Goal and Strategies ....................................................94 
Table 5.5 Restoration Action Types and Their Ability to Ameliorate Climate Change Effects ....96 
Table 5.6 Fish, Wildlife, and Traditional Use Plants Adaptation Goals and Strategies ...............98 
Table 5.7 Human Health Adaptation Goal and Strategies .........................................................99 
Table 5.8 Emergency Services Adaptation Goal and Strategies ............................................. 100 
Table 5.9 Cultural Resources Adaptation Goal and Strategies ................................................ 101 
Table 5.10 Land Use Adaptation Goal and Strategies ............................................................. 102 
Table 5.11 Transportation Adaptation Goal and Strategies ..................................................... 103 
Table 5.12 Utilities Adaptation Goal and Strategies ................................................................ 105 
 

Appendices  

Appendix A: LIBC Resolution No. 2014-084 

Appendix B: LIBC Resolution No. 2016-040 

Appendix C: Summary Vulnerability Rankings Table 

Appendix D: Summary Adaptation Goals and Strategies Table 

 

 



 

 
Lummi Nation Climate Change Mitigation and Adaptation Plan: 2016-2026 1 
February 2016 
  

EXECUTIVE SUMMARY 

The purpose of the Lummi Nation Climate Change Mitigation and Adaptation Plan: 2016-2026 

(CCMAP) is to evaluate the potential impacts of anthropogenic climate change on the Lummi 

Indian Reservation (Reservation), Lummi Usual and Accustomed Grounds and Stations (U&A), 

and Lummi Traditional Territories and to present both mitigation strategies that may reduce the 

causes of climate change and adaptation strategies that may minimize climate change impacts 

that cannot be avoided.     

Resolution No. 2014-084 Guiding Principles to Address Climate Change was adopted by the 

Lummi Indian Business Council (LIBC ï the governing body of the Lummi Nation) on May 27, 

2014 and directed the LIBC administration to undertake efforts to develop goals for addressing 

the potential effects of climate change, to develop policies and strategies guided by these goals 

that will enable climate mitigation and adaptation, and to develop and implement programmatic 

and/or regulatory actions to address the potential effects of climate change and contribute to the 

reduction of the causes of climate change.  An important step toward fulfilling this mandate is 

this CCMAP, which provides a comprehensive analysis of climate change impacts on and 

potential mitigation and adaptation strategies for the natural, social, and built systems of the 

Reservation.  Based on the CCMAP, the Lummi Nation finds that the potential impacts of 

climate change have a direct, serious, and substantial adverse effect on the political integrity, 

economic security, health, and welfare of the Lummi Nation, its treaty rights, its members, and 

all persons present on the Reservation.   

The goal of the CCMAP is to identify the potential impacts of climate change on the natural, 

social, and built systems of the Reservation and identify actions to minimize the causes of 

climate change and damages from climate change impacts that cannot be avoided.  This goal will 

be attained through the achievement of the following objectives: 

1. Review existing climate change impacts assessments and scientific literature relevant to 

the Puget Sound region to evaluate projected climate change impacts on the Reservation. 

2. Assess the vulnerability of the natural systems (i.e., water resources, coastal resources, 

forest resources, and fish, wildlife, and traditional use plants), social systems (i.e., human 

health, emergency services, and cultural resources), and built systems (i.e., land use, 

transportation, and utilities) on the Reservation to climate change impacts. 

3. Develop a range of mitigation and adaptation strategies that may be implemented to 

reduce identified vulnerabilities and make the Reservation and the Lummi Nation more 

resilient to climate change.  

Changes in climate affect not only air temperatures (i.e., global warming), but also sea surface 

temperatures, precipitation patterns, sea level, storm events, and other physical systems.  The 

best available science indicates that climate change impacts on the Reservation over the coming 

decades-to-centuries are likely to include increasing surface temperature, changes in 

precipitation (i.e., wetter winters, drier summers), changes in the seasonality and magnitude of 

streamflow (i.e., higher winter flows, earlier spring snowmelt, lower summer flows), increasing 
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extent, frequency, and/or intensity of extreme weather events (e.g., heat waves, drought, 

flooding, wildfire), and changes in the coastal ocean (i.e., increasing sea surface temperature, sea 

level rise, ocean acidification).  The extent and severity of future climate change will be 

inextricably linked to the level of human response to climate change.  

 

To better understand how climate change impacts will affect the natural, social, and built systems 

of the Reservation, a framework was established for the purpose of the CCMAP in which each 

system was divided into several sectors and each sector further divided into planning areas.  For 

instance, the natural system (i.e., natural environment) is divided into several sectors, including 

water resources, coastal resources, forest resources, and fish, wildlife, and traditional use plants; 

the social system is divided into human health, emergency services, and cultural resources; and 

the built system is divided into land use, transportation, and utilities.  At the subsequent level, the 

water resources sector is divided into three planning areas (i.e., freshwater, groundwater, and 

wetlands), the coastal resources sector is divided into three planning areas (i.e., shorelines, 

tidelands, and seawater), the forest resources sector is divided into three planning areas (i.e., 

forest type, wildfire, insects and disease), and so on.   

 

Within this framework, the vulnerability (i.e., susceptibility to harm) to climate change of the 

Reservationôs natural, social, and built systems was determined as a function of the sensitivity 

and adaptive capacity of that system, and was rated using a five-step scale (i.e., low, medium-

low, medium, medium-high, high).  Findings indicate that the majority of planning areas on the 

Reservation have a high level of vulnerability to climate change impacts, while some planning 

areas demonstrated medium-high or medium levels of vulnerability.   

 

Given that anticipated impacts of climate change on the Reservation are significant and diverse, 

building a climate resilient community in the face of these impacts will require coordinated and 

comprehensive climate preparedness planning.  Climate preparedness should include 

implementation of both climate mitigation and climate adaptation strategies.  Climate mitigation 

means taking action to reduce greenhouse gas concentrations in the atmosphere, the quantity of 

which will determine the extent and severity of climate change over the coming decades-to-

centuries.  Although the Reservation accounts for only a relatively minor contribution to global 

carbon emissions, achieving emissions reduction goals globally will require universal support 

and participation.  Accordingly, the recommendations of this CCMAP are to undertake action on 

climate mitigation as soon as practicable.  To address climate change impacts that are already 

occurring and impacts that will unavoidably occur in the future regardless of mitigation efforts, it 

is also recommended that the Lummi Nation take action on climate adaptation as soon as 

practicable.  Several climate mitigation and adaptation strategies are provided for the natural, 

social, and built systems on the Reservation.   

The key recommendations for implementing climate mitigation and adaption actions on the 

Reservation that will protect public health and the environment are: 

1. Establish and maintain a Climate Preparedness Committee with, at a minimum, one 

representative from the LIBC, the Natural Resources Department, the Planning and 

Public Works Department, and the Cultural Resources Department and two 

representatives from the General Council to provide guidance and oversight in climate 

mitigation and adaptation planning.  Committee membership may be expanded to 
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include additional tribal institutions as is deemed necessary or desirable, for instance the 

Police Department, the Lummi Tribal Health Center, the Lummi Tribal Sewer and Water 

District (LTSWD), the Lummi Commercial Company (LCC), the Lummi Housing 

Authority (LHA), the Northwest Indian College (NWIC), and others may also be 

considered.  

