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EXECUTIVE SUMMARY  
The climate is changing. Global air temperatures are rising, 

as are sea levels throughout most of the U.S. Heavy rainfall 

is increasing in intensity and frequency. Atlantic hurricane 

intensity is on the rise, and the number of large forest fires 

in the western U.S. and Alaska is increasing and is 

exacerbated by drought and heat. In Alaska and the Arctic, 

sea ice is declining, permafrost is thawing, and warming is 

more than twice the global average (Walsh et al., 2014; 

Hayhoe et al., 2018; USGCRP, 2017).  

 

Given close relationships with the natural world stemming 

from deep spiritual and cultural connections and 

subsistence lifeways, Indigenous peoples are on the 

frontlines of those experiencing and adapting to climate 

change. Indigenous peoples possess incredible resiliency and 

innovation, borne from Indigenous knowledges, worldviews, 

and countless generations of connection to place (Ford et 

al., 2020). At the same time, climate change impacts for 

many Tribal communities are already severe (such as shifts in/loss of key cultural species and land loss 

due to erosion, flooding, and permafrost thaw), and the challenges they face responding to impacts are 

daunting (such as lack of funding and technical resources and legacies from colonialism and 

discrimination). The time to act is now, and the way to act is together: in community, taking care of one 

another and all our relations. 

 

What Is the Status of Tribes and Climate Change (STACC) Report? 

The Status of Tribes and Climate Change (STACC) Report seeks to uplift and honor the voices of 

Indigenous peoples across the U.S. to increase understanding of Tribal lifeways, cultures, and 

worldviews; the climate change impacts Tribes are experiencing; the solutions they are implementing; 

and ways that all of us can support Tribes in adapting to our changing world. Given this, the STACC 

Report was written for diverse audiences, including Tribal managers, leaders, and community members; 

the authors of future National Climate Assessments; federal and state agencies and decision-makers; 

and nongovernmental organizations. Over 90 authors representing diverse entities and perspectives 

contributed to this report, including the authors of 34 personal narratives and author teams who wrote 

topic reviews using elements from their own experiences and knowledge as well as information from 

the most current peer-reviewed literature. The development of the STACC Report was coordinated by 

the Institute for Tribal Environmental Professionals (ITEP), which was established in 1992 at Northern 

Arizona University with a cooperative agreement with the BǳǊŜŀǳ ƻŦ LƴŘƛŀƴ !ŦŦŀƛǊǎΩ ¢Ǌƛōŀƭ /ƭƛƳŀǘŜ 

Resilience Program. ITEP is honored to have worked with these authors, who together, along with the 

Steering Committee, form the STACC Working Group.  

 

Chapter Leads  

Karen Cozzetto (Institute for Tribal 

Environmental Professionals) & Dara 

Marks-Marino (Institute for Tribal 

Environmental Professionals) 

 

Chapter Co-Authors  

Status of Tribes and Climate Change 

Working Group (STACCWG) 

 

Recommended Citation  

Cozzetto, K., Marks-Marino, D., & 

STACCWG. (2021). Executive 

Summary. In Status of Tribes and 

Climate Change Report [Marks-

Marino, D. (ed.)]. Institute for Tribal 

Environmental Professionals, pp. 6ς

14 
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Why This Report Was Created 

The Indigenous peoples of North America have seen many hardships, including legacies of colonialism, 

forced assimilation, intergenerational trauma, upheaval and repression of Native economic systems, and 

the loss of ancestral lands, languages, natural resources, and traditions. Due to colonialization and 

subsequent land dispossession, social exclusion, and discrimination, researchers have identified 

LƴŘƛƎŜƴƻǳǎ ǇŜƻǇƭŜǎ Ǝƭƻōŀƭƭȅ ŀƴŘ ƛƴ ǘƘŜ ¦Φ{Φ ŀǎ ǇƻǇǳƭŀǘƛƻƴǎ άŀǘ-Ǌƛǎƪέ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀƴƎŜ όCƻǊŘ Ŝǘ ŀƭΦΣ 

2020; Nakashima et al., 2018). Tribes have, however, continually proven to be resilient and innovative, 

which is evident in their creating adaptation and mitigation plans and continuing to rely on traditional 

knowledges to inform actions and strategies. This resiliency and adaptation dates back thousands of 

ȅŜŀǊǎ ŀƴŘ ƘƻƭŘǎ ǘǊǳŜ ƛƴ ǘƻŘŀȅΩǎ ŎƘŀƴƎƛƴƎ ŎƭƛƳŀǘŜΦ 

 

As numerous Indigenous persons would attest to, the close relationship that Tribes have with their 

lands, waters, resources, and heritage includes a responsibility to one another, to all relations, and to 

the past and future generations of human and nonhuman relatives alike. It embodies the need to care 

for and respect the needs of all things and recognizes the responsibility to honor the wisdom of their 

ancestors and carefully consider the consequences of their decisions and actions for future generations. 

This may lead Tribal members to ask: what does it mean to be a good ancestor? 

 

Due in part to these worldviews that are tightly interwoven with many compounding dimensions, Tribal 

experiences with climate change can make Indigenous peoples particularly vulnerable to cascading and 

disproportionate impacts, while their responses simultaneously support Tribal resilience to those 

impacts and are discussed throughout the STACC Report. 

 

While Tribes cannot be thought of as one monolithic group, diverse Indigenous persons are in dialogue 

about synergies that exist among their worldviews. Numerous Indigenous persons have articulated that 

their worldviews understand all things as an interconnected whole, as shown in Figure 1, the Indigenous 

Holistic Worldview Illustration. There is inherent difficulty in writing a report that includes sectoral 

chapters about impacts experienced by Indigenous peoples that also reflects the interconnected nature 

of those experiences. However, as Figure 1 shows, each topic is interwoven with the others and all the 

systems of the world. (See Introduction for further discussion of Figure 1.) 

 

Although Indigenous peoples have been involved in various scientific reports related to climate change 

(see Ch. 1), a gap exists in the published literature of a holistic, in-depth review of the unique 

experiences of and threats to Tribes, in particular with first-hand experiences described. The STACC 

Report aims to fill this gap as well as provide recommendations for decision-makers and others 

supporting Tribal efforts. 

 

Understanding Tribal Sovereignty 

In order to effectively support Tribes in their efforts to address climate change, it is vital to understand 

Tribal sovereignty, self-determination, the federal trust responsibility, and consultation requirements 

within the government-to-government relationship. Tribal sovereignty is the inherent right of American 

Indians and Alaska Natives to govern themselves, and any decisions that could impact their property or 
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citizens must be made with their participation and consent (NCSL, 2013; USDOI Frequently Asked 

QǳŜǎǘƛƻƴǎΣ ƴΦŘΦύΦ {ƛƳƛƭŀǊ ǘƻ ǎǘŀǘŜǎΣ ¢ǊƛōŜǎ άǇƻǎǎŜǎǎ ǘƘŜ ǊƛƎƘǘ ǘƻ ŦƻǊƳ ǘƘŜƛǊ ƻǿƴ ƎƻǾŜǊƴƳŜƴǘǎΤ ǘƻ ƳŀƪŜ ŀƴŘ 

enforce laws, both civil and criminal; to tax; to establish and determine membership (i.e., tribal 

citizenship); [and] to license and regulate activƛǘƛŜǎ ǿƛǘƘƛƴ ǘƘŜƛǊ ƧǳǊƛǎŘƛŎǘƛƻƴΧέ ό¦{5hL CǊŜǉǳŜƴǘƭȅ Asked 

Questions, n.d.). The Indian Self-Determination and Education Assistance Act of 1975 articulates a 

Figure 1. The Indigenous Holistic Worldview Illustration visually depicts the interconnected way in which many Indigenous 
peoples experience the world and includes factors that influence the natural world. The various topics that the STACC 
Report addresses are included in the roots to demonstrate that while the Report is divided into independent chapters, the 
topics are, in reality, part of an interdependent whole. This illustrationΩǎ shape resembles a turtle in reference to Turtle 
Island, as some of the creation stories of Indigenous peoples of North America include a turtle, which can be thought of as 
either the continent of North America or as the entire Earth, depending on the storyteller. Illustration design: Coral Avery 
and Molly Tankersley 

 



 

9 
 

pathway for Tribal control, responsibility, and autonomy over programs and services usually 

administered by the Bureau of Indian Affairs (USDOI Self-Determination, n.d.; USDOI Frequently Asked 

Questions, n.d). The federal trust responsibility addresses the reality that Tribal nations ceded their 

homelands in exchange for the guarantee of protection of their rights to self-government and lands and 

to provide for federal assistance (NCAI Tribal Governance, n.d.). The government-to-government (or 

nation-to-nation) relationship is a fundamental principle of the federal trust responsibility (NCAI 

State/Tribal Relations, n.d.), and government-to-government consultation must occur from the 

beginning stages of all decision-making that could potentially impact Tribes.  
 

9ȄŜŎǳǘƛǾŜ hǊŘŜǊ момтрΣ ǿƘƛŎƘ ǿŀǎ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ нлллΣ άǊŜŀŦŦƛǊƳǎ ǘƘŜ CŜŘŜǊŀƭ ƎƻǾŜǊƴƳŜƴǘΩǎ 

commitment to tribal sovereignty, self-determination, and self-government. Its purpose is to ensure 

that all Executive departments and agencies consult with Indian tribes and respect tribal sovereignty as 

ǘƘŜȅ ŘŜǾŜƭƻǇ ǇƻƭƛŎȅ ƻƴ ƛǎǎǳŜǎ ǘƘŀǘ ƛƳǇŀŎǘ LƴŘƛŀƴ ŎƻƳƳǳƴƛǘƛŜǎέ ό5h9Σ нлллύΦ ¢Ƙƛǎ executive order was 

reaffirmed by the Biden administration on January 26, 2021. Sovereignty is an inherent right of Tribes, 

and the onus is on the federal government to ensure that right and government-to-government 

consultation are upheld. It is important to note that not all Indigenous groups/peoples have federal 

recognition, which limits their access to federal resources and impacts their ability to address climate 

change.  
 

Chapter Number Chapter Title 

Chapter 1 History of Indigenous Peoples in National Climate Assessments 

Chapter 2 Worldviews, Knowledges, & Social Impacts 

Chapter 3 Actionable Science & Collaborative Climate Planning 

Chapter 4 Ecosystems & Biodiversity 

Chapter 4.1 Air 

Chapter 4.2 Water 

Chapter 4.2.1 Drinking Water Infrastructure 

Chapter 5 Health & Wellbeing 

Chapter 6 Economic Development: Renewables, Sustainable Economies, 
& Carbon Offsets 

Chapter 7 Energy & a Just Transition 

Chapter 8 Cultural Resources 

Chapter 9 Emergency Management 

Chapter 10 Protection-in-Place & Community-Led Relocation 

Chapter 11 Solid Waste 

Chapter 12 Emerging Topics 
Table 1. Chapter numbers and titles for easy reference and an overview of the Report layout. 

 

Interwoven Key Messages & Recommendations  

The full list of Key Messages & Recommendations can be found within each chapter and in the 

Conclusion. Much like the interwoven nature of all the topics addressed in this report, the key messages 

and recommendations are interdependent and can be distilled into two themes: Respect and uphold 

Tribal sovereignty and self-determination and Integrate holistic responses in line with Tribal values.  
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Key Message & Recommendation: Respect and Uphold Tribal Sovereignty and Self-Determination 

Tribal sovereignty and self-determination help to counteract historical trauma, disproportionate climate 

change impacts, and vulnerability and are strong themes in the Recommendations across all chapters. 

The remedial dynamic of recognizing and respecting the pre-existing right of self-determination of Tribes 

should be acknowledged. Each chapter identifies key ways to promote Tribal sovereignty, including, but 

not limited to, the following actions and examples: 
 

Engage Tribes early and often in decision-making processes (Chs. 3 and 10). Many federal 

programs and policies affecting Tribes have been designed without meaningful Tribal participation. 

Tribes should be central to such decision-making. Engaging Tribes early and often helps to ensure 

that programs developed are accessible to Tribal communities and that Tribal concerns, values, and 

priorities are included in decisions such as those about land or water management, the 

development of regulations, choices about what science questions to pursue, and more. One best 

άŜŀǊƭȅ ŀƴŘ ƻŦǘŜƴέ ŜƴƎŀƎŜƳŜƴǘ ǇǊŀŎǘƛŎŜ ƛǎ ǘƻ ŜǎǘŀōƭƛǎƘ ¢Ǌƛōŀƭ partnerships before developing project 

proposals. Building relationships with Tribal leaders, managers, and community members is key to 

ensuring respectful dialogue and that intentions are trustworthy.  

Increase co-management of natural resources. Co-management of natural resources involves 

cross-jurisdictional, cooperative, participatory collaboration in decision-making, planning, and 

enforcement (Ch. 3), and contributes to strengthening of food security and the realization of food 

sovereignty (Ch. 5). As the Kootenai Tribe of Idaho describes in their narrative in Ch. 4.1, their 

state-Tribal partnership improved monitoring capabilities during the 2020 wildfire smoke season. 

Respect, include, and protect Indigenous and traditional knowledges in climate change actions. 

Such knowledges are a fundamental and interwoven part of Indigenous cultures and are important 

for understanding and responding to changes that are occurring. For instance, during climatic and 

other disruptions such as wildfires, extreme weather, and the COVID-19 pandemic, when access to 

commercial foods may be cut off, traditional hunting, fishing, and gathering methods form a source 

of local resilience. In addition to the information in Chs. 2, 3, 4, 5, and 12, a resource for better 

understanding this concept is the Guidelines for Considering Traditional Knowledges in Climate 

Change Initiatives.1 As described in the Guidelines, Tribes must be able to choose to share or not 

share traditional knowledges with others. 

Provide adequate funding for climate change adaptation (Chs. 4ς12 and Appendix A). Inadequate 

funding remains one of the greatest barriers for Tribes to plan for and adapt to climate change, as 

well as to mitigate climate change through greenhouse gas reductions and developing a zero-

carbon economy (Chs. 4.2.1, 6, 7, and 12). For example, across the U.S., Tribal communities are 

experiencing land loss due to erosion, flooding, and permafrost thaw (Chs. 4 and 10). Nationwide, 

at least $6.2 billion is needed over the next 50 years to protect, replace, and move existing Tribal 

infrastructure. This amount includes at least $175 million needed annually nationwide over the 

next ten years (Ch. 10). 

                                                             
1 Guidelines for Considering Traditional Knowledges in Climate Change Initiatives:  
https://climatetkw.wordpress.com/about/  

https://climatetkw.wordpress.com/about/
https://climatetkw.wordpress.com/about/
https://climatetkw.wordpress.com/about/
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Increase coordination among federal programs so that financial and technical resources are more 

easily accessed by Tribes and are used more efficiently. When accessing climate change 

adaptation resources, Tribes may face hurdles navigating a federal system in which funding and 

technical expertise are dispersed across multiple departments and programs, each with differing 

and sometimes complicated processes for accessing resources (Ch. 4.2.1, 9, and 10). For example, 

programs that provide funding to construct public drinking water systems are located within seven 

different federal agencies, and there is no lead federal agency or program to help communities 

facing relocation (Ch. 4.2.1 and 10). 

Build and retain capacity within Tribes to manage and adapt their resources and infrastructure to 

climate change through passing down of knowledge between elders and youth, workforce 

development, professional training to increase technical and managerial expertise, and the 

equitable and ethical use of Indigenous knowledges and Western science (see Chs. 3, 4.2.1, 5, 7, 

and 12). Tribal Colleges and Universities, for example, are important institutions for students to 

transition from education to their careers as professionals; on-the-job training programs allow for 

the application of emerging technologies such as those in energy generation; and hiring community 

members first ensures the local community will benefit. Workforce development can transcend 

inequity issues, contribute to strong economies, and help maintain cultural integrity. Federal 

responses should integrate support for these local capacity-building and retention efforts. 

Provide Tribally-focused data, resources, and actionable science to support Tribal decision-making 

(Chs. 3 and 6 and Appendix B). Climate change occurs globally but is experienced locally in a variety 

of ways. Climate change data that is more local and integrated with local observations and 

ƪƴƻǿƭŜŘƎŜ Ŏŀƴ ōŜ ƳƻǊŜ ǊŜƭŜǾŀƴǘ ŦƻǊ ǇƭŀƴƴƛƴƎ ŀƴŘ ŀŎǘƛƻƴǎΦ ¢ƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ ²ŀǎƘƛƴƎǘƻƴΩs Tribal 

Climate Tool,[2] for instance, provides Pacific Northwest Tribes with reservation-specific climate 

change data. Actionable science helps people make better decisions about things they care about 

ŀƴŘ ǎƘƻǳƭŘ ǎǘŀǊǘ ƻŦŦ ǿƛǘƘ ǘƘŜ ǉǳŜǎǘƛƻƴΣ ά²Ƙŀǘ ŘƻŜǎ ǘƘƛǎ ŎƻƳƳǳƴƛǘȅ ǾŀƭǳŜΚέ ¢Ƙƛǎ ƛǎ ŀƛŘŜŘ ōȅ 

engaging Tribes early and often (see above). 

Support the planning and implementation of Tribally-led solutions to Tribally-identified needs 

(Chs. 4.1 and 12 and Appendix A). Due to colonization, Tribes have had decisions about their 

futures imposed on them from outside entities. A key element of Tribal sovereignty involves Tribes 

identifying their own needs and priorities and leading their own responses and actions. The Climate 

{ŎƛŜƴŎŜ !ƭƭƛŀƴŎŜΩǎ ¢Ǌƛōŀƭ ²ƻǊƪƛƴƎ DǊƻǳǇ ƛǎ ƻƴŜ ŜȄŀƳǇƭŜ ƻŦ ǎǳŎŎŜǎǎŦǳƭƭȅ ōǳƛƭŘƛƴƎΣ ǎǳǇǇƻǊǘƛƴƎΣ ŀƴŘ 

accelerating Tribal resilience in a Tribally-led environment in which the planning and 

implementation aspects are fully supported (narrative, Ch. 12). Another example is described by 

the Nottawaseppi Huron Band of the Potawatomi in Ch. 4.1: they had concerns about air pollution 

from area sources, which led to them directing their resources to strategically install PurpleAir 

monitors and develop an Environmental Dashboard to help protect the health of their Tribal 

members.  

 

 

 

 

https://cig.uw.edu/resources/tribal-vulnerability-assessment-resources/tribal-climate-tool/
https://cig.uw.edu/resources/tribal-vulnerability-assessment-resources/tribal-climate-tool/
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Key Message & Recommendation: Integrate Holistic Responses in Line with Tribal Values 

As described above, Tribal worldviews, experiences, and responses embody interconnectedness. 

Cascading impacts from, and holistic and interconnected responses to, climate change are addressed 

throughout the STACC Report and include actionable steps such as: 
 

When developing climate change solutions, recognize the interconnectedness of systems and 

consider strategies that achieve multiple objectives (see Chs. 4.2 and 5). Ocean acidification and 

harmful algae events negatively affect Indigenous food systems and security, human health, and 

local economies. Solutions like clam gardensτessentially, rock walls in bays or inlets that increase 

shellfish productivityτare an integrated response to multiple climate change impacts (e.g., rising 

tides, food security, and ocean acidification) and draw upon traditional knowledges. Exerting 

economic sovereignty through sustainable enterprise development is another strategy Tribes use 

to address system interconnectedness and achieve multiple objectives (see Ch. 6). Additionally, 

rising air temperatures and increasing drought may stress native vegetation, leaving plants more 

vulnerable to insect outbreaks and providing greater opportunities for invasive plants to become 

established. Large-scale, uncharacteristically high-severity wildfires that could contribute to 

ecosystem conversion may continue to increase. Cultural burning is a stewardship practice that can 

enhance ecosystem resilience to climate change and achieve multiple objectives by promoting 

drought-tolerant and fire-adapted vegetation species; inhibiting insect pests that affect foods such 

as nuts, seeds, and berries; mitigating large-scale detrimental fires; and promoting the growth of 

basket-weaving materials and medicinal and food species. By working with the fire regimes of 

native and nonnative vegetation, cultural burning can also inhibit the establishment of invasive 

plants. Momentum is gaining for the use of this multifaceted strategy as recognition of the benefits 

of cultural burning spreads beyond Tribal communities, scientific understanding of the role that fire 

plays in ecosystems builds, and legal policies that limit cultural burns shift (Chs. 4, 4.1, 5, 8, and 12.) 

Increase partnerships across jurisdictional boundaries and at different scales and integrate 

climate change considerations into ongoing planning and implementation processes (Chs. 3, 4.2, 

6, 9, and 12). Climate change impacts are often interconnected and complex, sometimes crossing 

jurisdictional lines. Integrating climate change into ongoing planning and implementation, along 

with collaborative responses at larger geographic scales, has the potential to be more cost-

efficient, more inclusive with respect to decision-making, and less time-consuming and to lead to 

actions that are more sustainable in the long term. Ch. 12 describes how Tribes are participating in 

a variety of cross-boundary, collaborative projects, including the Rio Grande Water Fund hosted by 

The Nature Conservancy. The Fund supports large-scale forest restoration by a variety of entities in 

the ŀŦǘŜǊƳŀǘƘ ƻŦ ŀƴ ŜȄǘŜƴǎƛǾŜ ǿƛƭŘŦƛǊŜ ǘƻ ŜƴǎǳǊŜ ŀ ŎƭŜŀƴ ǿŀǘŜǊ ǎǳǇǇƭȅ ŦƻǊ ǘƘŜ ǊŜƎƛƻƴΩǎ ǇŜƻǇƭŜ ŀƴŘ 

wildlife, both now and in the future. Examples of plans in which climate change can be considered 

as one factor among many include: FEMA Tribal Hazard Mitigation Plans; EPA Tribal Environmental 

Plans; Land/Resource Management Plans; Community Comprehensive Plans; and BIA forest, 

wildland fire, irrigation, fish and wildlife, agricultural, and integrated resource management plans. 

Implement climate adaptation strategies that are proactive versus solely reactive (Chs. 4.2, 4.2.1, 

and 11). In contrast to reactive responses, proactive strategies anticipate future scenarios and plan 
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for problems that may occur before they take place, helping to minimize harm. Climate-resilient 

drinking water systems, for example, provide reliable service with limited disruptions and/or harm 

in the face of changing environmental conditions and extreme climate events. If disruptions occur, 

systems can recover quickly. Infrastructure deficiencies provide opportunities to install new 

infrastructure in climate-resilient ways that can help decrease emergencies. System upgrades 

provide occasions to improve the climate resiliency of existing infrastructure. 

Connect solutions to Tribal values and priorities, and recognize the tangible and intangible 

significance of climate change impacts. Tribes may have different views than their non-Tribal 

counterparts with respect to what they value and prioritize, and not all resources have tangible 

value or risk of loss (Ch. 8). Ch. 5 describes how the Swinomish Indian Tribal Community, for 

instance, developed Indigenous Health Indicators (IHIs) that contrast somewhat with a more 

western view of health. The indicators include community connection, cultural use, education, 

natural resource security, self-determination, and resilience. The Swinomish Tribal government 

used these IHIs to prioritize and make decisions about how to use limited time and resources to 

address sea level rise and storm surge impacts to key first foods habitats. 

{ǳǇǇƻǊǘ ¢ǊƛōŜǎΩ just transitions away from fossil fuels. Tribal self-determination means that 

decisions made by individual Tribes will vary, but a just transition away from fossil fuels and 

towards renewable energy will ensure that regenerative and sustainable economies are a part of 

the restoration of Indigenoǳǎ ǇŜƻǇƭŜǎΩ ƭƛŦŜǿŀȅǎ ό/ƘǎΦ с ŀƴŘ тύΦ {ƻƳŜ ¢Ǌƛōŀƭ ŜŎƻƴƻƳƛŜǎ ŀǊŜ 

dependent on fossil fuels, which is an unsustainable economic model, and the burning of fossil 

ŦǳŜƭǎ ƛǎ ǳƭǘƛƳŀǘŜƭȅ ŘǊƛǾƛƴƎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ ¢ƘŜ IƻǇƛ ¢ǊƛōŜΩǎ ŜŎƻƴƻƳȅ Ƙŀǎ ŘŜǇŜƴŘŜŘ ƻƴ Ŏƻŀƭ ŦƻǊ рл 

yŜŀǊǎΣ ŀƴŘ ǘƘŜ ŎƭƻǎǳǊŜ ƻŦ ǘƘŜ ŀǊŜŀΩǎ Ŏƻŀƭ ƳƛƴŜ ǿŀǎ ŀ ŘŜǾŀǎǘŀǘƛƴƎ ƭƻǎǎΦ ¢ƘŜ ¢ǊƛōŜ ƛǎ ǿƻǊƪƛƴƎ ǘƻǿŀǊŘǎ 

transitioning to renewable energy development to improve the health of the community while also 

creating new revenue and jobs (narrative, Ch. 7).   

 

The 2021 STACC Report is the first of its kind. Future STACC Reports will seek to identify new topics and 

developments important to Tribes and current topics that this edition did not cover. The authors of 

future Reports will also continue to strive to integrate topics holistically. 

 

Building on the successes of Tribes and individuals who have dedicated their lives to elevating 

LƴŘƛƎŜƴƻǳǎ ǇŜƻǇƭŜǎΩ ŎƻƴŎŜǊƴǎ ŀƴŘ ƛƳǇƭŜƳŜƴǘƛƴƎ ǘƘŜ ŎƘŀƴƎŜǎ ƛƳǇŜǊŀǘƛǾŜ ǘƻ ƛƳǇǊƻǾƛƴƎ ǘƘŜƛǊ ƭƛǾŜǎΣ ǘƘŜ 

2021 STACC Report demonstrates the unique climate change impacts experienced by Tribes and the 

many ways they are responding. Gaining an understanding of Tribal worldviews, traditional knowledges, 

and the increased impacts that many Tribal communities face may lead to improved responses to 

climate change in the U.S. and greater environmental and social justice for the original peoples of this 

land. When we recognize we are not separate from our natural environment and value justice, equity, 

and respect for all our relations, we may collectively achieve a society in which all can thrive. 
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NOTES ON TERMINOLOGY 
The terminology employed throughout the Status of Tribes 

and Climate Change Report reflects an effort to emphasize 

the importance of the meanings of Indigenous concepts, 

worldviews, knowledge, and languages. In some cases, there 

are straightforward words that can be used whose meanings 

correspond appropriately with Indigenous meanings. In 

other cases, readers have to exercise a respectful 

interpretation that there may be few if any appropriate 

English language words that correspond appropriately with 

Indigenous meanings. Some of the authors of the 

Indigenous peoples sections and chapter of the NCA4 

developed a document titled Indigenous Peoples 

Terminology for the Fourth National Climate Assessment,2 

where they thoughtfully laid out definitions of terms. While, 

for the most part, the terminology used in this Report is in alignment with the definitions in the NCA4 

terminology document, there are a few slight differences. Readers of the Report should expect to see 

diverse choices made about terminology. The rule used in the Report is to use terminology consistent 

with the best expression of information about Indigenous understanding, experience, and goals with 

respect to climate change. The authors collaborated with one another to determine what choices would 

be made about terminology. While the following list is not exhaustive, key terminology and stylistic 

choices are as follows: 

 

Indigenous peoples: ¢ƘŜ ǘŜǊƳ άLƴŘƛƎŜƴƻǳǎ ǇŜƻǇƭŜǎέ is used to be inclusive of self-determining societies 

whose political and cultural foundations pre-exist the formation of the United States, regardless of their 

ǊŜŎƻƎƴƛǘƛƻƴ ǎǘŀǘǳǎ ōȅ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ƎƻǾŜǊƴƳŜƴǘΦ άLƴŘƛƎŜƴƻǳǎ ǇŜƻǇƭŜǎέ ƛƴŎƭǳŘŜǎ ǘƘŜ ртп ŦŜŘŜǊŀƭƭȅ 

recognized Tribes as of 2020, Native Hawaiians, state-recognized Tribes, and unrecognized Tribes and 

peoples. More specific terms will be used where the particular government, legal, cultural, or diplomatic 

ǎƛǘǳŀǘƛƻƴ ƛǎ ōŜƛƴƎ ǊŜŦŜǊŜƴŎŜŘΦ LƴŘƛƎŜƴƻǳǎ ǇŜƻǇƭŜǎΩ ǎŜƭŦ-determination can be best respected by using 

terminology that acknowledges Indigenous governance systems. Indigenous peoples are not 

stakeholders, but self-governing and sovereign societies. The authors of the Report must rely on general 

ǿƻǊŘǎ ƭƛƪŜ άŎǳƭǘǳǊŜέ ƻǊ άƪƴƻǿƭŜŘƎŜέ to stand in for complex, place-based institutions and scientific 

traditions, which can fail to convey the diversity of Indigenous peoplesΩ lifeways and social structures. In 

some parts of the Report, the authors are deliberate ǘƻ ǳǎŜ ǿƻǊŘǎ ǎǳŎƘ ŀǎ άǎƻƳŜέ ƻǊ άŘƛǾŜǊǎŜέ ǘƻ ŎƻƴǾŜȅ 

differences across Indigenous peoples.  

 

Terms such as Tribe, Tribal, Tribal peoples, Tribal communities, and Indigenous peoples are all used 

ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ wŜǇƻǊǘΣ ŀǎ ŀǇǇǊƻǇǊƛŀǘŜ ǘƻ ǘƘŜ ŎƻƴǘŜȄǘΦ ¢ƘŜ ǘŜǊƳ ά!ƭŀǎƪŀ bŀǘƛǾŜǎέ ƛǎ ŀ ŦƻǊƳŀƭΣ legal, and 

functional term used specifically to refer to the Indigenous peoples of Alaska. 

                                                             
2 Indigenous Peoples Terminology for the Fourth National Climate Assessment: 
http://www7.nau.edu/itep/main/tcc/docs/resources/Indigenous Peoples Terminology for NCA4_final.pdf  

Chapter Lead 

Kyle Whyte (University of Michigan) 

 

Chapter Co-Authors 

Status of Tribes and Climate Change 

Working Group (STACCWG) 

 

Recommended Citation 

Whyte, K., & STACCWG. (2021). 

Terminology. In Status of Tribes and 

Climate Change Report [Marks-

Marino, D. (ed.)]. Institute for Tribal 

Environmental Professionals, pp. 15ς

17. 

 

http://www7.nau.edu/itep/main/tcc/docs/resources/Indigenous%20Peoples%20Terminology%20for%20NCA4_final.pdf
http://www7.nau.edu/itep/main/tcc/docs/resources/Indigenous%20Peoples%20Terminology%20for%20NCA4_final.pdf
http://www7.nau.edu/itep/main/tcc/docs/resources/Indigenous%20Peoples%20Terminology%20for%20NCA4_final.pdf
http://www7.nau.edu/itep/main/tcc/docs/resources/Indigenous%20Peoples%20Terminology%20for%20NCA4_final.pdf
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Capitalization choices: Consistent with some academic and international conventions, there will be 

capitalization of the words "Indigenous" and "Tribe/Tribal." It is important to be aware that there is no 

universal or widely accepted rule about capitalization. Different authoritative sources on grammar and 

styleτwhether from professional societies, style guides, political agencies, or international 

organizationsτoffer different and incongruent guidance. The decisions about capitalization in this 

Report reflect the will of the authors and steering committee who sought to focus on being respectful of 

Indigenous self-determination and being vigilant about past and continuing textual assumptions that can 

ƳŀǊƎƛƴŀƭƛȊŜ LƴŘƛƎŜƴƻǳǎ ǇŜƻǇƭŜǎΩ ǇǊŜǎŜƴŎŜΦ  

 

In this Report, the terms "LƴŘƛƎŜƴƻǳǎϦ ŀƴŘ Ϧ¢ǊƛōŜκ¢Ǌƛōŀƭέ are being used to denote specific meanings of 

Indigeneity tied to government, culture, and diplomacy. For this reason, the Report is conveying to the 

reader meanings that actually do fulfill a certain conventional wisdom about when to capitalize. There 

may be some isolated instances in the Report when capitalization may not be respectful or 

conventional, which the Report's lead authors took responsibility in evaluating. In cases of the terms 

"Indigenous peoples" and "Tribal nations," the rule followed in the Report is not to capitalize "peoples" 

or "nations," unless a particular usage is conventional in some context. One example of an exception is 

the use of the term "First Nations" in Canada, which almost always capitalizes "Nations."  

 

Terminology related to ecosystems and climate change: LƴŘƛƎŜƴƻǳǎ ǇŜƻǇƭŜǎΩ ƪƴƻǿƭŜŘƎŜ ǎȅǎǘŜƳǎ ƘŀǾŜ 

developed different concepts for understanding ecosystems, biodiversity, and climate change. Yet given 

the dominance of the English language, Indigenous persons have had to find ways to communicate 

collaboratively in English with non-Indigenous persons. Indigenous leaders, knowledge keepers, and 

scholars have expressed concern that some English-language concepts do not give sufficient awareness 

or respect to how Indigenous peoples understand relationships with the environment, especially when 

considering Indigenous conceptions of cosmology, kinship, and responsibility. Terms or phrases like 

"ecosystem services," "biota," or "invasive species" are important examples. These terms or phrases can 

connote instrumental, physical, and transactional relationships with species and aspects of the 

environment, but exclude relationships that carry important connotations regarding obligations and 

responsibilities for caretaking and kinship that are fundamental within many Indigenous peoples' 

cosmologies, worldviews, and cultures. The authors took seriously the problem of navigating the 

dominance of the English language and how such dominance affects Indigenous expression.  

 

The Report does, in places, use more Indigenous-inspired conventions in English, where appropriate. For 

example, instead of "ecosystem services," some parts of the Report discuss responsibilities connecting 

diverse species in mutually beneficial relationships. Instead of using scientific names for individual 

species, some authors may use common names for ease of understanding by Indigenous peoples. At the 

same time, some of these English-language terms are best preserved to protect the scientific integrity of 

the terminology within particular literature. In other cases, Indigenous peoples have used these terms to 

enhance communication within multicultural exchanges of information. In some parts of the Report, 

άƪƴƻǿƭŜŘƎŜέ ƛǎ ǇƭǳǊŀƭƛȊŜŘ ŀǎ άƪƴƻǿƭŜŘƎŜǎέ ǘƻ ǊŜŦƭŜŎǘ ǘƘŜ ŘƛǾŜǊǎƛǘȅ ƻŦ ƪƴƻǿƭŜŘƎŜ ǿƛǘƘƛƴ LƴŘƛƎŜƴƻǳǎ 

peoples and across them.  
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Certain Indigenous individuals and cultures refer to living entities as beings, and their use of this term 

may apply to or encompass humans, plants, animals, or even microorganisms. Additional context may 

be provided as far as, for example, whether beings are welcomed or unwelcomed (e.g., pathogens) or 

whether they have long been present in Indigenous communities or areas or whether they are newly 

arrived (invasive). 

 
Some Suggested Reading with Connections to Choices on Terminology  

.ƛǊŘΣ aΦ ¸Φ όмфффύΦ ²Ƙŀǘ ²Ŝ ²ŀƴǘ ǘƻ .Ŝ /ŀƭƭŜŘΥ LƴŘƛƎŜƴƻǳǎ tŜƻǇƭŜǎΩ tŜǊǎǇŜŎǘƛǾŜǎ ƻƴ wŀŎial and Ethnic Identity 
Labels. American Indian Quarterly, 23(2), 1ς21. https://doi.org/10.2307/1185964 
IJIHDefiningIndigenousPeoplesWithinCanada.pdf. (n.d.). Retrieved November 15, 2020, from https://journals-uvic-
ca.proxy.lib.umich.edu/journalinfo/ijih/IJIHDefiningIndigenousPeoplesWithinCanada.pdf 
 
CTKW (Climate and Traditional Knowledges Workgroup) (2016). The Ethics of Traditional Knowledge Exchange in 
Climate Change Initiatives. Earthzine. http:// earthzine.org/2015/07/31/the-ethics-of-traditional-knowledge-
exchange-in-climate-change-initiatives/. Retrieved December 1, 2020.  
 
Johnson, J. T., Cant, G., Howitt, R., & Peters, E. (2007). Creating Anti-colonial Geographies: Embracing Indigenous 
tŜƻǇƭŜǎΩ Knowledges and Rights. Geographical Research, 45(2), 117ς120. https://doi.org/10.1111/j.1745-
5871.2007.00441.x 
 
Walter, M., & Andersen, C. (2013). Indigenous statistics: A quantitative research methodology. Walnut Creek, CA: 
Left Coast Press. 
 