2. Provide community education and outreach to increase awareness of and preparation for 

climate change impacts and engender community support for climate mitigation and 

adaption. 

3. Focus initial efforts in climate mitigation and adaptation on the following high priority 

items as determined from the core concepts for strategy development: 

a. Improve building-, behavior-, and transportation-related energy efficiency. 

b. Improve emergency preparedness planning and response capabilities. 

c. Implement flood risk reduction measures. 

d. Implement wildfire risk reduction measures. 

e. Reduce existing stressors to salmon populations. 

f. Improve water quality in shellfish harvest areas. 

g. Restore and protect instream flow in the Nooksack River basin. 

h. Protect the potable groundwater systems on and adjacent to the Reservation. 

4. Further refine and prioritize climate mitigation and adaptation strategies for 

implementation based on guidance of the Climate Preparedness Planning Committee, 

community feedback, the recommendations of this report, and other vulnerability 

assessments as appropriate.  

5. Identify and obtain funding to implement selected mitigation and adaptation strategies 

and determine which tribal entity will be responsible for implementation. 
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1. INTRODUCTION  

The purpose of this section is to describe the goals of the Lummi Nation Climate Change 

Mitigation and Adaptation Plan: 2016-2026 (CCMAP) and to summarize the CCMAP 

organization.  This CCMAP has been prepared by the Lummi Nation as a guide to develop and 

implement effective, integrated environmental programs specific to the needs of the Lummi 

Nation.  This CCMAP was developed by the Water Resources Division of the Lummi Natural 

Resources Department (LNR).   

1.1. Goals and Objectives of the CCMAP 
The purpose of the Lummi Nation Climate Change Mitigation and Adaptation Plan: 2016-2026 

(CCMAP) is to evaluate the potential impacts of anthropogenic climate change on the Lummi 

Indian Reservation (Reservation), Lummi Usual and Accustomed Grounds and Stations (U&A), 

and Lummi Traditional Territories.  Additionally, the CCMAP will present both mitigation 

strategies that may reduce the causes of climate change and climate adaptation strategies that 

may minimize climate change impacts that cannot be avoided.   

Resolution No. 2014-084 Guiding Principles to Address Climate Change was adopted by the 

Lummi Indian Business Council (LIBC) on May 27, 2014 and directed the LIBC administration 

to undertake efforts to develop goals for addressing the potential effects of climate change, to 

develop policies and strategies guided by these goals that will enable climate mitigation and 

adaptation, and to develop and implement programmatic and/or regulatory actions to address the 

potential effects of climate change and contribute to the reduction of the causes of climate 

change (Appendix A).  An important step toward fulfilling this mandate is this CCMAP, which 

provides a comprehensive analysis of climate change impacts on and potential mitigation and 

adaptation strategies for the natural, social, and built systems of the Reservation.  Based on the 

CCMAP, the Lummi Nation finds that the potential impacts of climate change have a direct, 

serious, and substantial adverse effect on the political integrity, economic security, health, and 

welfare of the Lummi Nation, its members, its treaty rights and all persons present on the 

Reservation.   

The goal of the CCMAP is to identify the potential impacts of climate change on the natural, 

social, and built systems of the Reservation and to identify actions to minimize the causes of 

climate change and damages from impacts that cannot be avoided.  This goal will be attained 

through the achievement of the following objectives: 

1. Review existing climate change impacts assessments and scientific literature relevant to 

the Puget Sound region to evaluate projected climate change impacts on the Reservation. 

2. Assess the vulnerability of the natural systems (i.e., water resources, coastal resources, 

forest resources, and fish, wildlife, and traditional use plants), social systems (i.e., human 

health, emergency services, and cultural resources), and built systems (i.e., land use, 

transportation, and utilities) on the Reservation to climate change impacts. 
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3. Develop a range of mitigation and adaptation strategies that may be implemented to 

reduce identified vulnerabilities that will make the Reservation and the Lummi Nation 

more resilient to climate change.  

1.2. Why the Lummi Nation is Planning for Climate Change 
The Lummi Nation is planning for climate change because preparedness is more effective than 

disaster response.  This is a principle that has long been recognized by the Lummi Nation and is 

evidenced by adoption of the original Lummi Nation Multi-Hazard Mitigation Plan in 2004, the 

first state-level plan approved by the Federal Emergency Management Agency (FEMA) 

nationwide.  The impacts of climate change are likely to exacerbate some existing natural 

hazards on the Reservation (e.g., riverine and coastal flooding, coastal erosion, drought, and 

wildfire) and introduce new hazards (e.g., spread of diseases and pests, ocean acidification).  

Climate change mitigation, which addresses the causes of climate change, requires taking action 

to reduce greenhouse gases emissions and greenhouse gas concentrations in the atmosphere and 

is necessary to limit  the damage of future climate change.  For Reservation residents, this means 

reducing energy use from energy sources (e.g., gasoline, diesel, propane, electricity generated at 

coal-fired power plants) that result in emissions of greenhouse gases such as carbon dioxide 

(CO2).  Although climate change mitigation is necessary to limit the extent of future warming 

and other impacts, many climate change impacts are already occurring and some future impacts 

are unavoidable even with extensive mitigation efforts.  Given these circumstances, it is 

imperative that the Lummi Nation take action to minimize the impacts of climate change on the 

Reservation by developing and implementing climate change adaptation strategies.   

If adaptation actions are not taken, climate change may lead to irreversible or unacceptable 

losses to the Lummi Nation.  As such, the Lummi Nation has a responsibility to be proactive in 

preparing for climate change.  In many cases, planning for the future will benefit the present and 

build upon existing programs designed to protect human health, environmental and cultural 

resources, and infrastructure.  For example, the Lummi Nation Wetland and Habitat Mitigation 

Bank that is currently being developed by the Lummi Natural Resources Department has 

tangible benefits that are already being observed, such as restoring and enhancing wetland areas 

that provide critical habitat for culturally and economically important fish species (e.g., salmon).  

Preservation of open space in the floodplain also protects future generations by preventing 

development and retaining flood storage capacity in an area that is projected to experience an 

increase in the frequency and intensity of flood events as a result of climate change.  This type of 

ñwin-winò strategy simultaneously reduces the impacts of climate change on the Reservation and 

provides environmental and economic benefits to the Lummi Nation that serves both current and 

future generations. 

Additionally, American Indian and Alaska Native tribes and nations are expected to be 

disproportionally impacted by changes in climate (Dalton 2013).  As stated by the LIBC: ñThe 

Lummi Nation, like other place-based American Indian and Alaska Native peoples, lives on the 

frontlines of a changing world where the disruption to our natural resources caused by changes in 

the climate are having real and measurable effects on the livelihoods of our people (LIBC 

Resolution No. 2014-084).ò  In recognition of the fact that climate change poses unique threats 

to tribal cultural resources, traditional practices, ways of life, and treaty-protected rights, the U.S. 