Whyte, K. P. (2013). On the role of traditional ecological knowledge as a collaborative concept: A philosophical 
study. Ecological processes, 2(1), 1-12. 
 
Younging, G. (2018). Elements of Indigenous Style: A Guide for Writing By and About Indigenous Peoples. Brush 
Education. 

  

https://journals-uvic-ca.proxy.lib.umich.edu/journalinfo/ijih/IJIHDefiningIndigenousPeoplesWithinCanada.pdf
https://journals-uvic-ca.proxy.lib.umich.edu/journalinfo/ijih/IJIHDefiningIndigenousPeoplesWithinCanada.pdf
http://earthzine.org/2015/07/31/the-ethics-of-traditional-knowledge-exchange-in-climate-change-initiatives/
http://earthzine.org/2015/07/31/the-ethics-of-traditional-knowledge-exchange-in-climate-change-initiatives/
https://doi.org/10.1111/j.1745-5871.2007.00441.x
https://doi.org/10.1111/j.1745-5871.2007.00441.x
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ACRONYMS USED IN THIS REPORT 
ACS U.S. Census Bureau's American Community Survey 

AF Acre Feet 

AI/AN American Indians and Alaska Natives 

AIHEC American Indian Higher Education Consortium 

ANCSA Alaska Native Claims Settlement Act 

ANTHC Alaska Native Tribal Health Consortium 

AOS Arctic Observing Summit 

AP Adaptation Plan 

APHIS Animal and Plant Health Inspection Service 

AQP Air Quality Program 

ASPIRE Advancing Science Partnerships for Indoor Reductions of Smoke Exposures 

ATNI Affiliated Tribes of Northwest Indians 

BGA Blue-Green Algae 

BIA Bureau of Indian Affairs 

BLM Bureau of Land Management 

BMP Best Management Practices 

BOD Biological Oxygen Demand 

BRFO Blue River Foundation of Oklahoma 

CAA Clean Air Act 

CAKE Climate Adaptation Knowledge Exchange 

CASC Climate Adaptation Science Center 

CCHRC Cold Climate Housing Research Center 

CDC Centers for Disease Control and Prevention 

CFLRP Collaborative Forest Landscape Restoration Program 

cfs Cubic Feet per Second 

CJRF Climate Justice Resilience Fund 

CNRA Chickasaw National Recreation Area 

CPN Citizen Potawatomi Nation 

CRCCS Cultural Resources Climate Change Strategy 

CRS Congressional Research Service 

CRWU Creating Resilient Water Utilities 

CSA Climate Science Alliance 

CSKT Confederated Salish and Kootenai Tribes 

CSZ Cascadia Subduction Zone 

CTKW Climate and Traditional Knowledges Workgroup 

CTUIR Confederated Tribes of the Umatilla Indian Reservation 

DOE Department of Energy 

DOI Department of Interior 

EAB Emerald Ash Borer 

ECHO Enforcement Compliance History Online 

EEOP Environmental Education Outreach Program 

EI Emissions Inventory 

EPA Environmental Protection Agency 
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ESFs Emergency Support Functions 

FARR Federal Air Rules for Reservations 

FEMA Federal Emergency Management Agency 

FHORT Framework of Historical Oppression, Resilience and Transcendence 

FRP Fire Radiative Power 

FWS Fish and Wildlife Service 

GAO Government Accountability Office 

GAP General Assistance Fund 

GCRA Global Change Research Act 

GIS Geographic Information System 

GLIFWC Great Lakes Indian Fish & Wildlife Commission 

GSHP Ground Source Heat Pump 

HAB Harmful Algal Bloom 

HAE Harmful Algae Event 

HEARTH Helping Expedite and Advance Responsible Tribal Home Ownership 

HITS Home Inventory Tracking System 

HMGP Hazard Mitigation Grant Program 

HMP Hazard Mitigation Plan 

HNR Hanford Nuclear Reservation 

HRL Health Reference Level 

HUD Housing and Urban Development 

HWB Health and Wellbeing 

IDEQ Idaho Department of Environmental Quality 

IDJC Isle de Jean Charles 

IEN Indigenous Environmental Network 

IGAP Indian General Assistance Program 

IGSM-CAM Integrated Global System ModelςCommunity Atmosphere Model 

IHIs Indigenous Health Indicators 

IHS Indian Health Services 

IK Indigenous Knowledge 

IPCC Intergovernmental Panel on Climate Change 

IPCCWG Indigenous Peoples Climate Change Working Group 

IRMP Integrated Resource Management Plan 

ITEDSA Indian Tribal Energy Development and Self-Determination Act 

ITEP Institute for Tribal Environmental Professionals 

ITF Infrastructure Task Force 

KSM Kerr Sulphurets Mitchell 

LAWA Lake of the Arbuckles Watershed Association 

LPNF Los Padres National Forest 

MACS Multiagency Coordination Groups 

MCL Maximum Contaminant Level 

MTE Menominee Tribal Enterprises 

MW Megawatts 

NAFSI Native Agriculture and Food Systems Scholarships 

NASA National Aeronautics and Space Administration  
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NAU Northern Arizona University 

NCA National Climate Assessment 

NCAI National Congress of American Indians 

NFIP National Flood Insurance Program 

NGO Nongovernmental Agency 

NHBP Nottawaseppi Huron Band of the Potawatomi 

NIACS Northern Institute of Applied Climate Science  

NICC National Indian Carbon Coalition 

NIMS National Incident Management System 

NOAA National Oceanic and Atmospheric Administration 

NPNH II Native Peoples-Native Homelands second workshop 

NPS National Park Service 

NREL National Renewable Energy Laboratory 

NRF National Response Framework 

NTAA National Tribal Air Association 

NTEMC National Tribal Emergency Management Council 

NYCALC Native Youth Community Adaptation and Leadership Congress 

O&M Operations and Maintenance 

ODEQ Oklahoma Department of Environmental Quality 

PAH Polycyclic Aromatic Hydrocarbons 

PBPN Prairie Band Potawatomi Nation 

PM Particulate Matter 

PNSN Pacific Northwest Seismic Network 

PNW Pacific Northwest   

PSP Paralytic Shellfish Poisoning 

PTSD Post-traumatic Stress Disorder 

PV Photovoltaic 

PWS Public Water System or Public Drinking Water System 

RCPs Representative Concentration Pathways 

RPS Renewable Portfolio Standard 

RTC Reservation Tribal Council 

SAFER Safe and Affordable Funding for Equity and Resilience 

SAITC Southeast Alaska Indigenous Transboundary Commission 

SDS Sanitation Deficiency System 

SDWA Safe Drinking Water Act 

SEATOR Southeast Alaska Tribal Ocean Research 

SMBMI San Manuel Band of Mission Indians 

SMM Sustainable Materials Management 

STACC Status of Tribes and Climate Change 

STACCWG Status of Tribes and Climate Change Working Group 

STA-ERL Sitka Tribe of Alaska Environmental Research Lab 

STAR Status of Tribal Air Report 

STEAM Science, Technology, Engineering, Art, and Math 

STEM Science, Technology, Engineering, and Math 

SYCEO Santa Ynez Band of Chumash Indians Environmental Office 
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TAM Tribal Adaptation Menu 

TAP Tribal Alliance for Pollinators 

TAR Tribal Authority Rule 

TCRP Tribal Climate Resilience Program 

TCUs Tribal Colleges and Universities 

TDS Total Dissolved Solids 

TEAM Tribal Environmental Action for Monarchs 

TEISS Tribal Emissions Inventory Software Solution 

TERA Tribal Energy Resource Agreements 

TNC The Nature Conservancy 

TWG Tribal Working Group 

UCAR University Corporation for Atmospheric Research 

UCMR Unregulated Contaminant Monitoring Rule 

UNDRIP United Nations Declaration on the Rights of Indigenous Peoples 

USDA United States Department of Agriculture 

USEPA United States Environmental Protection Agency 

USFS United States Forest Service 

USGCRP U.S. Global Change Research Program 

USGS United States Geological Survey 

VA Vulnerability Assessment 

VW Volkswagen 

WCS Wildlife Conservation Society 

WQI Water Quality Index 

WQMP Water Quality Monitoring Program 
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INTRODUCTION 
The Status of Tribes and Climate Change (STACC) Report 

seeks to uplift and honor the voices of Indigenous peoples 

across the U.S. to increase understanding of Tribal lifeways, 

cultures, and worldviews; the climate change impacts Tribes 

are experiencing; the solutions they are implementing; and 

ways that all of us can support Tribes in adapting to our 

changing world. The Indigenous peoples of North America 

have seen many hardships, including legacies of colonialism, 

forced assimilation, intergenerational trauma, upheaval and 

repression of Native economic systems, and the loss of 

ancestral lands, languages, natural resources, and traditions 

but have continually proven to be resilient and innovative in 

finding solutions. This resiliency dates back thousands of 

ȅŜŀǊǎ ǘƻ ǘƛƳŜ ƛƳƳŜƳƻǊƛŀƭ ŀƴŘ ƘƻƭŘǎ ǘǊǳŜ ƛƴ ǘƻŘŀȅΩǎ ŎƘŀƴƎƛƴƎ 

climate. Furthermore, as this Report and the narratives 

herein demonstrate, Tribes are often at the leading edge in adapting to climate change; implementing 

locally based, scientifically supported actions to mitigate climate change; and creating the necessary 

systemic shifts to reconnect people with both environment and community. Despite this resiliency, 

climate change impacts for many Tribal communities are already severe, the challenges they face 

responding to impacts are daunting, and the need to take action is urgent. 

 

Tribal ability to respond to climate change is influenced by capacity and the degree to which they can 

exercise their sovereignty, which is in turn influenced by external policies. The Doctrine of Discovery is 

one such external policy and was utilized from the mid-1400s through the mid-1900s to influence and 

justify the dispossession of Indigenous lands. Ideas that led to the Doctrine of Discovery predate the 

colonization of the Americas, with foundational elements dating back as early as the 1100s (Upstander 

Project, n.d.). Federal Indian policy has shifted over time, in large part due to the ongoing efforts of 

Tribal communities who have continually engaged in activism, political participation, and resistance 

movements. Previous eras of federal Indian policy include Relocation (1828ς1887),3 Allotment and 

Assimilation (1887ς1934), Indian Reorganization (1934ς1953), Termination (1953ς1968), and Self-

Determination (1968ςpresent) (Pevar, 2012). Most recently, federal Indian policy has coupled Self-

Determination with Self-DƻǾŜǊƴŀƴŎŜΣ ǿƘƛŎƘ άǊŜǘǳǊƴǎ ŘŜŎƛǎƛƻƴ-making authority and management 

ǊŜǎǇƻƴǎƛōƛƭƛǘƛŜǎ ǘƻ ¢ǊƛōŜǎέ όas quoted in Wilkins & Kiiwetinepinesiik Stark, 2011). This is implemented 

across several federal agencies through self-determination contracts and compacts with Tribes to 

manage, develop, and take ownership of their programs, functions, services, and activities, including 

many environmental and health programs.  

                                                             
3 The Treaty-Making Era (~1778ς1871) and the Removal Era (~1820ς1850) overlap with the Relocation Era; the 
Removal Era is very similar to the Relocation Era. 
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On January 26, 2021, President Biden released a Memorandum on Tribal Consultation and 

Strengthening Nation-to-Nation Relationships,4 reaffirming the critical importance of Executive Order 

момтрΣ ǿƘƛŎƘ ŎƘŀǊƎŜǎ ŀƭƭ ŦŜŘŜǊŀƭ ŀƎŜƴŎƛŜǎ ǘƻ ŜƴƎŀƎŜ ƛƴ άǊŜƎǳƭŀǊΣ ƳŜŀƴƛƴƎŦǳƭΣ ŀƴŘ Ǌƻōǳǎǘ Ŏƻƴǎǳƭǘŀǘƛƻƴ 

ǿƛǘƘ ¢Ǌƛōŀƭ ƻŦŦƛŎƛŀƭǎΣέ ƛƴ ŀƭƭ ƳŀǘǘŜǊǎ ǿƛǘƘ ¢Ǌƛōŀƭ ƛƳǇƭƛŎŀǘƛƻƴǎΦ ¢ƘŜ memorandum opens with the following 

paragraph: 

American Indian and Alaska Native Tribal Nations are sovereign governments 

recognized under the Constitution of the United States, treaties, statutes, Executive 

Orders, and court decisions.  It is a priority of my Administration to make respect for 

Tribal sovereignty and self-governance, commitment to fulfilling Federal trust and 

treaty responsibilities to Tribal Nations, and regular, meaningful, and robust 

consultation with Tribal Nations cornerstones of Federal Indian policy. The United 

States has made solemn promises to Tribal Nations for more than two centuries.  

Honoring those commitments is particularly vital now, as our Nation faces crises 

related to health, the economy, racial justice, and climate changeτall of which 

disproportionately harm Native Americans.  History demonstrates that we best serve 

Native American people when Tribal governments are empowered to lead their 

communities, and when Federal officials speak with and listen to Tribal leaders in 

formulating Federal policy that affects Tribal Nations. 

 

Understanding Tribal Sovereignty 

In order to effectively support Tribes in their efforts to address climate change, it is vital to understand 

both Tribal sovereignty, self-determination, the federal trust responsibility, and consultation 

requirements within the government-to-government relationship. Tribal sovereignty is the inherent 

right of American Indians and Alaska Natives to govern themselves, and any decisions that could impact 

their property or citizens must be made with their participation and consent (NCSL, 2013; USDOI 

Frequently Asked QǳŜǎǘƛƻƴǎΣ ƴΦŘΦύΦ {ƛƳƛƭŀǊ ǘƻ ǎǘŀǘŜǎΣ ¢ǊƛōŜǎ άǇƻǎǎŜǎǎ ǘƘŜ ǊƛƎƘǘ ǘƻ ŦƻǊƳ ǘƘŜƛǊ ƻǿƴ 

governments; to make and enforce laws, both civil and criminal; to tax; to establish and determine 

membership (i.e., tribal citizenship); [and] to ƭƛŎŜƴǎŜ ŀƴŘ ǊŜƎǳƭŀǘŜ ŀŎǘƛǾƛǘƛŜǎ ǿƛǘƘƛƴ ǘƘŜƛǊ ƧǳǊƛǎŘƛŎǘƛƻƴΧέ 

(USDOI Frequently Asked Questions, n.d.). The Indian Self-Determination and Education Assistance Act 

of 1975 articulates a pathway for Tribal control, responsibility, and autonomy over programs and 

services usually administered by the Bureau of Indian Affairs (USDOI Self-Determination, n.d.; USDOI 

Frequently Asked Questions, n.d). The federal trust responsibility addresses the reality that Tribal 

nations ceded their homelands in exchange for the guarantee of protection of their rights to self-

government and lands and of provision for federal assistance (NCAI Tribal Governance, n.d.). The 

government-to-government (or nation-to-nation) relationship is a fundamental principle of the federal 

trust responsibility (NCAI State/Tribal Relations, n.d.), and government-to-government consultation 

must occur from the beginning stages of all decision-making that could potentially impact Tribes. 

 

                                                             
4 Memorandum on Tribal Consultation and Strengthening Nation-to-Nation Relationships, January 21, 2021, 

https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/26/memorandum-on-tribal-

consultation-and-strengthening-nation-to-nation-relationships/  

https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/26/memorandum-on-tribal-consultation-and-strengthening-nation-to-nation-relationships/
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/26/memorandum-on-tribal-consultation-and-strengthening-nation-to-nation-relationships/
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/26/memorandum-on-tribal-consultation-and-strengthening-nation-to-nation-relationships/
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/26/memorandum-on-tribal-consultation-and-strengthening-nation-to-nation-relationships/
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Elevating Tribal Voices 

The STACC Report includes 34 narrative submissions directly from Tribes, which are identified in the 

Report by using green font. These narratives include diverse voices that speak of the innovative, active, 

collaborative projects addressing the serious challenges that Tribes face, their searches for solutions, 

their use of both traditional knowledges and Western science, and much more. Impacts from climate 

change and Tribal responses to climate change are as diverse as are the Tribes across the U.S. As the 

narratives in this Report demonstrate, many Tribes are on the cutting edge of climate change adaptation 

and mitigation, while others struggle with limited capacity to respond to the major changes they are 

experiencing. Tribes have shown time and again that their traditional lifeways, worldviews, knowledges, 

and wisdom provide guidance for the systemic shift that is necessary to create a sustainable, reciprocal 

relationship with the environment.  

 

The design of the STACC Report reflects the intention to uplift and honor Indigenous voices. Section 1: 

Briefing on Climate Change in the Tribal Context gives an overview for the reader to deepen their 

understanding of how Tribal lifeways and cultures influence their potential responses to climate change 

and how their lifeways and cultures are dependent upon clean air and water, healthy soils, and the 

ability to exercise their inherent sovereignty. Section 2: Impacts & Solutions by Topic is structured to 

highlight the Tribal narratives by including them in the beginning of each chapter, followed by reviews of 

each topic by the diverse writing teams. The Conclusion, Key Messages, and Recommendations includes 

a full listing of the key messages and recommendations generated by the authors of each chapter. 

Appendix A: Funding highlights key resources to assist Tribes in developing funding strategies for Tribal 

climate change projects, and Appendix B: Resources provides descriptions and links to resources of all 

types mentioned throughout the STACC Report. 

 

The topic reviews in Sections 1 and 2 were written by teams of authors representing a wide array of 

backgrounds and expertise who include elements from their own experiences and knowledge as well as 

information from the most current peer-reviewed literature. These teams provide diverse expertise, 

writing styles, and perspectives on the key points to address in Tribal responses to climate change. 

 

The STACC Report seeks to create dialogue across diverse cultures, heritages, and worldviews. Many 

Indigenous perspectives worldwide describe the environment, climate change, and the various impacts 

and solutions as an interconnected whole, demonstrating some of the uniqueness of how Indigenous 

peoples understand the world. (See Chapter 2: Worldviews, Knowledges, & Social Impacts.) The 

Indigenous Holistic Worldview Illustration (Figure 1) was developed for this Report to visually depict the 

interconnected way in which many Indigenous peoples experience the world. For most Indigenous 

communities, there is no separation between earth, sky, water, humans, animals, plants, and other 

elements. All are interconnected relations, and the experiences of one inevitably affect the others. 

Other factors also influence these interconnected systems, such as the legacy of colonialism, guidance 

from ancestors, choices today that will affect future generations, and climate change.    

 

The 2021 STACC Report also seeks to inform the work of the U.S. National Climate Assessment (NCA). As 

described in the next chapter, the NCA has included Indigenous peoples in the last several iterations, 



 

25 
 

most heavily in Chapter 15: Tribes and Indigenous Peoples in NCA4 (2018), but the need for a deeper 

dive into the experiences and circumstances of Tribal peoples required a novel approach. Hence, the 

STACC Report was created. While the 2021 STACC Report addresses a wide variety of topics, it is by no 

means exhaustive of all the impacts felt by Tribes, solutions implemented by Tribes, or factors that 

impact Tribes, as related to climate change. Future editions of the STACC Report will attempt to fill the 

gaps left by the 2021 edition, as well as provide updates that occur between now and the next 

publication.  

 

Figure 1. The Indigenous Holistic Worldview Illustration visually depicts the interconnected way in which many 
Indigenous peoples experience the world and includes factors that influence the natural world. The various topics that 
the STACC Report addresses are included in the roots to demonstrate that while the Report is divided into independent 
chapters, the topics are, in reality, part of an interdependent whole. The Illustration shape resembles a turtle in 
reference to Turtle Island, as some of the creation stories of Indigenous peoples of North America include a turtle, 
which can be thought of as either the continent of North America or as the entire Earth, depending on the storyteller. 
Illustration design: Coral Avery and Molly Tankersley 
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SECTION 1: BRIEFING ON CLIMATE CHANGE IN THE TRIBAL CONTEXT 

Chapter 1: History of Indigenous Peoples in National Climate 
Assessments 

 

 

Indigenous peoples globally have worked to advance their equitable participation in high-stakes 

ǎŎƛŜƴǘƛŦƛŎ ǊŜǇƻǊǘǎΦ Lƴ bŜǿ ½ŜŀƭŀƴŘΣ ŀ aņƻǊƛ ²ƻǊƪƛƴƎ DǊƻǳǇ ƻƴ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŦƻǊƳŜŘ ŦƻƭƭƻǿƛƴƎ ǘƘŜ 

establishment of the New Zealand Climate Change Programme in 1988 and a workshop that same year 

ŜƴǘƛǘƭŜŘ ά/ƭƛƳŀǘŜ /ƘŀƴƎŜΥ ¢ƘŜ bŜǿ ½ŜŀƭŀƴŘ wŜǎǇƻƴǎŜέ ό¢ǳƴƪǎΣ мффтύΦ ¢ƘŜ !ǊŎǘƛŎ /ƻǳƴŎƛƭ ŎŀƭƭŜŘ ŦƻǊ ǘƘŜ 

ŎǊŜŀǘƛƻƴ ƻŦ ǘƘŜ !ǊŎǘƛŎ /ƭƛƳŀǘŜ LƳǇŀŎǘ !ǎǎŜǎǎƳŜƴǘΣ ǿƘƛŎƘ ƛǎǎǳŜŘ ŀ нллп ǊŜǇƻǊǘ ŜƴǘƛǘƭŜŘ άLƳǇŀŎǘǎ ƻŦ ŀ 

²ŀǊƳƛƴƎ !ǊŎǘƛŎΦέ !t the time, and currently, the Council consists of eight arctic states, six Indigenous 

permanent participants, and various official observers. The Indigenous permanent participants include 

ǘƘŜ !ƭŜǳǘ LƴǘŜǊƴŀǘƛƻƴŀƭ !ǎǎƻŎƛŀǘƛƻƴΣ !ǊŎǘƛŎ !ǘƘŀōŀǎƪŀƴ /ƻǳƴŎƛƭΣ DǿƛŎƘΩƛƴ /ƻǳƴŎƛƭ LƴǘŜǊƴŀǘƛƻƴal, Inuit 

Circumpolar Council, Russian Association of Indigenous Peoples of the North, and Saami Council (Arctic 

Climate Impact Assessment, 2004). Diverse scientific reports, more locally and globally, have their own 

histories of engagement with and involvement of Indigenous peoples (see, for example: Goode et al., 

2018; IPCC, 2019). 

 

In the U.S., diverse Indigenous peoples and Indigenous educational institutions, such as Tribal colleges 

and universities, have long been involved with scientific research and assessment performed by federal 

and state agencies, universities, and nonprofit organizations. We will discuss the many ways that, since 
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at least the mid-1990s, Indigenous persons have been substantively involved with the U.S. Global 

Change Research Program (USGCRP), a program mandated by Congress in the Global Change Research 

!Ŏǘ όD/w!ύΦ ¢ƘŜ D/w! ƻŦ мффл ǎŜŜƪǎ ǘƻ ŀŘǾŀƴŎŜ άŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŀƴŘ ƛƴǘŜƎǊŀǘŜŘ ¦ƴƛǘŜŘ {ǘŀǘŜǎ 

research program, which will assist the Nation and the world to understand, assess, predict, and 

respond to human-induced and natural processes ƻŦ Ǝƭƻōŀƭ ŎƘŀƴƎŜΦέ 

 

One of the first engagements was the Native Peoples-Native Homelands Workshop (Albuquerque, NM, 

1998), which was organized by NASA and the Intertribal Council on Utility Policy. The workshop included 

over 100 participants representing Tribal leadership, Tribal organizations, Indigenous knowledge-

keeping traditions, U.S. government, and climate science. The final report from that workshop, titled 

Circles of Wisdom, was published in 2002 (Maynard, 2002). The report references the Indigenous-

focused chapter in the first NCA (NCA1) (National Assessment Synthesis Team, 2000). It states, 

άCƻƭƭƻǿƛƴƎ ǘƘƛǎ ǿƻǊƪǎƘƻǇΣ ǘƘŜ ŘƛǎŎǳǎǎƛƻƴ ǊŜǎǳƭǘǎ ŦǊƻƳ ǘƘŜ ²ƛǎŘƻƳ /ƛǊŎƭŜǎ ό.ǊŜŀƪƻǳǘ DǊƻǳǇǎύ ǿŜǊŜ 

synthesized and augmented based upon comments from a number of workshop participants and other 

ǊŜǾƛŜǿŜǊǎ ƛƴǘƻ ǿƘŀǘ ƛǎ ƴƻǿ /ƘŀǇǘŜǊ мн ƻŦ ǘƘŜ ¦Φ{Φ bŀǘƛƻƴŀƭ !ǎǎŜǎǎƳŜƴǘέ όaŀȅƴŀǊŘΣ нллнΣ 9ŘƛǘƻǊΩǎ 

Notes). The chapter is titled, άtƻǘŜƴǘƛŀƭ /ƻƴǎŜǉǳŜƴŎŜǎ ƻŦ /ƭƛƳŀǘŜ ±ŀǊƛŀōƛƭƛǘȅ ŀƴŘ /ƘŀƴƎŜ ŦƻǊ bŀǘƛǾŜ 

tŜƻǇƭŜǎ ŀƴŘ IƻƳŜƭŀƴŘǎέ όIƻǳǎer et al., 2000).  

 

The chapter highlighted the importance of Indigenous knowledge systems and that Indigenous peoples 

have a history of relating to human-caused climate change through land-use changes imposed on them 

by the actions of U.S. citizens and policy-makers. Key issues included tourism and community 

development, human health and extreme events, rights to water and other natural resources, 

subsistence economies and other natural resources, and cultural sites, wildlife, and natural resources (p. 

351). The chapter advocates for more research relating to Indigenous peoples and climate change while 

raising ethical concerns about previous abuses by researchers. NCA1 also included an Overview Report 

that was intended to be more widely accessible to the public. Limited material from Chapter 12 was 

included within a regional section in the NCA1 Overview Report. A 1999 Special Issue on Indigenous 

peoples and climate change in the academic journal Native Americas references the Native Peoples-

Native Homelands workshop and the GCRA (Barriero, 1999).  

 

Lƴ b/!н όYŀǊƭ Ŝǘ ŀƭΦΣ нллфύΣ ǘƘŜǊŜ ŀǊŜ ǊŜŦŜǊŜƴŎŜǎ ƛƴ ŀ ǎŜŎǘƛƻƴ ƻƴ άǎƻŎƛŜǘȅέ ǘƻ ǘƘŜ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ άǳƴƛǉǳŜ 

ǾǳƭƴŜǊŀōƛƭƛǘƛŜǎέ ƻŦ bŀǘƛǾŜ !ƳŜǊƛŎŀƴǎΣ ƛƴŎƭǳŘƛƴƎ άƭƛƳƛǘŜŘ ǊŜƭƻŎŀǘƛƻƴ ƻǇǘƛƻƴǎΣέ ǎǇŜŎƛŦƛŎ ƳŜƴǘƛƻƴǎ ƻŦ !ƭŀǎƪŀΣ 

reduction of availability of traditional food sources, problems of Indigenous peoples being subject to 

flooding and erosion, and how Native cultures in the Southwest are vulnerable to climate change 

impacts on water availability and quality. In references to regional climate change impacts in the Great 

Plains, Southwest, and Alaska, some Tribal issues are referenced. There is no Tribal chapter, nor are 

Indigenous peoples referenced in the recommendations. It is unclear how Indigenous authors or topical 

experts may have contributed. At the same time, during this broad period, Indigenous peoples 

continued to organize efforts to address climate change. The Indigenous Peoples Climate Change 

Working Group (IPCCWG) was established at Haskell Indian Nations University (2006) (Shepherd, 2016). 

Members of the IPCCWG have contributed to NCA and other climate assessments. Grossman 

documented reports and conferences on Indigenous peoples and climate change during the years 2006 
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and 2007 (Grossman, 2008, 2009), such as the bƻǊǘƘǿŜǎǘ LƴŘƛŀƴ !ǇǇƭƛŜŘ wŜǎŜŀǊŎƘ LƴǎǘƛǘǳǘŜΩǎ ǊŜǇƻǊǘ 

titled Climate Change and Pacific Rim Indigenous Nations (2006).  

 

A second Native Peoples-Native Homelands (NPNH II) workshop was held in 2009 on the homelands of 

the Shakopee Mdewakanton Sioux Community at the Mystic Lake Casino Hotel in Minnesota (Maynard, 

2014). Close to 400 Tribal leaders, elders, scholars, and students convened to share Indigenous 

perspectives and solutions. The Mystic Lake Declaration (2009) was written there and was intended as 

input into the 15th Conference of Parties of the United Nations Framework Convention on Climate 

Change. The declaration tied climate change adaptation issues to human rights, the sacredness of 

human relationships to the land, Indigenous knowledge traditions, and concerns about certain solutions 

to lowering carbon footprint, among other topics.    

 

Over 20 people served on a technical team for Indigenous peoplesΩ involvement in NCA3 (Melillo et al., 

2014), which would lead to a Tribal chapter (Bennett et al., 2014). Technical input was provided, in part, 

through regional workshops that produced reports (Coastal Louisiana Tribes, 2012; Riley, 2011; Souza 

and Tanimoto, 2012). There were also Indigenous regional reports and media created outside of these 

workshops (Blanchard, 2013; Redsteer et al., 2013; Ojima et al., 2015). An author team was developed 

that synthesized the information provided by the technical team, resulting in the NCA3 Chapter 12, 

Indigenous Peoples, Lands, and Resources (Bennett et al., 2014).  

 

The efforts leading to NCA3 coincided with increasing Indigenous leadership in climate change 

nationally, as well as federal funding and support for Indigenous climate initiatives. For example, the 

National Center for Atmospheric Research, managed by the University Corporation for Atmospheric 

Research (UCAR), began hosting the Rising Voices Center for Indigenous and Earth Sciences, which is 

jointly ŦǳƴŘŜŘ ōȅ ǘƘŜ bŀǘƛƻƴŀƭ hŎŜŀƴƛŎ ŀƴŘ !ǘƳƻǎǇƘŜǊƛŎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΩǎ όbh!!) Office for Coastal 

Management. Rising Voices seeks to bridge diverse worldviews on climate change, with an emphasis on 

Indigenous knowledges. The Indigenous Peoples Climate Change Working Group continued to hold 

student-oriented events engaged with scientific and other climate change issues (Shepherd, 2016). A 

U.S. Forest Service technical report on climate change impacts on Indigenous peoples was published as 

an interim synthesis between NCA3 and NCA4 (Norton-Smith et al., 2016). The U.S. DŜƻƭƻƎƛŎŀƭ {ǳǊǾŜȅΩǎ 

Climate Science Centers (now Climate Adaptation Science Centers) established some Indigenous 

consortium and partners members, such as the Chickasaw and Choctaw nations and the College of 

Menominee Nation. The Bureau of Indian Affairs (BIA) initiated funding support specifically for Tribal 

climate resilience in 2011 and focused its support on Tribal adaptation planning, training, data 

ŘŜǾŜƭƻǇƳŜƴǘΣ ŀƴŘ ƭŜŀŘŜǊǎƘƛǇ ŜƴƎŀƎŜƳŜƴǘΦ ¢ƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ LƴǘŜǊƛƻǊΩǎ !ŘǾƛǎƻǊȅ /ƻƳƳƛǘǘŜŜ ƻƴ /ƭƛƳŀǘŜ 

Change and Natural Resource Science included members representing Indigenous peoples and 

Indigenous issues. In 2014, the committee published a report with a primer, Climate Change and 

Indigenous Peoples: A Primer, and a guide, Traditional Knowledge Guidelines (Morishima, 2014; Climate 

and Traditional Knowledges Workgroup, 2014). By 2014, Congress appropriated $10 million and 

ǎǳǇǇƻǊǘŜŘ ǘƘŜ .L!Ωǎ ¢Ǌƛōŀƭ /ƭƛƳŀǘŜ wŜǎƛƭƛŜƴŎŜ tǊƻƎǊŀƳ ŀǘ ǘƘŀǘ ƭŜǾŜƭ ǳƴǘƛƭ нлнлΣ ǿƘŜƴ ƛǘ ŦǳǊǘƘŜǊ ƛƴŎǊŜŀǎŜŘ 

its support. A special issue of the peer-reviewed journal Climatic Change focused on issues related to 

Indigenous peoples and climate change in the U.S. context, with over 50 authors contributing, the 
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majority of authors being Indigenous (Maldonado et al., 2013). In 2016, USGCRP produced a synthesis 

report on climate change and health (USGCRP, 2016). There is a subsection of Chapter 9 on Indigenous 

peoples. The subsection covers diverse health issues tied to food and nutrition, cultural and family 

integrity, traditional practices, and mental health. In 2016, NOAA established a 15-member Advisory 

Committee for the Sustained National Climate Assessment, which included two specialists in Indigenous 

climate change as part of the membership (National Oceanic and Atmospheric Administration, 2016).  

 

NCA4 (USGCRP, 2018) was the first time there was a concerted effort to ensure Indigenous authors and 

sections were spread throughout the report on each of the regional chapters. The team of 

approximately 50 authors also conducted an assessment of Indigenous-related terms throughout the 

entire NCA4 draft to develop a set of consistent terms as a reference for all of the NCA4 authors. The 

Tribes and Indigenous Peoples chapter features an interactive map of Tribal climate change initiatives, 

primarily supported through federal funding sources, organized by the BIA, which at the time of 

publication had 800 initiatives (Bureau of Indian Affairs website, 2021; Jantarasami et al., 2018). 

Currently the map has well over 1,000 entries of Tribal resilience actions. Similar to NCA3, there was 

considerable effort to get input and engage Indigenous peoples and Tribal experts throughout the U.S. 

and its territories through regional workshops, engagement at major conferences, webinars, focus 

groups, mini-grants for community meetings, and publicizing of the opportunities for public review 

throughout Tribal distribution networks.  

 

Over time, Indigenous peoples have engaged in diverse ways in NCA. In the case of certain aspects of 

NCA, Indigenous engagement has increased, such as through the continuation of a dedicated chapter to 

Indigenous climate change issues in each NCA. This has led to a wider array of credible sources of 

ƛƴŦƻǊƳŀǘƛƻƴ ōŜƛƴƎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ǇǊƻƎǊŀƳΩǎ ǊŜǇƻǊǘǎΦ ¢ƘŜ ǎǇŜŎƛŀƭ ǊŜǇƻǊǘ ƻƴ Ƙƻǿ ǘƻ ōǳƛƭŘ ŀ ǎǳǎǘŀƛƴŜŘ 

aǎǎŜǎǎƳŜƴǘ ό.ǳƛȊŜǊ Ŝǘ ŀƭΦΣ нлмоΥнтύ ǎǘŀǘŜŘΣ ά¢ƘŜ b/! ǎƘƻǳƭŘ ŜƴǎǳǊŜ ŀŘŜǉǳŀǘŜ ǎǳǇǇƻǊǘ ŦƻǊ ¢Ǌƛōŀƭ 

engagement in future assessments and include Tribal engagement as a metric of success for ongoing 

ŜŦŦƻǊǘǎΦέ 
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Chapter 2: Worldviews, Knowledges, & Social Impacts 

 
Indigenous Worldviews, Sovereignty, and Climate Change  

¢Ƙƛǎ ǎŜŎǘƛƻƴ ǎŜŜƪǎ ǘƻ ǇǊƻǾƛŘŜ ǎƻƳŜ ƻŦ ǘƘŜ ƎŜƴŜǊŀƭ ŎƻƴǘŜȄǘ ƻƴ LƴŘƛƎŜƴƻǳǎ ǇŜƻǇƭŜǎΩ ǿƻǊƭŘǾƛŜǿǎ ŀƴŘ 

sovereignty and intends to be useful for contextualizing the issues, knowledge, experiences, and 

recommendations to which this report bears witness.  