Global Change Research Programôs Third National Climate Assessment (NCA 2014b) for the 
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first time included a chapter addressing Indigenous Peoples, land, and resources; drawing 

attention to this important issue. 

 

1.3. Adoption of the CCMAP  
The Lummi Indian Business Council passed Resolution No. 2016-040 on February 16, 2016 to 

formally adopt the Lummi Nation Climate Change Mitigation and Adaptation Plan: 2016-2026 

(Appendix B).  In adopting the plan, the LIBC considered not only the merits of the plan, but 

also the recommendation of the Lummi Natural Resources Department Director and Deputy 

Director (meeting held on December 1, 2015), the Lummi Fisheries and Natural Resources 

Commission (meeting held December 3, 2015), and the Lummi Planning Commission (meeting 

held on December 8, 2015) that the plan be adopted by the LIBC. 

1.4. Planning in a Regional Context  
Planning for climate change is an increasingly evident priority for federal, state, local, and tribal 

governments and agencies.  At the national level, the U.S. Global Change Research Program 

(USGCRP), which was mandated by the Global Change Research Act (1990), is charged with 

ñbuilding a knowledge base that informs human responses to climate and global change through 

coordinated and integrated federal programs of research, education, communication, and 

decision support (USGCRP 2014).ò  Among the responsibilities of the USGCRP is to publish 

assessments that provide analyses of current and future climate change impacts across the nation; 

the Third National Climate Assessment (NCA) was published in May 2014.  Along with the 

release of President Barak Obamaôs Climate Action Plan (June 2013) and Executive Order No. 

13653 ï Preparing the United States for the Impacts of Climate Change (November 2013), 

circulation of the NCA has bolstered awareness of climate change impacts nationwide.  The key 

messages of these federal efforts are clear: (1) climate change is occurring now, (2) we need to 

cut carbon pollution, and (3) we need to prepare for the impacts of climate change. 

Washington State is also taking action on climate change, an effort that started in earnest in 

February 2007 when then Governor Christine Gregoire directed state agencies to work toward 

reducing greenhouse gas emissions in the state (Executive Order No. 07-02 ï Washington 

Climate Change Challenge).  As a result, statutory limits on carbon emissions were signed into 

law in 2008 (Revised Code of Washington [RCW] 70.235.020), which required a reduction of 

greenhouse gas emissions to 1990 levels by 2020.  Climate change planning continued to grow 

under the governorôs leadership and resulted in the release of two seminal reports in 2012, 

Preparing for a Changing Climate: Washington Stateôs Integrated Climate Response Strategy 

(Publication No. 12-01-004) by the Washington State Department of Ecology (Ecology) and 

Ocean Acidification: From Knowledge to Action by the Washington State Blue Ribbon Panel on 

Ocean Acidification (Publication No. 12-01-015).  Building on this framework, Governor Jay 

Inslee recently signed Executive Order No. 14-04 ï Washington Carbon Pollution Reduction and 

Clean Energy Action, which is aimed at reducing carbon emissions and developing and 

implementing renewable energy and energy efficiency technologies.  A Carbon Emissions 

Reduction Taskforce (CERT) considered market-based mechanisms for reaching the carbon 

emission reduction goals established in RCW 70.235.020, including a carbon tax, carbon cap-

and-trade, or a hybrid system, that were introduced to the state legislature in 2015.  The efforts of 

Washington State to prepare for climate change continue to provide a model for state-level 

planning that is just beginning in some other areas of the country.   
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Indian Tribes are also providing leadership on climate change action.  Among the 20 member 

tribes of the Northwest Indian Fisheries Commission (NWIFC) there are already several climate 

change programs underway.  The Swinomish Indian Tribe has a well-developed climate change 

program, called the Swinomish Climate Change Initiative.  Through the initiative, the tribe has 

published a climate change impact assessment and a climate change adaptation plan, and has 

started implementing action items recommended in the reports.  The Jamestown SôKlallam Tribe 

has also completed a climate change impacts assessment, and several other tribes are in the 

process of developing their own assessments.  Likewise, adaptation planning is in progress at the 

Quileute Reservation in La Push, Washington, which is subject to coastal and riverine flooding 

and tsunamis.  In 2012, nearly 800 acres of Olympic National Park forestlands adjacent to the 

Quileute Reservation were transferred from the National Park Service to the Quileute Nation for 

the purpose of providing higher ground for community relocation.  There is also a diverse range 

of climate change research being piloted by tribal governments.  For instance, the Nooksack 

Indian Tribe is conducting research on glacier ablation rates in the Nooksack River watershed 

and the subsequent effect of glacier melt on stream temperature and flow.  Meanwhile, the 

Tulalip Tribes recently commissioned a study to develop baseline carbon budgets in the 

Snohomish River basin.  These are but a few of the many examples of the tribal commitment to 

climate change planning in the Pacific Northwest.   

Some local governments have also taken steps to plan for climate change.  Notably, Whatcom 

County and the City of Bellingham have each adopted climate protection plans that recognize the 

need for action. 

1.5. CCMAP Organization  
This CCMAP is organized into the following sections: 

¶ Section 1 is this introductory section. 

¶ Section 2 describes the climate, land use, and socioeconomic conditions of the 

Reservation and the government of the Lummi Nation. 

¶ Section 3 summarizes the observed and projected impacts of climate change in the 

Pacific Northwest. 

¶ Section 4 presents a vulnerability assessment of the natural, social, and built systems of 

the Reservation to climate change impacts. 

¶ Section 5 presents climate mitigation and adaptation recommendations for reducing 

greenhouse gas emissions from the Reservation and increasing the resilience of the 

Reservation to climate change impacts.  

¶ Section 6 presents a summary and conclusion. 

¶ Section 7 is the list of references cited in this CCMAP. 

 

The glossary, acronyms, and abbreviations used in this CCMAP and appendices follow  

Section 7.   
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2. DESCRIPTION OF THE LUMMI INDIAN 
RESERVATION 

The Lummi Indian Reservation (Reservation) is located in northwest Washington State, 

approximately eight miles west of Bellingham, Washington (Figure 2.1).  The Reservation is 

located along the western border of Whatcom County and at the southern extent of Georgia Strait 

and the northern extent of Puget Sound.  Approximately 38 miles of highly productive marine 

shoreline surround the Reservation uplands on all but the north and northeast borders.  The 

Reservation includes approximately 12,500 acres of uplands and 7,000 acres of tidelands.  The 

Nooksack River drains a watershed of approximately 786 square miles, flows through the 

Reservation near the mouth of the river, and discharges to Bellingham Bay (and partially to 

Lummi Bay during high flows).  The Reservation is comprised of a five-mile long peninsula 

(Lummi Peninsula), which separates Lummi Bay on the west and Bellingham Bay on the east; a 

northern upland area (Northwest Uplands) and the smaller Sandy Point peninsula that separates 

Georgia Strait on the west and Lummi Bay on the east; the floodplains and deltas of the Lummi 

River and the Nooksack River; Portage Island; and associated tidelands (Figure 2.2).  The 

remainder of this section briefly describes the climate, land use, and socioeconomic conditions of 

the Reservation, as well as the Lummi Nationôs government structure.  