 

Indigenous peoples have their own social and cultural norms of behavior and action governing 

interactions between people and the land, water, air, plants, and animals that all share environments 

together. These norms include systems of governance regarding protection and transfer of knowledge 

that have been developed over countless generations and are commonly expressed through language, 

practices, ceremonies, traditions, educational programs, mentorship bonds, and kinship networks (e.g., 

clans, lodges) (see, for particular examples, Trosper, 2009;  Menzies, 2006; Kimmerer, 2013). Today, 

Indigenous peoples also commonly employ methods adopted from other cultures to formalize and 

record their expectations for normative behavior and action by enacting written laws, policies, codes, 

regulations, rights, rules, resolutions, procedures, and protocols as self-determining sovereign 

Worldviews, Knowledges, & Social Impacts 

Key Messages 

 Indigenous peoples have their own systems of 

governance that have norms of behavior for 

land use and land care.    

 A growing dialogue among some Indigenous 

peoples articulates Indigenous knowledge 

systems through an understanding that all 

things are interconnected.  

 Legacies left by colonialism in economic, social, 

environmental, and educational systems have 

altered lifeways, traditions, practices, customs, 

and values of Indigenous peoples, influencing 

their understanding of how climate change 

affects their daily lives and opportunities for 

adaptation. 

 

Recommendation 

Climate change policy and climate science fields 

should respect Indigenous self-determination in 

governance and knowledge exchange. Indigenous 

peoples should be consulted meaningfully from the 

earliest stages of policy and research development. 

Legal, policy, ethical, and cultural best practices 

and requirements should be followed to make 

consultation meaningful.  
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governments (see, for particular examples, Chief et al., 2016; Royster et al., 2002). As political 

sovereigns, Indigenous peoples engage in diplomatic relations with local, regional, state, national, and 

international governments through multilateral laws and policies, including treaties, statutes, and 

agreements that set forth rights, requirements, obligations, duties, and responsibilities.  

 

¢ƘŜǊŜ ŀǊŜΣ ƻŦ ŎƻǳǊǎŜΣ Ƴŀƴȅ ŘƛƳŜƴǎƛƻƴǎ ƻŦ LƴŘƛƎŜƴƻǳǎ ǇŜƻǇƭŜǎΩ ǿƻǊƭŘǾƛŜǿǎΣ ŀƴŘ ǿŜ ǊŜŎƻƎƴƛȊŜ ƘŜǊŜ ǘƘŜ 

semantic inadequaŎƛŜǎ ƻŦ ǘƘŜ ǾŜǊȅ ǘŜǊƳ άǿƻǊƭŘǾƛŜǿǎΦέ Although Indigenous peoples are diverse 

internally and across peoples in terms of their worldviews, religions, and practices, there is an 

overlapping dialogue among many Indigenous people about how Indigenous cultures, histories, social 

institutions, and knowledge systems provide critical context, knowledge, and practical wisdom regarding 

adaptation and mitigation in relation to anthropogenic climate change. The authors of this chapter seek 

to convey some key points regarding this overlapping dialogue and provide a snapshot of some of the 

relevant literature.  

 

Lƴ ǘƘŜ ¦Φ{ΦΣ ǘƘŜ άƎƻǾŜǊƴƳŜƴǘ-to-ƎƻǾŜǊƴƳŜƴǘ ǊŜƭŀǘƛƻƴǎƘƛǇέ ƛǎ ŀ ǘŜǊƳ ǳǎŜŘ ǘƻ ŘŜǎŎǊƛōŜ ǎƻƳŜ LƴŘƛƎŜƴƻǳǎ 

relations with the U.S. federal government and to set forth expectations of how Tribes must relate to 

other units of government (whether those expectations are satisfied in practice). Due to long histories of 

legal relationships evolving between federally recognized Tribes and the U.S., the exercise of Indigenous 

soverŜƛƎƴǘȅ ƛǎ ǘŜǘƘŜǊŜŘ ǘƻ ¦Φ{Φ ǎƻǾŜǊŜƛƎƴǘȅΣ ǿƘƛŎƘ ƛǎ ǎƻƳŜǘƛƳŜǎ ǊŜŦŜǊŜƴŎŜŘ ōȅ ǘƘŜ ǘŜǊƳΣ άƴŀǘƛƻƴǎ ǿƛǘƘƛƴ 

ŀ ƴŀǘƛƻƴΦέ  

 

LƴŘƛƎŜƴƻǳǎ ǇŜƻǇƭŜǎΩ ŘƛǾŜǊǎŜ ǿƻǊƭŘǾƛŜǿǎ ŀƴŘ ǎȅǎǘŜƳǎ ƻŦ ƎƻǾŜǊƴŀƴŎŜ ŀŦŦŜŎǘ Ƙƻǿ ǘƘŜȅ ŀǇǇǊƻŀŎƘ ŎƭƛƳŀǘŜ 

change adaptation and mitigation, informing how they address impacts on their cultures, economies, 

multilateral governance relationships, and stewardship responsibilities toward the environment and 

future generations. As contemporary political sovereigns, Indigenous peoples recognize that self-

determination and intergovernmental relations are cornerstones of solutions for addressing global 

issues of climate change as well as opportunities for adaptation and mitigation. Yet, as nations within a 

nation, their sovereignty is both protected and limited, operating within the bounds of treaties, acts of 

Congress, executive orders, administrative agreements, and court decisions. For federally unrecognized 

Tribes, Native Hawaiians, and other Indigenous peoples, their externally acknowledged sovereignty is 

more limited than federally recognized Tribes.  

 

Addressing climate change is connected with the issue of how people come to know climate change 

(Callison, 2014). Indigenous peoples have diverse cultures, histories, social institutions, and knowledge 

systems that are highly relevant to understanding environmental change, whether changes are seasonal, 

intermittent, or long-term. Ancient stories kept by Indigenous peoples tell of social and environmental 

disruptions and convey lessons learned from the observations, experiences, and responses of their 

ancestors (Therrell & Trotter, 2011). Many Indigenous families, communities, and governments practice 

or are guided by traditions of living that pay close attention to the dynamics of seasonal and climatic 

change (Child, 2012; Hatfield et al., 2018). The languages of Indigenous peoples often incorporate 

specific terms to reference or describe local places, events, or times of importance, such as timing of 

flowering, migrations, fruiting, wildlife movements, plant life cycles, or availability of water. Indigenous 

linguistic scholarship has demonstrated important relationships between how language connects to 

knowledge and a sense of responsibility for protecting the environment (see Noodin, 2017, and Oh et 

al., 2021, for example). Indigenous knowledge is often articulated through concepts and practices that 

express interconnections across spatial, physical, spiritual, cultural, political, and temporal dimensions.   
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Stories and lifeways frame and draw on time-tested knowledge systems. Indigenous peoples have 

depended on such knowledge systems for surviving and maintaining continuity in complex, uncertain 

environments to sustain food, medicine, and materials and develop methods to successfully negotiate 

shortages and crises. Such histories, memories, and experiences can motivate recognition of the need to 

honor the wisdom and decisions of ancestors and the profound responsibility to carefully consider the 

consequences of decisions and actions for future generations. Indigenous knowledge systems are 

sometimes articulated as place-based, yet they are far from static or limited in their geographic usage. 

Scholarship has covered how Tribes have used their knowledge systems to rebuild their societies after 

forcible relocation to territories hundreds and sometimes thousands of miles away from their 

homelands (see Carroll, 2015).  

 

LƴŘƛƎŜƴƻǳǎ ǇŜƻǇƭŜǎ ǎƻƳŜǘƛƳŜǎ ǊŜƭȅ ǳǇƻƴ 9ƴƎƭƛǎƘ ƭŀƴƎǳŀƎŜ ǘŜǊƳǎ ŀƴŘ ŜȄǇǊŜǎǎƛƻƴǎ ǎǳŎƘ ŀǎ άŎƻǎƳƻƭƻƎȅέ 

ƻǊ άŀƭƭ ƻǳǊ ǊŜƭŀǘƛƻƴǎέ ǘƻ ǘǊȅ ǘƻ ŎƻƴǾŜȅ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ǊŜŎƻƎƴƛȊƛƴƎ ŀƴŘ ǊŜǎǇŜŎǘƛƴƎ ǘƘŜ ƛƴǘŜǊŎƻƴƴŜŎǘƛƻƴǎ 

on which their worldviews and knowledge systems are based. It is critical to understand that the 

worldviews of Indigenous peoples deeply tie the past to the present and the present to the future. 

Societal continuity of Indigenous peoples means that Indigenous persons seek to acknowledge explicitly 

that their decisions and actions of today are influenced by the experiences of their ancestors. Their past 

is colored by a long, painful history of social and economic disruption from broken treaties, land-theft, 

assimilative education, territorial trespass, cultural erasure, and the denial of their rights to self-

determination (Hartmann & Gone, 2016).  

 

Many U.S. laws, policies, and practices subsequent to the signing of treaties have led to the loss of 

access and inherent rights to the lands, water, and plant and animal species. This loss of access and 

inherent rights is a major factor creating challenges for Indigenous peoples to adapt to and mitigate 

climate change, to which some of the material in this report bears witness. As a matter of general 

context, the U.S. allotment policy of the 1880s, for example, dispossessed Indigenous peoples of 90 

million acres of land. The effects of colonialism on economic, social, environmental, and educational 

systems have altered, disparaged, and disregarded lifeways, traditions, practices, customs, and values of 

Indigenous peoples, creating generational and intergenerational trauma (Walters et al., 2011). The long-

lasting effects of such deeply rooted historical trauma may not be perceived outside of Tribal 

communities, but are leading concerns within these communities (Evans-Campbell, 2008).   

 

Indigenous peoples have, at the same time, worked ingeniously to create legal and policy avenues to 

recover and protect their lands and self-government. Many such avenues are crucial to addressing 

climate change. The expansion of Tribal lands through bringing fee land into trust (a repudiation of the 

General Allotment Act) and legislation like the Indian Self-Determination and Education Assistance Act 

of 1975, as amended (25 U.S.C. 450 et seq.), and the Tribal Self-Governance Act of 1994 (25 U.S.C. 458aa 

et seq.) involves Tribes taking on programs and services the federal government had administered in the 

past. Court decisions have led to partial victories for Tribes, such as the Boldt Decision that affirmed 

treaty rights to the fishery in Washington state. State- and un-recognized Tribes, working without 

affirmation of their self-government, have strategically used incorporation as 501(c)(3) nonprofits as a 

way to build capacities to provide services for their members. They have used private conservation tools 

as well to protect their lands (see Middleton, 2011). Native Hawaiians have organized through 

institutions such as the Office of Hawaiian Affairs (OHA), a self-governing corporate body established in 
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the 1978 state constitution of Hawaii (OHA, 2021). Inter-Indigenous organizations, such as the Inter-

Tribal Timber Council (ITC), have developed strategies for sustainable economies (ITC, 2013).  

  

Ethics of Multicultural Knowledge Exchange 

This section discusses one of the most prominent issues in Indigenous peoplesΩ engagement with major 

climate science institutions: the exchange of knowledge about climate change. There are ethical issues 

that must be understood when people seek to braid diverse knowledge systems together. The Climate 

and Traditional Knowledges Workgroup developed a set of proposed guidelines for Indigenous peoples, 

scientists, and government professionals when working with Indigenous knowledge and content with 

strong cultural and economic values for Indigenous peoples. This section directly reflects some of the 

information from the guidelines, used with permission from the authors of the Workgroup.  

 

Indigenous peoples do not generally view knowledge or science as simply information. Rather than a 

form of bare information, knowledge is deeply and inextricably linked to Indigenous origins, ancestors, 

lands, and traditions (Forbes, 2001; Greenwood & Lindsay, 2019). In some communities, knowledge 

often comes with obligations and restrictions for its use (Climate and Traditional Knowledges 

Workgroup, 2014). Indigenous knowledge systems are connected to Indigenous self-determination as 

peoples. Based on these reasons, there are ethical issues that can arise when non-Indigenous individuals 

and institutions seek to exchange information about worldviews and knowledge tied to climate change.  

 

These guidelines created by the Workgroup are intended to cover, in particular, traditional knowledge in 

relation to climate change within the context of potential risks to Indigenous peoples in the U.S. for 

sharing traditional knowledge in federal and other non-Indigenous climate change initiatives. Traditional 

knowledge refers to some dimensions of larger Indigenous knowledge systems described in the previous 

section, but there are some challenges with delineating traditional knowledge by definition. Both the 

words "traditional" and "knowledge" carry much baggage in English and can inappropriately objectify, 

essentialize, or interject foreign understandings and assumptions. "Traditional" tends to characterize 

what is being referred to as "old" in time, passed in a material way "from generation to generation." 

While this is a common way that traditional knowledge is transmitted and characterized by Indigenous 

persons, Indigenous knowledge keepers may also receive knowledge through spiritual means, 

ceremonies, and direct communication with other-than-human beings, persons, and entities (ANSC, 

n.d.; Simpson, 2000). What makes such knowledge traditional is not its age in the Western time system, 

but its spiritual origins and relational validityτthe way it fits into the First Instructions or ancestral 

teachings of the Tribes (Marsden, 2004). 

 

The guiŘŜƭƛƴŜǎ ŦƻŎǳǎ ƻƴ ǘǿƻ ŦƻǊƳŀǘƛǾŜ ŜǘƘƛŎŀƭ ǇǊƛƴŎƛǇƭŜǎΥ ά/ŀǳǎŜ bƻ IŀǊƳέ ŀƴŘ άCǊŜŜΣ tǊƛƻǊ, and 

LƴŦƻǊƳŜŘ /ƻƴǎŜƴǘΦέ .ǊƻŀŘƭȅΣ ǘƘŜǎŜ ǇǊƛƴŎƛǇƭŜǎ ŜǎǘŀōƭƛǎƘ ŀ ŦƻǳƴŘŀǘƛƻƴ ŦƻǊ ŜǉǳƛǘŀōƭŜ ŀƴŘ ƳŜŀƴƛƴƎŦǳƭ 

ǊŜƭŀǘƛƻƴǎƘƛǇǎΦ ά/ƻƴǎŜƴǘέ ǊŜŎƻƎƴƛȊŜǎ ǘƘŀǘ ŜŀŎƘ ¢Ǌƛōŀƭ ŎƻƳƳǳƴƛǘȅ Ƙŀǎ ƛǘǎ own governance norms and 

expectations that guide and structure how different facets of traditional knowledge are treated by 

LƴŘƛƎŜƴƻǳǎ ŀƴŘ ƻǘƘŜǊ ŜƴǘƛǘƛŜǎΣ ŀƴŘ ƳƻǊŜ ōǊƻŀŘƭȅ ǊŜƎǳƭŀǘŜǎ ƛƴǘŜǊŀŎǘƛƻƴǎΦ ¢ƘŜ ά/ŀǳǎŜ bƻ IŀǊƳέ ǇǊƛƴŎƛǇƭŜ 

involves the identification and avoidance of risks that could lead to loss or harmful misappropriation of 

traditional knowledge (CTKW, 2016). 

 

Traditional knowledge has been shared most successfully where Indigenous protocols are respected and 

followed. However, much work remains to ensure that there are appropriate legal, policy, and ethical 

protections wherever traditional knowledge is shared outside of Indigenous territories and governance 
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systems (Norgaard, 2014). Non-Indigenous persons must understand that sharing traditional knowledge 

may carry risks for Tribes, as there are many potential conflicts of worldviews and laws and few 

safeguards for their protection. Used in compliance with these protocols, traditional knowledge is often 

essential in providing solutions to climate change impacts (CTKW, 2016).  

The account of traditional knowledge just offered here is generalized and does not express the beliefs of 

any particular Indigenous peoples. Each Indigenous peoples should be consulted for their views on what 

traditional knowledge means to them. The account in this section is meant to illustrate some of the 

fundamental challenges of working with traditional knowledge. Indigenous peoples and persons in 

practice live in multiple worlds, and the phrase "traditional knowledge" is used in multiple senses both 

within particular Indigenous peoples and when working with non-Indigenous persons, institutions, and 

agencies. Some ways that Indigenous peoples use and share their knowledge are more like a kind of 

practical information, and Indigenous knowledge holders often share the informational aspects of their 

knowledge while keeping the spiritual aspects to themselves (SAMHSA, 2009). 

 

Social Impacts on Indigenous Peoples from Climate Change 

Climate change has multiple and interconnected impacts on Indigenous governance systems. Impacts-

based language in risk and vulnerability assessments can take the form of victimhood where Tribes are 

viewed as passively and adversely affected by climate drivers beyond their control (Cameron, 2012; 

Haalboom & Natcher, 2012; Callison, 2014; Whyte, 2016, 2013). Indigenous peoples are active, self-

determining societies, and they are working to heal and negotiate historical traumas, rebuilding their 

identities and strengthening resilience to climate change impacts. This section must be read with great 

care, given its coverage of the social layers that are connected to climate change.  

Case Study: TƘŜ {ǘŀǘŜ ƻŦ ²ƛǎŎƻƴǎƛƴΩǎ wŜǎǇŜŎǘŦǳƭ LƴǘŜƎǊŀǘƛƻƴ ƻŦ ¢ǊŀŘƛǘƛƻƴŀƭ YƴƻǿƭŜŘƎŜǎ 

The Wisconsin Governor set up the Governor's Task Force on Climate Change in 2019, including the Bad 

River Band of the Lake Superior Tribe of Chippewa Indians and staff members from the Great Lakes 

Indian Fish & Wildlife Commission (GLIFWC). The Task Force was open to working with Tribes and 

bringing in Indigenous knowledges they were willing to share in order to inform the science and generate 

policy recommendations for the state of Wisconsin. The GLIFWC spokesperson brought in traditional 

knowledges from Ojibwe rice chiefs who monitor and interpret the health of manoomin, or wild rice, that 

is a sacred and culturally important food. One observation from traditional knowledge, not generally 

appreciated by scientists, was that there had once been seven bodies of water in the Sokaogon Ojibwe 

reservation that had now merged into a single body of water due to increased runoff. The rice harvest 

has decreased dramatically, to 5% of prior levels. A rice chief with Sokaogon Ojibwe believes this is due 

to brown spot disease and rice worm infestations associated with higher runoff from extreme weather 

events and increased humidity associated with climate change (Vaisvilas, 2021). These observations 

brought the Task Force to recommend creating a permanent Manoomin (Wild Rice) Stewardship Council 

to work directly with rice chiefs from Tribes that voluntarily choose to work with the Council to provide 

traditional knowledge expertise to the state of Wisconsin. The state is establishing a permanent 

institution that will allow for the voluntary submission of information drawn from traditional knowledge 

that will provide a venue for manoomin rice chiefs to discuss their observations and assessments and 

make decisions about what to share with the state. The Council can hopefully provide a test bed and a 

way to spread the institutionalized use of traditional knowledges in a way that is controlled by the 

knowledge keepers. 
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Indigenous peoples have diverse histories. For many Indigenous peoples, the influence of historical 

traumas is a prominent dimension of their recent histories. It is necessary to understand these traumas 

in some depth to appreciate ongoing challenges to addressing climate change (Billiot et al., 2020). 

Historical trauma interacts with other often-linked social determinants of vulnerability such as low 

income, socio-economic status, lack of savings, lack of information, inadequate housing, chronic 

diseases, disabilities, minority status, and linguistic vulnerability (see review in the context of COVID-19, 

Hathaway, 2020). Further social vulnerabilities arise as a consequence of AI/AN resource- and place-

based lifeways (Ford, 2012). 

These impacts must be understood under different frameworks. Indigenous researchers have assessed 

Indigenous responses to climate change impacts through the following and other frameworks necessary 

to understand them from an Indigenous lens. These frameworks are not exclusive, and the authors who 

worked on this section emphasize that the categories are provisional.  

        An Indigenous decolonization framework can focus on the capacity to respond within 

Indigenous concepts, methodologies, processes, understandings, assessment criteria, and 

indicators that are understood by them and compatible with their cultures (Armstrong, 1998; 

Simpson, 2017; Dhillon, 2018; Yazzie & Riesling Baldy, 2018). 

        An Indigenous agency framework can emphasize the governance and decision-making 

dimension of Tribes as agents that actively shape their own destiny through full autonomy and 

self-determination (Abate & Kronk, 2013; Maldonado et al., 2013; Carroll, 2015; Chief et al., 

2016; McNeeley, 2017; Donatuto et al., 2020).  

        An Indigenous survivance/continuance framework can focus on the goals of responses that 

are more than targeted toward cultural survival or subsistence, as is sometimes presented. 

Indigenous responses to challenges are strongly based on their values, creativity, and ingenuity. 

It is not enough just to solve a problem, but to solve it in a way that is consistent with such 

values as ancestral teachings, moral responsibilities, relational accountability to community and 

the natural world, trust, reciprocity, and consent (Vizenor, 1999; Goeman, 2009; Wildcat, 2009; 

Ortiz, 2011; Maracle, 2015; Whyte, 2019). Because of their unique origins, place-based histories, 

collective identities, and deeply spiritual beliefs, climate solutions often involve negotiations 

within their Tribes and with more-than-human beings (GLIFWC, 2019). 

Indigenous responses to climate change therefore attempt to solve the problem while ensuring that it 

moves the collective whole of Indigenous ways of being, knowing, and doing in ways that are active, 

engaged, resilient, and sustainable. They work to renew and continue the culture as a whole rather than 

focus narrowly on technical solutions implemented by experts. Their responses usually involve the 

whole-of-community and achieve this through their own worldviews (Maldonado et al., 2013; Whyte, 

2017). The Dibaginjigaadeg Anishinaabe EzhitwaadτA Tribal Adaptation Menu illustrates the use of 

these kinds of frameworks (GLIFWC, 2019). Anishinaabe peoples of the Great Lakes region assess 

adaptation opportunities through multiple perspectives. They assess climate responses using some 

common non-Tribal frameworks (e.g., reduce biological and anthropogenic stressors, promote 

landscape connectivity). They also assess impacts and responses in a cultural framework (e.g., actions to 

help more-than-human beings to adapt, maintain reciprocity and balance, and frame actions in the 
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context of cultural calendars). A Tribal Adaptation Menu exemplifies diverse dimensions of 

decolonization, agency, and survivance/continuance.  

One reason why decolonization, agency, and survivance/continuance frameworks are critical is that 

Indigenous lifeways, wellness, and political sovereignty are vulnerable to climate change. Many 

traditional activities occur outdoors on the land. The elements of the natural world that they depend 

upon are affected by climate impacts (Houser et al., 2001; Maldonado et al., 2013; McNeeley, 2017; 

Jantarasami et al., 2018; Donatuto, 2020). Their ways of life are fundamentally relationalτthey do not 

just utilize the environment, they inhabit it and maintain spiritual and mutual relationships with multiple 

tangible and intangible beings that may also be affected by climate change and nonclimate stressors 

(Hatfield et al., 2018; Thomas et al., 2019).  

Tribal vulnerability varies and is affected by interacting and complex historical, political, and social 

factors, such as differential access to resources, poverty, and different ways of accessing and 

transmitting knowledge (Thomas et al., 2019). The existing historical context of trauma, discrimination 

and neglect, and high connectedness to and dependence on the landscape and seasonal timing 

increases exposure among many interrelated facets of Tribal culture that can cause cascading impacts 

on multiple dimensions (Clarke et. al., 2018; Lawrence et al., 2020). Extreme climatic events such as 

floods or extreme heat events, in addition to impacts from longer-term climate changes, can harm 

health and make activities risky, dangerous, or impossible, e.g., outdoor work and traditional activities 

under extreme heat events, harvesting of driftwood during breakup of river ice, or hunting over thinning 

sea ice (Hansen et al., 2013; Jones et al., 2015; Sharma et al., 2020). These multiple and sometimes 

cascading impacts can interrupt the transmission of traditional knowledge and norms and lead to the 

loss of trust in traditional institutions and external partnerships and cooperation (Billiot et al., 2019; 

McKinley et al., 2019; Lyver et al., 2019; TPEHTT, 2019).  

Impacts associated with climate change affect Indigenous peoplesΩ infrastructure, energy systems, and 

businesses. Economic disparity is a major factor that increases the impact of climate change on 

wellbeing. Access to economic resources, resilient infrastructure, and diverse economic opportunities 

allows Indigenous peoples and their communities to be proactive in addressing their priority issues. A 

thriving economy offers flexibility and adds to the capacity for addressing challenges. It allows for Tribes 

to maintain and attend to their aging infrastructure. It allows them to relocate community resources 

that are threatened by flooding, sea-level rise, or coastal storm surges. It allows Tribes to hire staff to 

research the loss of habitat for subsistence species and to design and implement habitat restoration 

projects to improve access to culturally important fish and wildlife. Funding allows Indigenous peoples 

to develop forest management plans so that their forests are less prone to drought-induced disease, 

pest infestation, and subsequent wildfires. Thriving economies also allow Tribes to protect and care for 

the most vulnerable individuals and families in their communities and to monitor overall physical and 

mental wellbeing (NCAI, 2017; NCAI, 2019; ATNI, 2020). 

In addition to reducing economic disparities, measures are needed to address the historical traumas 

that Indigenous peoples face and revitalize Tribal institutions, languages, and traditional knowledge 

systems. Activities that work to restore relations with the land, waters, and living world are necessary to 

restore balance in social systems (Maldonado, 2018; McGinnis et al., 2019; Donatuto et al., 2020). For 

Indigenous peoples, adaptation and mitigation measures must be holistic. They must be approached in 

an interconnected way that is aligned with the values and knowledge of the communities. Adaptation 
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ŀƴŘ ƳƛǘƛƎŀǘƛƻƴ ŀǊŜ ƴƻǘ Ƨǳǎǘ ŀōƻǳǘ άǎƻƭǾƛƴƎέ ŀ ǎƛƴƎƭŜ ǇƘȅǎƛŎŀƭ ǇǊƻōƭŜƳ ǎǳŎƘ ŀǎ Ŧƭooding or establishing 

solar power. Rather, they are about empowering the community to restore, revitalize, and strengthen 

their cultures, social wellbeing, and political sovereignty. For many Indigenous peoples, it is about 

achieving good relationships of interdependence with the diverse nonhumans that share the 

environment.  
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Chapter 3: Actionable Science & Collaborative Climate Planning 

 
Introduction 

The global rate of climate change is continuing at a rapid pace, and future climate projections 

demonstrate the increasing severity of climate impacts without immediate and intentional mitigation 

efforts (Xu et al., 2018). In general, these impacts will negatively affect human and nonhuman 

populations across the globe, some more than others. Indigenous peoples and their livelihoods, in 

particular, are affected by climate impacts (CCTHITA, 2019; Chisolm Hatfield et al., 2021; Jantarasami et 

al., 2018; St. Regis Mohawk Tribe, 2013; USRT, 2017). As a result, organizations and entities across the 
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U.S. are taking collective action to reduce greenhouse gas emissions in order to reduce these impacts 

(Steen-Adams et al., 2020). Still, the uncertainty in future greenhouse gas emissions is substantial. As 

such, different representative concentration pathways (RCPs) are used to model possible future 

emissions scenarios (Figure 1; adapted from Vose et al., 2017). RCPs capture the effects of different 

potential emissions levels and delineate the current and future impacts of climate risks on the economy 

and infrastructure, the natural environment and ecosystem services, and human health and wellbeing. 

Appropriate mitigation and adaptation strategies are needed to reduce these risks posed by climate 

change.  

 

 

Mitigation strategies that involve market forces and technological changes have already successfully 

contributed to the decline of greenhouse gas emissions (Fahey et al., 2017). Meanwhile, adaptation 

strategies require a consistent reassessment of climate risks and can be conceptualized through the 

Figure 1. Annual average temperatures across North America are projected to increase over this century, with 
greater changes at higher latitudes and under higher CO2 emissions scenarios (RCP8.5; right). This figure shows 

projected differences in annual average temperatures for mid-century (2036ς2065; top) and end of century 

(2071ς2100; bottom) relative to the near present (1976ς2005) (Vose et al., 2017). 
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following stages: awareness, assessment, planning, implementation, and monitoring and evaluation 

(Figure 2). Building climate resilience for the benefit of all, but especially Indigenous peoples and other 

marginalized communities, requires coordinated efforts between different entities and implementation 

of various mitigation and adaptation strategies. These efforts have started to be implemented using a 

combination of strategies. 

 

 

Actionable Science Based upon Regional and Locally Derived Information  

The impacts of climate change that have long been predicted are being observed on local, regional, and 

global scales. While global climate models provide a valuable starting point for addressing these impacts 

broadly, downscaling these models to individual regions is important for making the data accessible, 

useful, and actionable. It is even more important to couple that information with local and traditional 

knowledge (see sidebar titled Protecting Traditional Knowledges in Locally Derived Studies) so that the 

information can be considered in a local context. Observations and knowledge of place are key to 

understanding short- and long-term impacts and to supporting decision-making in the face of 

ǳƴŎŜǊǘŀƛƴǘȅΦ ¢ƘŜ ŎǳƭǘǳǊŀƭΣ ǎƻŎƛŀƭΣ ŜŎƻƴƻƳƛŎΣ ƘƛǎǘƻǊƛŎΣ ŀƴŘ ƎŜƻƎǊŀǇƘƛŎ ŎƻƴǘŜȄǘ ƻŦ ŜŀŎƘ ǊŜƎƛƻƴΩǎ ¢Ǌƛōŀƭ 

Figure 2. Successful adaptation requires a continuing risk-management process. With this general approach, 
individuals and organizations become aware of and assess risks and vulnerabilities from climate and other 
drivers of change, plan, take actions to reduce those risks, and learn over time. The gray arcs indicate the 
status of implementing this process with the status reported by the Third National Climate Assessment in 
2014; darker color indicates more activity (Lempert, 2018). In 2021, there are more Tribal projects that have 
been implemented and some projects that are starting to be monitored and evaluated. 
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communities is as unique and intricate as the natural ecosystems themselves. Impacts felt in one 

community or system might differ from the next, and knowledge provided by downscaled models 

coupled with a knowledge of the land over time provides a pathway for resilience and transformation 

into the future. Native American Tribal communities have always adapted, while remaining steadfast 

stewards of the land with a deep knowledge of place. 

 

Within the Western science paradigm for climate adaptation 

planning, there is a strong desire for more fine-scaled/local 

downscaling as an approach for creating solutions and taking 

actions. As data are refined to finer scales, we run the risk 

that errors will be magnified and may give potential users 

the impression that they are "correct" because the finer 

scale data more closely resemble the scale of information 

observed on the ground. However, the observational vs. 

modeled data could differ greatly. Multiple downscaled 

scenarios can be useful in that they can provide a range of 

possibilities but can be stronger if based upon local 

knowledge and regionally specific data. This type of 

modeling is important for allowing Tribes to be adaptable 

and strive for management practices that are resilient across 

multiple scenarios.  

 

To that end, bringing together finer scale climate 

information, local data, and traditional knowledge can help 

provide a better understanding of possible scenarios of local 

impacts, providing opportunities to focus on solutions that 

are specific to location. This is especially important for climate adaptation and mitigation planning, 

because it can bridge the gap between global and local effects (Cooney, 2012), while allowing for 

opportunities to incorporate real-time and local knowledge and data. Pairing downscaled climate 

models with regionally specific information and the observations from those closely tied to place opens 

pathways for targeted regional or local solutions that are informed by local input. Coupling climate 

models and information with local inputs helps to make data accessible, useful, and relevant, while also 

providing an opportunity to Indigenize a process that has been long dominated by Western science, 

making space for Tribal and Western science to be equally valued and brought together to produce 

actionable science, when appropriate. For an illustration of this approach that builds on the application 

of downscaled models, please refer to the narrative below titled Bringing Together Climate Data and 

Local Knowledge to Regional Downscaled Data to Advance Tribal Adaptation Planning.  

 

Actionable science in partnership with Indigenous peoples involves collaboratively using data (including 

traditional knowledges and Western approaches to information gathering), analyses, projections, or 

tools with the intention or goal of supporting decision-making in resource management that Tribes can 

use (Vogel et al., 2016). As a result, actionable science can be perceived as more holistic than current 

Protecting Traditional Knowledges in 

Locally Derived Studies 

It is important that the traditional 

knowledges of Indigenous peoples be 

protected, as recognized in the United 

Nations Declaration on the Rights of 

Indigenous Peoples (UNDRIP; UN 

General Assembly, 2007; Steen-

Adams et al., 2020). There are 

protocols that have been developed 

to provide guidelines and 

considerations (Sloan & Hostler, 2014; 

CTKW, 2014) for collaborative 

research projects. This is particularly 

important when using federal funding 

from the U.S. government, which can 

sometimes require that any data 

gathered for a project be shared and 

made publicly available upon 

conclusion of the project. 
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goal-oriented management approaches. There is not a single manner for developing actionable science, 

but Tribes should be consulted early and often when these types of efforts are being considered. 

 

Climate Change Planning  

Adaptation planning is one type of actionable science that is improved through the use of locally 

relevant information derived from traditional knowledge. There are opportunities to transform how 

adaptation planning is approached and incorporated into existing Tribal planning efforts and documents. 

Certain enviroƴƳŜƴǘŀƭ ŀǊŜŀǎΣ ǎǳŎƘ ŀǎ άƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎέ ŀƴŘ άǿƛƭŘƭƛŦŜέ ǘƘŀǘ ŀǊŜ ƻŦǘŜƴ ǊŜǇǊŜǎŜƴǘŜŘ ƛƴ 

Tribal agencies and programs, have opportunities to incorporate adaptation planning into their existing 

work. In doing so, they can start to address challenges shared across Tribal programs to minimize 

impacts to Tribal resources and respect existing capacities. In this manner, adaptation planning can be 

included in departmental planning processes across a Tribal government. Given current and future 

projected climate impacts, adaptation planning is often considered to be an active and ongoing process 

that will need to occur simultaneously with implementation (Nelson & Andrew, 2020).  

 

Tribal nations are among the most active entities in creating climate vulnerability assessments (VAs) and 

adaptation plans (APs) (see databases created by Institute for Tribal Environmental Professionals5 (ITEP), 

the ¦ƴƛǾŜǊǎƛǘȅ ƻŦ hǊŜƎƻƴΩǎ ¢Ǌƛōŀƭ /ƭƛƳŀǘŜ /ƘŀƴƎŜ tǊƻƧŜŎǘ6 (TCCP), and the Climate Adaptation Knowledge 

Exchange (CAKE) Network7). A number of Tribes are also considering climate change as they develop 

hazard mitigation plans (HMPs), while others have been included in state- or county-wide HMPs. 

Availability of this information for knowledge exchange and resource management is important for 

allowing Tribes to build from the knowledge, expertise, and experiences of other Tribal nations. The 

above-mentioned catalogs of Tribal VAs and APs are incomplete, as not all Tribes make their plans 

available to the public. There is not a single repository for HMPs; however, the Federal Emergency 

Management Agency (FEMA) keeps records of which entities have finished FEMA-approved HMPs and 

which have been funded to do so. 

  

In regard to the VAs and APs, Tribal nations have taken a wide range of approaches to develop these 

types of documents. Some make extensive use of habitat-suitability models, climate-modeling outputs, 

geographic information systems, remote sensing, and other technical Western science-based 

quantitative data to develop various vulnerability scenarios (USRT, 2017; CCTHITA, 2019; St. Regis 

Mohawk Tribe, 2013). Other Tribal efforts incorporate traditional knowledges, input from traditional 

knowledge keepers, perspectives from local subject-matter experts, feedback from their most valued 

subsistence hunters and gatherers, community meetings, youth involvement, and other types of locally 

derived, place-based data to inform their VAs and APs.  

 

                                                             
5 Institute for Tribal Environmental Professionals: 
http://www7.nau.edu/itep/main/tcc/Mindmap/TribalAdaptationPlans  
6 ¦ƴƛǾŜǊǎƛǘȅ ƻŦ hǊŜƎƻƴΩǎ ¢Ǌƛōŀƭ /ƭƛƳŀǘŜ /ƘŀƴƎŜ tǊƻƧŜŎǘΥ https://tribalclimate.uoregon.edu/  
7 Climate Adaptation Knowledge Exchange (CAKE) Network: https://www.cakex.org/resources/type/document  

http://www7.nau.edu/itep/main/tcc/Mindmap/TribalAdaptationPlans
https://tribalclimate.uoregon.edu/
https://www.cakex.org/resources/type/document
https://www.cakex.org/resources/type/document
http://www7.nau.edu/itep/main/tcc/Mindmap/TribalAdaptationPlans
https://tribalclimate.uoregon.edu/
https://www.cakex.org/resources/type/document
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HMPs are often based upon templates created by FEMA and tend to result in a similar format (CTUIR, 

2016; Lac du Flambeau Tribe, 2019; Penobscot County, 2016). This approach is useful in some ways: 

templates can help Tribes overcome limited capacity by providing the foundational legwork of the 

planning process so that Tribal staff can actually perform the HMP, VA, or AP analyses. The templates 

help them frame their analyses at a high level, rather than focusing on the minutiae of how to initiate 

the effort. HMP templates are also useful for allowing users that are familiar with the document 

structure to quickly identify the information that they are seeking. The potential downside is that 

documents created with templates could be considered to be a colonial construct that lacks the holistic 

approaches that are commonly encountered in Tribal planning efforts, such as vulnerability assessments 

and adaptation planning. 