2.1. Climate 
The Pacific Northwest climate and ecology are largely shaped by the interactions that occur 

between seasonally varying precipitation patterns and the regionôs mountain ranges.  

Approximately 75 percent of the regions precipitation occurs in just half the year (October ï 

April) when the Pacific Northwest is on the receiving end of the Pacific storm track.  Based on 

climate data collected at the nearby Bellingham International Airport, the average annual 

precipitation on the Reservation is approximately 36 inches.  On average, November, December, 

and January are the wettest months; June, July, and August are the driest months.  

Temperature on the Reservation is relatively mild year round.  Temperature data collected at the 

Bellingham Airport from 1949 ï 2005 indicate that the warmest months are July and August.  

During these months the average maximum daily temperature is approximately 71 degrees 

Fahrenheit (
o
F).  December and January are the coldest months when the average minimum daily 

temperatures are about 32
o
F.  The growing season is ñthe portion of the year when soil 

temperature (measured 20 inches below the surface) is above biological zero (5°Celsius [C] or 

41°F)ò.  May through September is the approximate growing season for agricultural crops in the 

area (Gillies 1998). 

Wind data for Bellingham indicate that the prevailing wind direction on the Reservation is from 

the south and southeast with gusts upward of 80 miles per hour.  Winds from the west are not as 

common and generally not as strong (ACOE 1997).  Wind roses developed from meteorological 

data collected at two locations on the Reservation as part of a wind energy development 

feasibility assessment over the January 2011 through January 2012 period indicate that the wind 

direction is from the south-southeast or south about 50 percent of the time and from the north or 

northeast about 15 percent of the time (DNV KEMA 2012).    



 

 

Figure 2.1 Regional Location of the Lummi Indian Reservation 
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The Reservation experiences a variety of infrequent weather patterns.  A typical but infrequent 

weather pattern is generated from the northeast by cold air masses moving down the Fraser River 

valley.  Strong winds from this pattern, blowing across the Fraser and Nooksack river basins, 

have caused damage to the residents and businesses of the Reservation (USDA 1992).  Another 

typical but infrequent weather pattern involves continental air masses from the east that bring 

unusually dry weather that can last a few days or weeks (USDA 1992).  During the summer, 

these air masses bring unusually warm temperatures (mid to upper 90s Fahrenheit).  During the 

winter, these air masses bring unusually cold temperatures (0°F and colder). 

2.2. Land Use and Socioeconomic Conditions 
Like most places, land use changes on the Reservation have been associated with changes in 

vegetation types, decreases in the areas covered by vegetation, changes in natural drainage 

patterns, and increases in impervious surfaces.  With the arrival of Euro-Americans, forested 

land was logged, cleared, and drained for agriculture development, homes, municipal 

development, and commercial enterprises.  Historic and current land uses in the Reservation 

watersheds and socioeconomic conditions on the Reservation are described below.  Much of the 

information about historic land uses and socioeconomic conditions comes from the Lummi 

Nation Comprehensive Environmental Land Use Plan: Background Document (LIBC 1996). 

2.2.1. Historical Land Use 
Before the arrival of Euro-Americans, the Lummi People were a fishing, hunting, and gathering 

society.  Based on the accounts of Lummi Elders, early European explorers, and early 

photographs of the region, before 1850 old-growth forests of massive Douglas fir, western 

hemlock, Sitka spruce, and western red cedar dominated what was to become the Lummi Indian 

Reservation.  Deciduous trees such as western big leaf maple, black cottonwood, red alder, and 

western paper birch were also likely present along the rivers, streams, and open areas. 

Understory vegetation probably included vine maple, Oregon grape, several different willows, 

ocean spray, salmon berry, thimbleberry, soapberry, and many others.  Wetlands, streams, and 

rivers supported a unique array of plants adapted to wet environments.  The marine shoreline was 

also a unique environment, where only plants adapted to a saltwater-influenced environment 

thrived.   

The forces that shaped vegetation patterns in the Northwest before the arrival of Euro-Americans 

were forest succession, fires, windstorms, ice storms, floods, and traditional use of natural 

vegetation by the indigenous peoples.  Native American uses of vegetation included the 

gathering of medicinal plants, the use of willows and other shrubs for fishing, and the extensive 

use of western red cedar trees for many things, including clothing, baskets, buildings, and 

canoes.  Many plants were also sources of food to complement the traditional diet of fish, 

shellfish, elk, and deer.  Native Americans cultivated some of these plants, such as ferns, camas, 

and wapato, in prairies along the Nooksack River.   
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Figure 2.2 Lummi Indian Reservation Overview 
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Similar to most areas in the lower Nooksack River watershed downstream from Everson, 

conversion of forestland to agricultural land occurred on the Lummi Indian Reservation 

following the arrival of Euro-Americans.  In 1896, approximately 1,222 acres were reportedly 

under cultivation on the Reservation.  Along with clearing the forested land for agriculture, Euro-

Americans constructed ditches, drained wetland areas, cleared logjams, diverted the Nooksack 

River to drain into Bellingham Bay, built a levee that cut off the Lummi River delta from the 

Nooksack River, and built a seawall along Lummi Bay.  These changes in the natural hydrology 

of the Lummi Reservation changed the distribution and patterns of watercourses and of wetland- 

and riparian-associated plant communities.  

Much of the cedar on the Reservation was cut into shingle bolts and shipped to local shingle 

mills.  The old-growth trees on Portage Island were cut down to fuel steamboats traveling the 

Nooksack River.  One or more large fires swept through the Reservation area between 1850 and 

1900.  These fires destroyed nearly all of the remaining old-growth forests.  Since reforestation 

was not practiced during the early logging period and did not begin until approximately 1980, 

pioneer tree species, such as alder, willows, and cottonwood, soon replaced the conifer forests 

and dominated the landscape (Leckman 1990).   

Historically, the Nooksack River flowed (alternately or simultaneously) to both Lummi and 

Bellingham bays (effectively making the Lummi Peninsula an ñislandò).  Before 1860, the 

Nooksack River discharged primarily into Lummi Bay by way of the present Lummi River 

channel, with smaller distributaries flowing into Bellingham Bay (WSDC 1960; Deardorff 

1992).  In 1860, the mainstem of the river was diverted into what was then a small stream 

flowing into Bellingham Bay (WSDC 1960).   Since that time, considerable effort has been 

expended to keep the Nooksack River discharging into Bellingham Bay because of the increased 

commercial value of the river that resulted from its proximity to sawmills along Bellingham Bay 

(Deardorff 1992).  Until the early 1900s, the Nooksack River was also the primary transportation 

corridor to as far upstream as present day Lynden.  The water body remaining in the old channel 

of the Nooksack River has been called the Lummi River or the Red River (WSDC 1960).   

In the 1920s, a reclamation project was initiated both to construct a dike/seawall to keep back the 

saltwater along the shore of Lummi Bay and to construct a levee along the west side of the 

Nooksack River (Deardorff 1992).  This project, which was started in 1926 and completed in 

1934, initially resulted in the nearly complete separation of the Lummi River from the Nooksack 

River.  However, when saltwater intrusion onto the newly reclaimed farmlands and damage to 

the dam at the head of the Lummi River occurred during flooding, the dam was replaced with a 

dam and spillway structure (Deardorff 1992).  This spillway structure was also damaged over the 

years during high-flow conditions and was replaced in 1951 by a five-foot-diameter culvert that 

allowed flow from the Nooksack River into the Lummi River (FEMA 2004).  Currently a 

partially collapsed four-foot diameter culvert allows flow to the Lummi River only during 

relatively high-flow conditions (approximately 9,600 cfs) (Deardorff 1992).  Levees were also 

constructed along the Lummi River to prevent saltwater from Lummi Bay from flowing onto 

adjacent farmlands during higher tides.  The dike and levee construction activities were 

accompanied by agricultural ditching to drain fields and wetland areas.  Based on 1887-88 

topographic surveys, Bortleson et al. (1980) estimated that wetlands located landward of the 

general saltwater shoreline in the lower Lummi River watershed have decreased from 



 
14 
 

 

approximately 2.0 square miles to 0.1 square miles (approximately 95 percent) over the 1888-

1973 period. 

Between 1920 and 1960 several new public roads providing access to Ferndale and Bellingham 

as well as a toll ferry to Lummi Island were constructed and led to an increase in development on 

the Reservation.  Since 1960 there has been a significant increase in the total population on the 

Reservation and the number of tribal members living on the Reservation.  The increase in the 

number of enrolled Lummi tribal members living on the Reservation has been attributed to a 

number of factors including improved economic conditions within the community, the beginning 

of tribal self-governance, the increased rate of house construction, the development of a water 

distribution and a wastewater collection and treatment system, and a renewed sense of Lummi 

cultural identity. 

2.2.2. Current Land Use 
Over the last century, the increase in population, the construction of extensive road networks, 

development of wastewater collection and treatment systems, the construction of the Sandy Point 

Marina, and several tribal housing projects have fostered a trend towards higher density 

neighborhoods throughout the Reservation.  Several distinct residential neighborhoods now exist, 

mainly along the shores of the Reservation including Sandy Point, Neptune Beach, Sandy Point 

Heights, and Gooseberry Point.  Higher density residential neighborhoods can also be accessed 

from the numerous spur roads along Haxton Way and Lummi Shore Road, which are the primary 

roads along the perimeter of the Lummi Peninsula.  A Lummi Nation Geographic Information 

Systems (GIS) analysis identified 1,975 addressed structures on the Reservation in 2009.  

Although increased residential and commercial development has occurred on the Reservation in 

the last few decades, the majority of the Reservation remains rural. 

An approximation of the current land cover and land use in the Reservation watersheds is shown 

in Figure 2.3.  This map was derived from the 2006 National Oceanic and Atmospheric 

Administration (NOAA) database, Classification of Coastal Washington, which is part of the 

Coastal Change Analysis Program (C-CAP) of the NOAA Coastal Services Center (NOAA 

2006).  The map gives an overview of the extent of forest and agricultural lands, residential 

areas, and wetlands in these watersheds.  The estimated distribution of land cover/land use types 

within the Reservation boundaries is summarized in Table 2.1. 

The majority of the forested areas are on the Lummi Peninsula, Portage Island, and the 

Northwest Uplands.  Although there are some conifer groves and Douglas fir plantations, the 

2007 inventory of Reservation forests showed that present day forests are largely comprised of 

deciduous trees, with some mixed deciduous/conifer stands (International Forestry Consultants, 

Inc. 2007).  Wetlands are underrepresented on the C-CAP map, as the remote sensing analysis 

did not recognize big swathes of forested and scrub-shrub wetlands, but counted them towards 

forests and scrub-shrub.  Based on the 1999 Reservation-wide wetland inventory (LWRD 2000), 

the percentage of the Reservation land base that is wetland is closer to 40 percent than the 

3.46 percent listed in Table 2.1. 
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Table 2.1 Current Land Cover/Land Use Types on the Lummi Indian Reservation  

Land Cover/Land Use Percent of Area
1 

Residential 2.59 

Forest 20.88 

Scrub-Shrub 47.79 

Wetlands 3.46 

Cultivated Land/Grassland 25.28 

1
 Does not include the off-Reservation portions of the Lummi Watersheds or tribal tidelands 

The floodplains of the Lummi and Nooksack Rivers are sparsely developed.  The most important 

commercial enterprise in the floodplains is the Silver Reef Hotel, Casino & Spa and the adjacent 

gas station and mini-mart.  This commercial center is located at the intersection of Haxton Way 

and Slater Road.  The floodplains are dominated by agricultural lands and wetlands, both 

freshwater and estuarine.  The tribal governmental offices are mostly located along Kwina Road; 

the Northwest Indian College (NWIC) is also located along Kwina Road.   

Based on estimates of land cover in Whatcom County, land cover/use in the Nooksack River 

watershed is generally dominated by forested areas upstream from the town of Deming and 

agricultural lands downstream from Deming (Whatcom County 2005).  The agricultural lands in 

the lowlands were largely forested before the arrival of Euro-Americans and had been largely 

denuded of trees by 1925 (Pierson 1953, as cited in Smelser 1970).  Population centers such as 

Ferndale, Lynden, Everson, and Deming are located adjacent to the Nooksack River. 

2.2.3. Future Land Use 
Future development on the Reservation is guided by a number of tribal laws (Lummi Nation 

Code of Laws [LCL]) and associated regulations including: 

¶ LCL Title 15: Land Use, Development, and Zoning Code 

¶ LCL Title 15A: Flood Damage Prevention Code 

¶ LCL Title 16: Sewer and Water District Code 

¶ LCL Title 17: Water Resources Protection Code 

¶ LCL Title 22: Building Code 

¶ LCL Title 40: Cultural Resources Preservation Code   

 

Figure 2.4 shows the current official zoning map of the Lummi Reservation.  This zoning map 

was revised and adopted by the LIBC in 2004 as part of the comprehensive planning effort 

currently underway by the Planning and Public Works Department.  The zoning update 

incorporated comments from tribal departments and commissions and from public comments 

received during four community meetings.   
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Figure 2.3 Upland Use/Land Cover of the Lummi Indian Reservation Watersheds  
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The Lummi Planning and Public Works Department is developing a Comprehensive Plan for the 

Lummi Reservation.  The plan will show, in general, how land on the Reservation will be used 

over the next 20 years.  The Comprehensive Plan will identify areas that will be developed for 

residential, commercial, mixed uses, industrial, and agricultural purposes, as well as show areas 

that require protection (e.g., Special Flood Hazard Areas, wetlands, and aquifer recharge zones).  