 

Overcoming Limited Capacity through Partnership 

Tribes are often understaffed and overworked, with a limited amount of time and resources to focus 

solely on climate change. Partnerships that value different ways of knowing provide a robust pathway 

for remaining resilient in the face of ongoing challenges, managing in the face of uncertainty, and 

bringing knowledge and wisdom acquired through generations of practices and beliefs (Jantarasami et 

al., 2018; National Congress of American Indians, 2019). Integrating climate change into already ongoing 

planning and implementation efforts can be more efficient, less time-consuming, and more cost-

effective and lead to actions that are more sustainable in the long term. Examples of plans in which 

climate change can be considered include FEMA Tribal HMPs and EPA Tribal environmental, community 

comprehensive, and land/resource management plans (Dalton et al., 2018; Pletnikoff et al., 2017). The 

BIA also produces a variety of plans that could include climate change considerations. Such plans include 

forest management, wildland fire management, irrigation projects, fish and wildlife, agricultural 

resources, and integrated resource management plans (IRMPs). There is also the opportunity to utilize 

BIA IRMPs, a comprehensive management planning program for Tribes that incorporates multiple 

aspects of planning with various federal agencies. This planning process allows Tribes to create a single 

cross-cutting plan that relates to many Tribal departments and federal agencies instead of working on a 

separate plan for each issue. Climate change considerations could be included within the IRMP. The 

inclusion of climate change and utilizing partnerships into any and all of these planning efforts help 

Tribes to advance their planning needs. 

 

It can be challenging for Tribes to find the capacity to perform climate planning with existing staff and 

resources, but there are opportunities and resources available to assist. Collaborations and partnerships 

with outside entities can lead to the co-production of relevant and important information. Strong 

relationships and trust are necessary to form the basis for relationships between Tribal nations, 

governments, staff, or intertribal organizations and other existing networks. Some of those Tribally 

focused networks and boundary organizations include intertribal consortia, ITEP, the Tribal Climate 

Change Network (University of Oregon), and the regional DOI Climate Adaptation Science Centers, 

among others. However, in developing actionable science projects, it should be recognized that the 

objectives for different partners may vary. Publication in a high-caliber research journal may not be a 

high priority for Tribal nations, whereas habitat suitability projections and resource management plans 

under a warming climate could be important to the management actions of a Tribe. Partnerships should 
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be established in advance of potential projects so that each organization can come to the table and have 

significant input on defining the project objective(s) and pertinent project details. In many cases, non-

Tribal groups are interested in collaborating or partnering with Tribes. It is important that these groups 

solicit partnership from Tribes as early in the process as possible. Best practices include establishing 

these collaborations before acquisition of funding or developing a project proposal. For additional 

guidelines for working in collaboration and partnership with Tribal nations, see the guidance developed 

by the USFS (Steen-Adams et al., in press). 

 

Conclusions 

It is important that Tribal nations can support their priorities in ways that honor their sovereignty and 

rights to self-determination. Tribally-led climate planning that is informed by locally relevant data 

(including downscaled modeling data and traditional knowledge) allows Tribes to better prepare for 

uncertainty imposed by climate factors and their associated risks. Collaborative partnerships can be a 

tool for Tribes to overcome issues of capacity, but also to provide technical expertise, if needed. Those 

partnerships can also help to relate local knowledge to climate data to better inform actionable science 

and management resource decisions.  

 

 

Bringing Together Climate Data and Local Knowledge to 

Regional Downscaled Data to Advance Tribal Adaptation 

Planning 

Climate change is a global phenomenon whose impacts 

are felt locally. As such, in order to advance adaptation 

actions, it is essential to take an inherently local 

approach. Advancing regionally specific downscaled 

modeling is critical for providing the detailed information 

necessary for climate change adaptation planning and 

implementation but is more effective when coupled with 

local and traditional knowledge. In 2018, the Climate 

Science Alliance (CSA) convened a distinguished, bi-

national team of ecologists, climatologists, and Tribal 

leads to formulate a scientific assessment entitled, San 

Diego County Ecosystems: The Ecological Impacts of 

Climate Change on a Biodiversity Hotspot (Jennings et al., 

2018). This assessment was the first of its kind to provide 

regionally specific climate hazard information for natural 

communities in the south coast of southern California. 

This document was published as a technical report for the 

{ǘŀǘŜ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ Fourth Climate Change Assessment 

(Jennings et al., 2018); however, from the onset of this endeavor, all participants made an intentional 

effort to consider how the results of this technical report would play out across different jurisdictional 

boundaries and audiences that included natural resource management, decision-makers, the public, and 

youth. The results of the assessment were synthesized into specific resources that were created for 

Tribal and non-Tribal audiences:  
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 A summary magazine was created for natural resource practitioners and managers 

 A summit was held for assessment authors to interact and discuss findings with decision-makers 

and planners 

 Data from the assessment was integrated into a hands-on 6ς12th grade science education 

curriculum for youth  

 ! ǇǳōƭƛŎ ŎŀƳǇŀƛƎƴ ǿŀǎ ŎǊŜŀǘŜŘ ǘƛǘƭŜŘΣ ά{ŀƴ 5ƛŜƎƻ ²ƛƭŘƭƛŦŜΣ /ƭƛƳŀǘŜ /ƘŀƴƎŜΣ ŀƴŘ ¸ƻǳΗέ ǿƛǘƘ ŀ 

web page and pocket guide targeted specifically for the public to learn more about the findings 

of the assessment and the 10 things they could do to help  

 

This approach integrated regionally downscaled 

modeling with regional data on local species and 

ecosystems coupled with local knowledge to inform 

and identify impacts, strategies, and opportunities 

for advancing climate adaptation actions across 

boundaries and within communities. In addition, this 

approach is being replicated by the CSA to support 

planning efforts for Tribal nations within San Diego 

County such as the La Jolla Band of Luiseño Indians 

Climate Adaptation Plan (2019) and the Manzanita 

Band of Kumeyaay Indians Tribal Resilience Strategy 

(2020). The CSA is bringing together Tribal and non-

Tribal experts in a process that equally values all 

ways of knowing in the creation of strategies and 

solutions. These plans are living documents for the 

Tribes that provide strategies and actions the Tribes 

have created by building off the information co-

created with Western researchers and managers. These efforts take a holistic approach and integrate a 

variety of sectors, including natural resources, infrastructure and economy, health and wellness, and 

community and culture, that can evolve through successive updates, be expanded as needed, and serve 

different purposes over time as deemed appropriate by their respective Tribes. This flexibility and ability 

to adapt to a range of future scenarios provides space to be resilient in the face of uncertainty. 
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SECTION 2: IMPACTS & SOLUTIONS BY TOPIC 

Chapter 4: Ecosystems & Biodiversity 
The narratives in this chapter illustrate the way 

Tribes live and protect their ecosystems and 

biodiversity through self-determination as 

practitioners of biodiversity conservation and 

ecological protection. The Fond du Lac Band of 

Lake Superior Chippewa in Minnesota has taken 

an integrated ecosystem management approach 

by incorporating Indigenous Knowledge to protect 

their black ash trees, forests, wild rice lakes, and 

groundwater. In the video narrative that is linked 

and transcribed, the Yurok Tribe in California 

speaks to using their traditional knowledge to 

develop a Comprehensive Burn Plan to develop a 

healthier landscape for their communities and 

wildlife. Then, in the next video narrative that is 

linked and transcribed, a member of the Colville 

Confederated Tribes of Washington State gives a 

description of how the forests on his reservation 

are dying due to climate change impacts. Lastly, 

the Tribal Environmental Action for Monarchs and 

Tribal Alliance for Pollinators describe their 

partnerships that serve the central U.S. Tribes that 

restored their Tribal lands to save the threatened 

monarch butterfly. A researched overview of 

Ecosystems & Biodiversity as it relates to Tribes 

and climate change follows these narratives, 

beginning with the Key Messages and 

Recommendation that the authors have identified. 

 
Climate Change and Invasive Species on the 

CƻƴŘ Řǳ [ŀŎ .ŀƴŘΩǎ [ŀƴŘǎ  
Written by: Christian Nelson from the Fond du 

Lac Band of Lake Superior Chippewa 

The Fond du Lac Band of Lake Superior Chippewa's 

community members have a close relationship 

ǿƛǘƘ ōŀŀǇŀŀƎƛƳŀŀƪ όƭƛǘŜǊŀƭ ǘǊŀƴǎƭŀǘƛƻƴ άǎƴƻǿǎƘƻŜ 

ƳŀƪƛƴƎ ǘǊŜŜέύΣ ŀƭǎƻ ƪƴƻǿƴ ŀǎ ōƭŀŎƪ ŀǎƘΦ Lǘ ƛǎ ǳǎŜŘ 

for many ceremonial purposes, and 

ōŀŀǇŀŀƎƛƳŀŀƪΩǎ ǳƴƛǉǳŜ ōƛƻƭƻƎȅ ƭŜƴŘǎ ƛǘǎŜƭŦ ǘƻ 
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making snowshoes and woven baskets. Many plant foods and medicines can be gathered from 

baapaagimaak stands. There are also unique macroinvertebrate assemblages and other animals that rely 

ƻƴ ǘƘŜǎŜ ŜŎƻǎȅǎǘŜƳǎ ŀƴŘ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜƛǊ ŦǳƴŎǘƛƻƴǎΦ aŀƴȅ ƻŦ CƻƴŘ Řǳ [ŀŎΩǎ ōŀŀǇŀŀƎƛƳŀŀƪ ǎǘŀƴŘǎ 

occur within the watershed that feeds and drains the manoomin (wild rice) lakes. With manoomin being 

a crucial component of Anishinaabe culture and subsistence lifestyle, it is imperative to consider the 

hydrological effects of baapaagimaak loss on the entire watershed. Fond du Lac has taken an integrated 

ecosystem management approach as well as incorporated Indigenous knowledge into planning for the 

loss of baapaagimaak in these unique ecosystems. It is crucial to look at more than the monetary value 

of baapaagimaak itself when planning for the effects of the inevitable infestation of emerald ash borer 

(EAB), which is currently decimating ash trees just 15 miles away in and around the Duluth, Minnesota, 

area. 

 

CƻƴŘ Řǳ [ŀŎΩǎ ŦƻǊŜǎǘǎ ƘŀǾŜ ƻǾŜǊ ǘǿƻ ǎǉǳŀǊŜ ƳƛƭŜǎ ƻŦ ōŀŀǇŀŀƎƛƳŀŀƪ ǎǘŀƴŘǎΦ ¢ƘŜ ǊŀǇƛŘ ƭƻǎǎ ƻŦ ŀǎƘ 

transpirationτwhere ash trees uptake ground water and release the water through their leavesτmay 

alter water tables and surface runoff, potentially stressing a watershed already greatly affected by the 

judicial ditching that occurred in the early 1900s. Judicial ditching is the excavation of new water 

channels, or straightening and deepening of existing channels, that was done across northern Minnesota 

to drain wetland areas, including forested wetlands, in an attempt to make more land available for 

farming. This channelization has made wild rice lakes prone to rapid water level fluctuations following 

spring snow melt or summer rainstorms as water, cut off from natural flood plains and wetlands, rapidly 

drains from the landscape and is channeled into lakes. Manoomin is very sensitive to water level 

fluctuations, and EAB will likely exacerbate this problem by killing ash trees that naturally lower water 

tables and therefore reduce and slow surface runoff. Hard-to-access locations and small stand sizes 

present a logistical and practical barrier for any possible large-scale preemptive or post-EAB infestation 

treatments.  

 

CƻƴŘ Řǳ [ŀŎΩǎ CƻǊŜǎǘǊȅ ŀƴŘ ²ŜǘƭŀƴŘǎ Programs have collaborated on a research project since 2015 to 

assess the viability of planting non-ash trees in baapaagimaak stands with the goal of ultimately 

maintaining the hydrology of these systems in the event of EAB-induced mortality (i.e., keeping forested 

wetlands forested). The early and ongoing results of this project and similar projects in the area are 

helping guide current and future tree-planting projects. Other management strategies include methods 

to slow the spread of emerald ash borer, preserve ecosystem function and conditions, and preserve 

baapaagimaak for cultural use. Fond du Lac supports existing state regulations of ash and other 

hardwood movement and storage. Monitoring efforts are also carried out by our Invasive Species 

PǊƻƎǊŀƳ ƛƴ ŎƻƭƭŀōƻǊŀǘƛƻƴ ǿƛǘƘ ǘƘŜ ¦{5!Ωǎ !tIL{ ŘƛǾƛǎƛƻƴΦ ²ƛǘƘ ƴƻ ŜŦŦŜŎǘƛǾŜ ǊŜƳŜŘȅ ŦƻǊ 9!.Σ ǇǊŜǾŜƴǘƛƻƴ 

and adaptation are essential to maintaining the health of these forested wetlands and the ecosystems 

and watersheds they impact. 
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Power to the People: Fire as Land Management8  
Written by: Elizabeth Azuz from the Yurok Tribe, Cultural Fire Management Council 

Transcript: 

Speaker 1 (00:04): 

All the Natives burnt their lands back in the day. When our burns started to get taken away from us, it 

was way before I was born. 

 

Speaker 2 (00:15): 

About a hundred years ago, they made a law that outlawed burns. 

 

Speaker 1 (00:22): 

When they told us, if we catch you out there lighting fires, we're going to put you in the penitentiary. 

And so it kind of scared us a little bit. 

 

Speaker 2 (00:32): 

It's resulted in just massive brush, thick impenetrable brush. If a wildfire ever comes, we won't have any 

defense against it. 

 

Speaker 1 (00:46): 

Everything is just getting choked off and our wildlife ain't got nowhere to go. I always felt the land kind 

of crying out, you know, help me. I'm...I'm suffocating. 

 

Speaker 3 (00:59): 

Fire helped us to keep our land, to keep it clean and healthy. Therefore, people can be healthy. It's time 

for us to make a change, create that connection, the bond with the land. 

 

Speaker 2 (01:18): 

Our local organizer went around and talked to hundreds of people in the community. And the people 

said, we need to put fire back on the land. 

 

Speaker 4 (01:29): 

A project of this magnitude requires the coordination working with private land owners and other Indian 

people in the Yurok Tribal government and of a lot of federal and state agencies that are all part of 

managing the land and landscape here. I told my mom what we were doing in this project. And she said, 

son, I think this is the hardest thing you've ever tried to do. She said, we as Indian people, we don't even 

like to talk to each other. Now you want us to talk to other people? So I said, yes, mom, I do want us to 

talk to other people because I think that's how we get stronger. 

 

Council Meeting Speaker 1 (02:02): 

I'm so happy to see so many people here tonight from up and down the river, people from Hoopa, 

people from Weitchpec, people from Morek Won, people from down, all the way down to Pecwan. 

 

 

                                                             
8 Power to the People: Fire as Land Management.  

https://www.youtube.com/watch?v=q9c1KBgzU00&feature=youtu.be  

https://www.youtube.com/watch?v=q9c1KBgzU00&feature=youtu.be
https://www.youtube.com/watch?v=q9c1KBgzU00&feature=youtu.be
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Council Meeting Speaker 2 (02:15): 

Over the last nine months we've had conversations with almost 100 people, from Johnsons to 

Weitchpec, and through this work, many concerns have been surfaced. 

 

Council Meeting Speaker 3 (02:24): 

Our main issue with burning is pretty much its liability. It's who's responsible if, if our fires get away. 

 

Speaker 2 (02:30): 

Educating the community is really important because fear of fire has been ingrained in us for a hundred 

years. And so people need to understand that it can be done in a controlled, safe manner. 

 

Council Meeting Speaker 4 (02:47): 

I hope we will unify as a community to use fire to fight fire in the way our local Indigenous cultures did 

since time immemorial. 

 

Council Meeting Speaker 5 (02:55): 

Sovereignty has been one of the things that I've preached for many years. If you don't use it, you lose it. 

We're not firebugs, it's our history. It's our past. It's how we've lived. Okay. Thanks. (Applause) 

 

Council Meeting Speaker 6 (03:12): 

We're asking that the Yurok Tribal Council exercise its authority as the governing body of a federally 

recognized sovereign nation to support the creation and implementation of a comprehensive 

community burn plan. 

 

Council Meeting Speaker 7 (03:24): 

Does the Yurok Tribe support the work of and will they partner with the Klamath River local organizing 

committee on building a comprehensive community burn plan? 

 

Council Meeting Speaker 8 (03:35): 

Yes, so says the Council. (Applause) 

 

Speaker 2 (03:49): 

We had to get a permit from Cal Fire. They came up and they helped us with our first burn that we did. 

They brought a couple of fire engines and then they brought a 20-man crew from Alder Camp. And then 

also the Yurok Wildland Fire, they helped put the fire on the ground and we burned seven acres our first 

time. 

 

Speaker 5 (04:11): 

We're so blessed right now, today is just awesome. 

 

Speaker 2 (04:13): 

They're professionals, they're professionals. They know what they're doing and they're training our 

people. 
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Speaker 6 (04:21): 

Just a perfect burn. Two units split up, both sides of the river, on fire, prescribed burn. It's the thing. 

People from all walks of life, from all over the world, coming together, like minds, like spirits, it's 

flawless, it's flawless. 

 

Speaker 1 (04:43): 

All this stuff ties to our, our food security. In my heart that's what I'm pushing for is for our people to be 

able to stand on their own two feet and have their food security. 

 

Speaker 2 (04:59): 

So our goal is to, to take care of our whole ancestral territory. We need to have big burns. We need 

landscape burns. As Native people, our whole identity is connected to the land. It gives us hope that we 

can be healthy again. 

 

Speaker 1 (05:22): 

Our creator, you know, he gave us this land to take care of. Dominion is a responsibility to act in the best 

interest of the land so that the land will always provide for all people. Together we...we will restore it. 