To date, a technical background document (LIBC 1996) has been developed, public opinion 

surveys conducted, drafts of the Comprehensive Plan and maps developed, and focused planning 

workshops and meetings with commissions and community groups have occurred.  The 

Comprehensive Plan is codified in LCL Title 15 (Land Use, Development, and Zoning Code).  

Title 15 also formalized an environmental review process that had been already largely in place 

since 1997 pursuant to LIBC resolutions. 

2.2.4. Population 
According to the 2010 Census, a total of 4,706 people lived on the Reservation during 2010, 

which is an 11 percent increase from the 2000 Census population of 4,193.  In the 2010 Census, 

2,643 people (56.2 percent) identified themselves as American Indian and Alaska Native (Indian) 

alone or in combination with other races.  Corrected by the 2010 undercount rate (4.9 percent), 

approximately 2,772 American Indians or Alaska Natives are currently living on the Reservation.  

Population projections from a 2003 study by Northwest Economic Associates suggest that the 

number of American Indians living on the Reservation would increase from 2,346 persons in 

2000 to 3,767 persons in 2020 and to 15,451 persons in 2100.  Including the non-Indian 

population, which was predicted to grow at a slower rate, the Reservation population is estimated 

to reach 5,800-6,800 persons by 2020.  In 2011, the Lummi Enrollment Office reported that there 

were approximately 4,650 enrolled Lummi tribal members living on- and off-Reservation 

(Kamkoff 2011).     

2.2.5. Socioeconomic Conditions 
Fishing, logging, farming, and other natural resource related work have historically provided 

most of the jobs for Lummi tribal members.  Until the 1974 Boldt Decision, Lummi tribal 

members were systematically precluded from the profitable salmon fishery in Puget Sound.  

Once the treaty fishing right was upheld by the U.S. Supreme Court, commercial fishing and fish 

processing began to expand on the Reservation resulting in increasing numbers of fishermen, fish 

processing, and increased overall tribal revenue from the salmon fisheries.   

The Lummi Nation is the largest fishing tribe in the Puget Sound in terms of pounds of fish 

landed and number of species fished (NWIFC 2012).  However, the recent declines in salmon 

stocks have dramatically altered the tribal reliance on salmon fishing as an economic mainstay.  

In 1985, the average Lummi fisherman made $22,796 ($49,000 in 2011 dollars).  In 1993, the 

average income from fishing was only $5,555 ($8,500 in 2011 dollars).  During this period, 

about 30 percent of the tribal work force relied on fishing for their sole source of income (LIBC 

1996).  In the 10 year period between 1995 and 2005, there was an average of 592 fishing 

registrations and 126 crabbing registrations each year.  During the 2012-2013 harvest 

management year (July 1 ï June 30) there were 404 vessels registered with the Lummi Nation.  
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Figure 2.4 Current Land Use Zones on the Reservation 
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Over the last 15 years, the crab fishery has provided the largest percentage of the yearly fishery 

revenue followed by sockeye salmon and manila clams.  Since 1993, further reductions in 

salmon stocks have resulted in closure of some fisheries and a further reduction in tribal fishery 

incomes (LIBC 1996).  During 1999, 2007, 2009, and 2013 the sockeye salmon fishery was 

closed entirely due to low fish runs.  The loss or reduction of a fishery increases the importance 

of the other fisheries to the Lummi economy.  Although there are annual variations, 2001 is 

representative of the most recent 10 years.  In 1985, the Lummi Fishing Fleet landed about 15.3 

million pounds of finfish and shellfish.  In 2001, the combined harvest was about 3.9 million 

pounds of finfish and shellfish.   

In addition to catching fish and harvesting shellfish, the Lummi Nation owns and operates three 

salmon hatchery facilities.  These facilities produce millions of young salmon each year and help 

offset the decline of fish stocks due to loss of natural habitat and historic over-fishing.  The tribe 

also owns an on-Reservation shellfish hatchery, producing approximately 23 million Pacific 

oyster and manila clam seed for enhancing tribal tidelands and 2.5 million geoduck seed for sale 

annually.  The tribe owns 7,000 acres of tidelands, much of which is suitable for productive 

shellfish beds (LIBC 1996).  All of these tidelands are held in trust by the United States for the 

exclusive use of the Lummi Nation. 

The tribal commercial shellfish enterprise and the commercial, subsistence, and ceremonial 

harvest of shellfish by the Lummi Nation and individual tribal members was severely impacted 

by the closure of 60 acres of tidelands in 1996 and 120 additional acres in 1997.  These closures 

occurred in Portage Bay and were largely attributed to poor dairy waste management practices in 

the Nooksack River watershed (DOH 1997).  Not considering the multiplier effects on the 

economy, the lost value of the shellfish products alone was estimated to be approximately 

$825,000 per year.  In response to the 1996 closure, the EPA conducted compliance enforcement 

inspections of dairy operations in the Nooksack River watershed starting in 1997, the State of 

Washington passed the 1998 Dairy Nutrient Management Act (RCW 90.64), and dairy farmers 

developed and implemented nutrient management plans (a.k.a. farm plans).  As a result of these 

reactions and additional compliance inspections by the Washington State Department of 

Ecology, water quality in the Nooksack River improved.  In November 2003, approximately 75 

percent of the previously closed shellfish beds in Portage Bay were reopened to commercial 

harvest.  In May 2006, the remaining closed shellfish growing areas were reclassified as 

ñapprovedò for harvest.   

Although Nooksack River water quality improved dramatically during the 1997 through 2004 

period and resulted in the re-opening of the shellfish beds in 2006, deteriorating water quality 

trends started to become apparent again in 2005.  Despite efforts to proactively prevent another 

shellfish bed closure due to poor water quality, portions of the Portage Bay shellfish beds no 

longer achieved the National Shellfish Sanitation Program (NSSP) standards during 2014.  In 

order to protect public health, the Lummi Nation voluntarily closed 335 acres of shellfish 

growing areas to harvest in September 2014.  Continuing poor water quality over the growing 

area resulted in nearly 500 acres of shellfish bed being closed to harvest by the end of December 

2014.  

A Lummi Casino project began in 1983 in an effort to diversify the Reservation economy.  The 

casino operation was upgraded significantly in 1994 with the opening of the Lummi Casino at 
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Fishermanôs Cove.  The casino flourished initially, employing approximately 400 people, 65 

percent of whom were Native American (LIBC 1996).  However, competition and changing 

economic conditions resulted in the closure of the casino on August 26, 1997.  With 238 workers 

losing their jobs, the Lummi unemployment rate grew to approximately 50 percent.   

A new casino opened in April 2002 at a new location (the corner of Haxton Way and Slater 

Road) closer to the Interstate 5 highway.  The new casino (the Silver Reef Casino) initially was 

28,000 square feet and employed approximately 200 people.  The casino was expanded in 2004 

(Phase II) to a total of 55,000 square feet with the addition of additional gaming space, a 

restaurant, and a 400 seat pavilion.  The casino was expanded again in 2006 (Phase III) to 

135,000 square feet with the addition of a restaurant, additional gaming space, a spa and fitness 

room, and a six floor, 109 room hotel (NEI 2005).  Following this expansion, the Silver Reef 

Casino was renamed the Silver Reef Hotel, Casino & Spa.  A smaller expansion (Phase IV) of 

approximately 9,000 square feet occurred in 2008 to add gaming space and an additional 

restaurant.  The Phase V expansion was additional parking only.  The most recent expansion was 

completed in 2013 (Phase VI) and included the addition of 50,000 square feet of additional 

gaming area, a new restaurant, theater, and event center.  A second hotel tower (Phase VII) was 

completed in November 2015.  In 2005, after the first expansion, the casino employed 382 

workers of which 274 were full-time employees and 108 were part-time employees (NEI 2005).  

In 2007, after the addition of the hotel and spa, the casino employed 500 people (Werner 2007).  

By 2010, the Silver Reef Hotel, Casino & Spa employed 550 people; following the opening of 

the Phase VI expansion in 2013 there were 675 employees.  The LIBC operates a gas station and 

mini-mart adjacent to the Silver Reef Hotel, Casino & Spa.   

Other employment opportunities for Reservation residents exist at the two oil refineries and the 

aluminum smelter just north of the Reservation and nearby in the communities of Ferndale and 

Bellingham.  In 2004, 40.8 percent (131) of the 321 businesses licensed to operate on the 

Reservation were owned by enrolled tribal members (NEI 2005).  These businesses included 

fireworks sales, food preparation and retail, wholesale, and trade businesses.  In 2009, 249 

businesses were licensed to operate on the Reservation according to the LIBC Accounting 

Department.  These businesses range from large employers (Silver Reef Hotel, Casino & Spa) to 

long established fish buying and processing enterprises, trades, native arts, and food catering.  

In 2013, the LIBC was the 9
th
 largest employer in Whatcom County and the Silver Reef Hotel, 

Casino & Spa was the 14
th
 largest employer; with all tribal institutions combined, the tribe is the 

3
rd

 largest employer in the county (WWU 2011).  Most of the LIBC and Northwest Indian 

College (NWIC) employees are tribal members.  In 2003, native employees made up 70 percent 

of LIBC staff (55 percent enrolled Lummi tribal members) and 61 percent of NWIC staff (33 

percent enrolled Lummi tribal members) (Valz 2003).  The LIBC provides community, 

administrative, education, natural and cultural resources protection, and health services to the 

tribal population in order to help achieve the tribal economic and social development goals.  

These goals include job creation for tribal members, income generation to fund community 

development programs, and diversification and stabilization of the local economy by creating 

alternatives to fishing.  Revenue generation is needed in order for the Lummi Nation to develop 

economic self-sufficiency.   
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In 1993, 56 percent of the 2,500 working-age Lummi tribal members were unemployed, under 

employed, full-time students, or no longer seeking work (LIBC 1996).  Since 1993, the 

combined effect of the decline in the fishery and the closure of the original casino have had a 

substantial negative impact on the Lummi economy.  The BIA reported that the unemployment 

rate on the Reservation in 1999 was 21 percent (BIA 1999).  Table 2.2 presents the results of a 

survey of 2,054, over the age of 18, enrolled tribal members conducted by the LIBC Statistics 

Office in 2003.  This survey indicates that 28 percent of adult tribal members were unemployed 

and up to 14 percent may have been underemployed (part-time, seasonally employed) (LIBC 

2003).  In 2004, 74.6 percent of enrolled Lummi tribal members in Whatcom County ages 18 

through 64 were employed and 15.9 percent were unemployed (NEI 2005). 

 
Table 2.2 Employment Status of Lummi Tribal Members, 2003 

Employment Status Number in Status
1
 

Percentage of Survey 
Individuals 

Employed full-time 825 40.2 

Employed part-time 156 7.6 

Employed seasonally 133 6.5 

Self-employed 84 4.1 

Retired 127 6.2 

Unemployed 567 28.0 

Not available for employment 153 7.4 

1
LIBC 2003 

2.3. Lummi Nation Government 
The United States government has a unique legal relationship with tribal governments based on 

the U.S. Constitution, treaties, statutes, executive orders, and court decisions.  Indian tribes have 

sovereign powers separate and independent from federal and state governments.  Tribal 

sovereignty refers to the inherent authority of indigenous tribes to govern themselves, thus tribal 

governments have the same power as the federal and state governments to regulate their internal 

affairs, with a few exceptions.  For example, tribes have the inherent power to form a 

government, to decide their own membership, the right to regulate property, the right to maintain 

law and order, and the right to regulate commerce.  As a result of tribal sovereignty, specific 

federal legislation, and the trust responsibility of the United States that resulted from treaties, 

various federal government agencies are involved in assisting Indian tribal governments.   

The Lummi Nation is a signatory of the 1855 Treaty of Point Elliot, and is a federally recognized 

sovereign Indian Tribe organized pursuant to an order approved on November 13, 1947 by the 

Acting Commissioner of Indian Affairs.  The Lummi Nation is governed by an elected 11-

member council, the Lummi Indian Business Council (LIBC), and the General Council which 

consists of all enrolled Lummi tribal members of voting age (18 years old).  The LIBC is 

supported by several administrative departments including Planning and Public Works, 

Economic Development, Police, Office of the Reservation Attorney, Cultural Resources, and 

Natural Resources.  The LIBC is responsible for the protection, restoration, enhancement, and 



 
22 
 

 

management of the natural resources within the boundaries of the Lummi Indian Reservation 

(Reservation) and throughout the Lummi Nationôs usual and accustomed (U&A) hunting, 

fishing, and gathering grounds and stations.  The Lummi Natural Resources Department (LNR) 

is the caretaker of the Lummi Nation natural resources and is responsible for developing and 

implementing LIBC policies related to Lummi resources.  

2.3.1. The 1855 Treaty of Point Elliott 
The 1855 Treaty of Point Elliott (Treaty) promulgated articles of agreement between the United 

States and the Lummi Tribe (now the ñLummi Nationò pursuant to Lummi Indian Business 

Council [LIBC] Resolution No. 90-13).  The Treaty is superior to any conflicting state laws or 

state constitutional provisions under the Supremacy Clause of the U.S. Constitution.  Under the 

articles of the Treaty, the Lummi Nation ceded certain areas of its aboriginal lands to the United 

States and reserved for its use and occupation certain lands, rights, and privileges; the United 

States assumed fiduciary obligations, including, but not limited to, legal and fiscal 

responsibilities to the Lummi Nation.   

An aboriginal right retained under the Treaty includes the immemorial custom and practice to 

hunt, fish, and gather within all usual and accustomed (U&A) grounds and stations.  These 

customs and practices are the basis of the Tribeôs source of food and culture.  This reserved right 

is found under Article 5 of the Treaty, which states that the Tribe has ñthe right of taking fish at 

all usual and accustomed grounds and stations é and of erecting temporary houses for the 

purpose of curing, together with the privilege of hunting and gathering roots and berries on open 

and unclaimed lands.ò  Treaty-reserved resources situated on- and off-Reservation (ñLummi 

resourcesò) include, but are not limited to, fishery resources situated within the Lummi Nationôs 

adjudicated U&A fishing area.  The Lummi Nation U&A includes the marine areas of northern 

Puget Sound from the Fraser River south to the present environs of Seattle, particularly 

Bellingham Bay.  Freshwater fisheries include the river drainage systems, especially the 

Nooksack, emptying into the bays from Boundary Bay south to Fidalgo Bay. 
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3. CLIMATE CHANGE IMPACTS 

There is near scientific consensus and broad international support for the assertion that current 

changes in climate observed globally are the result of human activities (NCA 2014a, IPCC 

2013).  This section provides a technical analysis of the evidence of anthropogenic climate 

change, including a brief overview of the earthôs climate system, as well as observed and 

projected impacts of climate change in the Pacific Northwest (PNW).  

3.1. Climate 101 
Climate and weather are distinct, but often confused, concepts.  While weather describes the day-

to-day state of the atmosphere at a given place and time, climate describes the average weather 

conditions over a period of at least 30 years.  As such, weather is inherently chaotic (i.e., it may 

or may not rain today), whereas climate is inherently predictable (i.e., winters in the Puget Sound 

region are rainy).  However, changes in the earthôs climate can and do occur naturally over long 

periods of time (centuries to millennia).  Changes in climate affect not only air temperatures (i.e., 

global warming), but also sea surface temperatures, sea level, precipitation patterns, storm 

events, and other physical systems.  One reason for the anomalous nature of the current changes 

in Earthôs climate is that these changes are largely the result of anthropogenic emissions of long-

lived, heat-trapping gasses, called greenhouse gasses (GHGs) into the atmosphere.  Examples of 

GHGs include carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), and 

chloroflurocarbons (CFCs). Fossil fuel burning, land use change (e.g., biomass burning from 

deforestation), and industrial processes (e.g., cement and fertilizer production) are a few of the 

many sources of human-generated greenhouse gas emissions.  Increasing atmospheric 

concentrations of GHGs since the industrial era (mid-17
th
 century) has enhanced the greenhouse 

effect, the process that mediates the Earthôs energy budget.  Greenhouse gasses serve as the 

Earthôs blanket, without which the Earth would be too cold to be habitable by humans.  

Increasing the concentration of GHGs in the atmosphere is like using a thicker blanket; the 

greenhouse effect is enhanced and additional warming occurs.  

The positive correlation between increasing atmospheric GHG concentrations, specifically CO2, 

and increasing surface temperatures over the period of the instrumental record is depicted in 

Figure 3.1.  This figure is taken from the U.S. Global Change Research Programôs (USGCRP) 

Third National Climate Assessment (NCA), which was published in May 2014, with a caption 

reading as follows: 

Global annual average temperature (as measured over both land and oceans) has 

increased by more than 1.5°F since 1880 (through 2012).  Red bars show 

temperatures above the long-term average, and blue bars indicate temperatures 

below the long-term average. The black line shows atmospheric carbon dioxide 

(CO2) concentration in parts per million (ppm). While there is a clear long-term 

global warming trend, some years do not show a temperature increase relative to 

the previous year, and some years show greater changes than others. These year-

to-year fluctuations in temperature are due to natural processes, such as the effects 

of El Niños, La Niñas, and volcanic eruptions. 
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Figure 3.1 Global Annual Average Temperature and Atmospheric Carbon Dioxide Concentration 

 

Other key findings reported in the 2014 NCA provide a clear summary of the current 

understanding of global climate change.  These findings include: (1) ñhuman-induced climate 

change has moved firmly into the present;ò (2) ñAmericans are already feeling the effects of 

increases in some types of extreme weather and sea level rise;ò (3) ñimpacts are apparent in 

every region and in important sectors including health, water, agriculture, energy, and more;ò 

and (4) ñthere are many actions we can take to reduce future climate change and its impacts and 

to prepare for the impacts we canôt avoid.ò       

3.2. Climate Projections  
Future climate change depends on the quantity of GHG emissions over the coming decades.  

Scientists use complex climate models (e.g., General Circulation Models/Global Climate Models 

[GCMs], Regional Climate Models [RCMs]) that are built and calibrated using current and past 

climate data to simulate future climatic conditions under a range of different greenhouse gas 

emissions scenarios.  Emissions scenarios are determined by the Intergovernmental Panel on 

Climate Change (IPCC), an international consortium of hundreds of experts who analyze and 

synthesize climate change research.  In 2013-2014 the IPCC released its Fifth Assessment Report 

(AR5), which is actually a series of reports that summarize the current state of scientific 

knowledge relevant to climate change.  The IPCC designs emissions scenarios based around 

different storylines, called Representative Concentration Pathways (RCPs), that describe how 

humans might respond to a changing climate.  The ñhighò emissions scenario (RCP 8.5; a.k.a., 

ñbusiness as usualò) reflects continued increases in GHG emissions over the next century, the 

ñmediumò emissions scenario (RCP 6.0) reflects gradually increasing GHG concentrations that 

stabilize near the end of the century, the ñlowò emissions scenario (RCP 4.5) reflects GHG 

emissions stabilizing mid-century and then falling thereafter, and the ñvery lowò emissions 

scenario (RCP 2.5; a.k.a., ñbest case scenarioò) reflects aggressive GHG reduction and carbon 

sequestration efforts.  Because each scenario accounts for different amounts of GHG emissions, 
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they result in different projected increases in the Earthôs surface temperature over time (Figure 

3.2).  It is impossible to know which emissions scenario is most likely to occur, so modeling 

multiple scenarios is important to capture a broad range of potential future conditions.  Emission 

scenarios are periodically updated and some figures in this report contain scenarios from an 

earlier IPCC report Special Report on Emissions Scenarios (SRES; i.e., from high to low 

emissions A2, A1B, B1).   

 

Figure 3.2 Different Amounts of Greenhouse Gases Released into the Atmosphere by Human Activities 
Produce Different Projected Increases in the Earthôs Temperature 

 
1
 Figure on the left shows the IPCCôs older scenarios from the Special Report on Emissions Scenarios 
(SRES), the figure on the right shows the IPCCôs newer scenarios (Representative Concentration 
Pathways [RCPs]) from the Fifth Assessment Report 

 
2
 Figure downloaded from the 2014 National Climate Assessment website at 

http://nca2014.globalchange.gov/ 

 

3.3. Climate Change in the Pacific Northwest 
Climate change is occurring globally, but the impacts of climate change will vary regionally.  

For example, rising temperatures are not evenly distributed across the globe or over time.  

Climate change adaptation activities require an understanding of regional trends, so the 

remainder of this chapter provides a brief overview of observed and projected climate change 

http://nca2014.globalchange.gov/

































































































































































