 
Observed Evidence of Changing Forests: A Testimonial9 
Written by: Darren McCrea from the Colville Tribes 

Transcript: 

Darren McCrea (00:00): 

My name's Darren McCrea. I'm a member of the Colville Confederated Tribes. You're gonna see me do a 

little shaking, you'll hear a tremor in my voice. I have Lewy body dementia. When I was 15 years old, I 

was in a Native youth program and I job shadowed a guy on the Spokane Rez named Neil Abrahamson. 

He taught me how to set up logging units. I also planted trees and did some tree thinning for the 

Spokane Tribe. A little later on I bumped knots and cut logs for another company. I worked at a post and 

pole plant on the Colville Indian Reservation in Inchelium. And I worked at a little plywood mill, a little 

south of the Canadian border here in Washington state in a town called Kettle Falls. The day before I 

presented at the Affiliated Tribes of Northwest Indians Conference on Global Warming at the Northern 

Quest Casino, I noticed the insects disappeared from around all the lights and are still not here. 

 

Darren McCrea (01:11): 

There is an article in the May 2020 issue of National Geographic that says we've lost 70% of our insects 

from 1990 to 2016. The Spokesman Review put me on the front page of their paper about them. Let's 

see. This is, would be back at the beginning of September and August, talking about the disappearance, 

of the insects. But what I presented at the ATNI conference was that I noticed all the trees dying. I 

discovered five signs that's wrong with the pine needles. The first one is they're supposed to be forest 

grey-green. They're a long ways from forest green. They're a dull green. And the reason they're so dull is 

because the cuticle has disappeared. That's the waxy substance that you find on leaves and needles that 

hold in moisture reflects the sunlight. Pine needles are supposed to come on in different parts of the 

branch. 

 

                                                             
9 Observed Evidence of Changing Forests: A Testimonial. https://youtu.be/BOobI8-Sehw  

https://youtu.be/BOobI8-Sehw
https://youtu.be/BOobI8-Sehw
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Not anymore. Now they come on in a circumference around the end of the branch, like a chimney brush 

was what came to mind when I first noticed this in 2014. Last two signs I want to share: I can go out and 

I can take a pine needle. I can take say eight of them. I can put them into a bunch and I can start pulling 

those pine needles apart in, say, quarter-inch pieces from one end to the other. I can go and I can rake 

up a pile of needles with my hands. And it doesn't take a very big area because of the amount of pine 

needles. I can take that pile of pine needles, put it between my hands and scrunch it and turn it to 

powder. Either that, or I can bunch up a bunch of them and, and pull them apart. 

 

Darren McCrea (03:35): 

So what's wrong with those last two examples? Indian Country has been weaving with pine needles 

forever. One needle at a time. If I can pull eight apart, a person wouldn't be able to weave with just one. 

You can go out and you could feel a leaf, say a maple leaf, and you can feel how much thinner they have 

become. Pine branches are supposed to go straight out and lean down. Not anymore. All the branches 

are trying to become a leaders, reaching for the light. The trees are dying so fast they don't have time to 

shed their branches. They're dying from the ground up. The trees are dry and brittle, but they look like 

they're flourishing. 

 

Darren McCrea (04:38): 

It doesn't matter what species; I will be showing you examples of me breaking saplings, but you should 

almost be able to tie them in a knot. Pre-industrial revolution CO2 sat at 280 parts per million. Today, it 

sits at 417. That's an increase of about 50%. The elevated levels of CO2 are forcing our vegetation to 

grow at an accelerated rate. Everything has a tipping point. They're being forced to grow in an 

accelerated rate and they don't have enough nutrients and water to sustain themselves using that type 

of energy to grow that way. So thanks for listening to what I got to say. This is what I'm talking about. 

These trees are dying so fast. They don't have time to shed their bottom branches, but you can still, you 

can see that they're still flourishing and you can see the tops of those where every one of those 

branches are reaching for the sun. Again, you can see how many of these branches are dead. So with 

that, we're going to see a lot of dead pine needles. And this right here is what I'm talking about. Look, 

look at the mat of needles, how thick this is. Now this is just a little tiny area right here. 

 

Darren McCrea (06:33): 

And if you would, come over, take a look at this as well here while I'm ripping, while I'm pulling these 

pine needles away from this, take a look at these seedlings. We are, we are, where are we at guys? 

What's the date today? I guess 2nd of October isn't it, 2020. Pine seeds will germinate during the winter 

and they'll come up in the spring when the ground is soft and they're able to establish a root system. 

Look at these and you can see there's two years right there. You can see the year before. And then this 

is the next year. Notice thŀǘ ǘƘŜǊŜϥǎ Ƨǳǎǘ ŀ ǘŀǇǊƻƻǘ ǘƘŜǊŜΣ ǘƘŜǊŜ ŀǊŜƴΩǘ ŀƴȅ Ǌƻƻǘǎ ƎƻƛƴƎ ƻŦŦ ǘƻ ǘƘŜ ǎƛŘŜΦ Lǘ 

shows two years of growth. Indian Country wouldn't have made mats and bowls out of these needles if 

they're going to be this brittle. These trees are growing at an accelerated rate. These trees are dry and 

brittle, but they look like they're flourishing. It doesn't matter what species: a maple tree or a pine tree, 

hardwood, softwood, deciduous trees, conifers. Best to you guys. 
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Tribal Environmental Action for Monarchs and the Tribal Alliance for Pollinators   
Written by: Jane Breckinridge from the Muscogee Nation and Collin Spriggs from the Cherokee Nation 

ς Tribal Alliance for Pollinators 

Tribal Environmental Action for Monarchs (TEAM) was launched in 2015 as a partnership between the 

University of Kansas Monarch Watch, the Euchee Butterfly Farm, and seven Tribal nations in Oklahoma:  

Chickasaw Nation, Seminole Nation, Citizen Potawatomi Nation, Muscogee (Creek) Nation, Osage 

Nation, Miami Nation, and Eastern Shawnee Tribe of Oklahoma. TEAM united the seven Tribes to help 

save the threatened monarch butterfly by training Tribal staff in all aspects of habitat restoration and 

native plant production. To date, TEAM has restored over 60,000 milkweeds and 50,000 native 

wildflowers to Tribal lands in Oklahoma. 

 

The TEAM project has been so successful that it spawned a new organization, the Tribal Alliance for 

Pollinators (TAP), in 2017 to keep up with the demand. TAP is a new Native-led nonprofit organization 

that unites traditional ecological knowledge with cutting-edge technical resources to create an 

innovative model for conservation and restoration of Tribal lands. TAP provides training and technical 

support for Tribes throughout North America that want to conserve and restore grassland ecosystems to 

help threatened pollinators and to preserve the native plants that serve as the foundation for 

Indigenous cultural, medicinal, and culinary traditions. TAP also has a regional seed bank of native plants 

that is available for Tribes to use at no cost. TAP is the only Native American group in the country 

working on monarch and pollinator habitat restoration. It is leveraging the infrastructure and best 

 

Left picture: Two years of growth. Note there are no lateral roots, the needles are losing their tint, and they seem to be 
stunted. Second picture from left: Four seedlings harvested in 2019; note there are no lateral roots. Third picture from left: 

Three seedlings harvested in 2020. Right picture: three years of growth, with a lighter for size comparison. 
 



 

63 
 

management practices created by the TEAM project to create a 

conservation model that is transferable across Tribal 

communities in different geographic areas. 

 

A hallmark of this project has been its ability to engage with, 

support, and connect entities not typically included in other 

monarch conservation outreach programming. These entities 

include Tribal nations, but also include other groups that are 

not directly a part of Tribal governmental structures, such as 

Native American cultural, environmental, and agricultural 

groups. Past 

examples of direct 

technology 

transfer to these 

cohorts have 

included native plant horticultural training to the Yuchi 

Language Project, interactive education/conservation 

outreach tables at multiple powwows, pollinator plant 

seed cleaning demonstrations for Seminole Nation Winery 

grape farmers, and TAP recruitment at the Native 

/ƻǊƴκIƻƴƻǊƛƴƎ !ƳŜǊƛŎŀΩǎ CƛǊǎǘ CŀǊmers conference in 

Nebraska. Without TAP, communities such as these would 

not have access to conservation information produced by 

Native people and tailored for their needs or, most likely, 

any monarch conservation outreach at all.   

 

Historically, intertribal collaborations on habitat 

restoration efforts have been virtually nonexistent. The 

TEAM project was groundbreaking in establishing a new 

precedent of cooperation and assistance, and TAP is 

building on and expanding those relationships. Participating Tribes have consistently volunteered to 

provide technical support and share resources with each other, and close relationships have developed. 

New Tribes have been warmly welcomed into the coalition and generously supported in every way. 

These collaborations are unique and have the potential to have a profound impact on future Tribal 

monarch conservation.  

 

No other nongovernmental or community organization currently exists to provide support or technical 

resources for monarch/pollinator habitat restoration on Tribal land. Tribal nations are unique 

communities that need specialized outreach and education efforts, and for historical and cultural 

reasons these efforts are unlikely to succeed unless designed by and for Native people. The potential 

resources that the Tribes can bring to habitat restoration efforts are enormous. In Oklahoma, over one 

million acres are currently under Tribal jurisdiction, and the Tribes are aggressively purchasing property 

to increase their land base. Native people have cultural values which revere nature, making them ideal 

candidates for conservation programs. In every possible way, this is a demographic that should be 

viewed as an important potential partner in the fight to save the monarch butterfly migration, which has 

cascading benefits to ecosystems that are being impacted by climate change. 

 

Rhonda Sellers, Ecological Resource 

Coordinator for the Chickasaw Nation Cultural 
Center, demonstrates how to stratify native 

plant seeds to Ryan Herrod of the Wetumka 
Indian Community during a TAP training 

workshop. 

 

Yuchi Language Project students transplanting 

milkweed as a hands-on training exercise to boost 
their language skills. 
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TAP also provides a nexus for state, national, and international groups to exchange monarch 

conservation ideas and information with Tribal entities. Organizations that have enlisted our assistance 

in connecting with Native monarch conservation efforts include CEC, NatureServe, and the Oklahoma 

Monarch and Pollinator Coalition.  

  

Partnerships with Tribal colleges create additional 

avenues for transferability and long-term impact 

through the creation of educational programming 

that will continue to be used as curricula beyond 

the duration of the grant project funding. We 

have seen firsthand that when students at Tribal 

colleges, many of whom are adult scholars, 

participate in monarch conservation through TAP, 

they take that knowledge back to their home 

communities in other parts of the state, 

empowering them to become community 

educators and policy influencers. TAP currently 

has a multidepartmental partnership with the 

College of the Muscogee Nation in Oklahoma and 

has received partnership requests from the Fond du Lac Tribal and Community College in Minnesota and 

the Pawnee Nation Tribal College in Oklahoma. We are actively seeking to develop these programs 

further as we receive additional funding.   

 

¢!t ŀƭǎƻ ǇŀǊǘƴŜǊǎ ǿƛǘƘ [ŀƴƎǎǘƻƴ ¦ƴƛǾŜǊǎƛǘȅΣ hƪƭŀƘƻƳŀΩǎ ƻƴƭȅ Iƛǎǘorically Black University, in their 

agricultural outreach to rural Oklahomans about the importance of supporting pollinators. These efforts 

include all rural Oklahomans, with an emphasis on educating African American and Native American 

youth using butterflies as a hands-on science engagement tool to promote conservation of monarchs 

and pollinators.  

 

Tribal partners and participants for TAP currently include the following nations: Chickasaw, Seminole, 

Citizen Potawatomi, Muscogee Creek, Osage, Miami, Eastern Shawnee, Choctaw, Sac and Fox of 

Missouri in Kansas and Nebraska, Sac and Fox Nation of Oklahoma, United Keetoowah Band of Cherokee 

Indians in Oklahoma, Pawnee Nation, Alabama-Quassarte Tribal Town, Kialegee Tribal Town, Ponca 

Nation, Tonkawa Tribe, Shawnee Tribe, Karuk Tribe, Iowa Tribe of Oklahoma, Cherokee Nation, 

Delaware Nation, Modoc Nation, Quapaw Nation, Kickapoo, Nottawaseppi Huron Band of Potawatomi, 

Iowa of Kansas and Nebraska, Yuchi, Seneca-Cayuga, and Fond du Lac Band of Lake Superior Chippewa.  

   

For more information on how Tribal Alliance for Pollinators can assist you with restoring habitat on 

Tribal land to benefit monarch butterflies and other pollinators, please go to 

www.tribalallianceforpollinators.com or contact Collin Spriggs at collin@tribesformonarchs.org. 

 

 

 

 

 

 

Blane Stacy of the Oklahoma Conservation Commission leads a 
field training session on controlling non-native invasive species 

at a TAP workshop on habitat restoration. 

http://www.tribalallianceforpollinators.com/
mailto:collin@tribesformonarchs.org
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Climate Change, Ecosystems, and Biodiversity: A Broad Perspective  

Indigenous peoples often describe their experiences with and knowledge of climate change in terms of 

the responsibilities they have to support the wellbeing of human and other-than-human entities now 

and for generations to come. Responsibilities do not refer to actions that take place in isolation. 

Indigenous concepts of responsibility are socio-ecological systems approaches to understanding and 

responding to climate change. By systems, it is meant that the causes and effects of climate change are 

viewed as functions of interconnected, cross-scale relationships. Indigenous experience and knowledge 

of climate change move beyond narrow descriptions of climate change impacts, such as changing water 

temperatures in rivers. Indigenous peoples often recognize that such a change is exacerbated by 

breakdowns in responsibility between human groups to the environment. Euro-American colonial and 

settler industrialization and overdevelopment of river systems, for example, can be related to 

detrimental impacts to water quality, such as rising temperatures, although Indigenous peoples did not 

consent to this hydrologic system modification. Warming can negatively affect fish populations and 

hence humans' ability to take care of fish and other cold water adapted aquatic species. The less 

humans can carry out their responsibilities to fish, the less fish can support humans and other species. 

As this mutual responsibility changes, so too do human ceremonies and social activities, as subsistence 

harvesting lessens. This leads to changes in cultural and family lifeways. At the same time, the threat of 

warming waters caused by riverine water impoundments (e.g., dams) can mobilize political action locally 

and more broadly and motivate Indigenous knowledge keepers to engage with scientists.  

 

Indigenous systems approaches, then, often involve grassroots, bottom-up activities as responses to 

climate change. Systems-level action can start with families, clans, or lodges and ripple out through 

different parts of society. This is different from other systems approaches that start with attempts to 

Ecosystems & Biodiversity 

Key Message 

LƴŘƛƎŜƴƻǳǎ ǇŜƻǇƭŜǎΩ ǿƻǊƭŘǾƛŜǿǎ ŀǊŜ ƻŦǘŜƴ ŜȄǇƭƛŎƛǘ ƛƴ ǘƘŜƛǊ ŎŜƴǘŜǊƛƴƎ ƻŦ ǊŜƭŀǘƛƻƴŀƭƛǘȅΣ ǊŜǎǇƻƴǎƛōƛƭƛǘȅΣ 

and reciprocity as critical concepts. These concepts may inform Indigenous responses to climate 

change impacts. Examples of these impacts include increases in destructive wildfires and invasive 

species and decreases in ice cover due to warming temperatures. Indigenous actions to address 

climate change are vast, but some specifics include cultural burning, protection of keystone species, 

and observation and evaluation of invasive species before deciding how to respond. 

 

Recommendation 

LƴŘƛƎŜƴƻǳǎ ǇŜƻǇƭŜǎΩ ǎŜƭŦ-determination as practitioners of biodiversity conservation and ecological 

protection should be respected and reinforced. This can be accomplished through collaboration 

across jurisdictions; consultation and consent in the first stages of land and water planning, 

research, and management processes; increasing support mechanisms for the exercise of Tribal 

ǎƻǾŜǊŜƛƎƴǘȅΤ ŀƴŘ ǘƘŜ ǊŜƳƻǾŀƭ ƻŦ ōŀǊǊƛŜǊǎ ǘƻ LƴŘƛƎŜƴƻǳǎ ǇŜƻǇƭŜǎΩ ǊƛƎƘǘǎ ǘƻ ƛƳǇƭŜƳŜƴǘƛƴƎ ƭŀƴŘ 

management practices. Special measures need to be taken to provide access to and management of 

off-reservation areas to promote the retention of culturally valued species to the maximum extent 

possible. This helps to ensure the promotion and maintenance of Indigenous economies, traditional 

knowledge systems, livelihoods, meanings, and identities. Where retention is not feasible, measures 

are needed to support Tribes in making new relationships with newly arriving living beings. 
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view an entire system from a higher scale (e.g., regional, state/provincial, national, global) and issue 

analyses and recommendations from that vantage point.  

 

Holistic Approaches to Ecosystems and Biodiversity 

Indigenous peoples approach climate change through socio-ecological cross-systems concepts, often 

ǳǎƛƴƎ ǘŜǊƳǎ ƭƛƪŜ άƭŀƴŘέ ǘƻ ǎǘŀƴŘ ƛƴ ŦƻǊ ŎƻƳǇƭŜȄ ǎȅǎǘŜƳǎ ƻŦ ǊŜǎǇƻƴǎƛōƛƭƛǘƛŜǎ ƭƛƪŜ ǘƘƻǎŜ Ƨǳǎǘ ŘŜǎŎǊƛōŜŘΦ Lƴ 

9ƴƎƭƛǎƘΣ ǎƻƳŜ LƴŘƛƎŜƴƻǳǎ ǇŜƻǇƭŜǎ ǳǎŜ ŎƻƴŎŜǇǘǎ ƭƛƪŜ άŎƻǎƳƻǾƛǎƛƻƴΣέ άƪƛƴŎŜƴǘǊƛŎƛǘȅΣέ ƻǊ άƻǳǊ ǊŜƭŀǘƛƻƴǎ ƛƴ 

ƴŀǘǳǊŜΣέ ŀƳƻƴƎ others, to denote systems that are moral, social, cultural, and environmental. 

Indigenous peoples also use their own words integrated within English language discourse. Margaret 

Noodin (2017) discusses the concept of ganewendamaw, which denotes complex caretaking and 

responsibility in the Anishinaabe language. Jeanette Armstrong (1998) discusses the concept of 

ƴŀǿΩǉƛƴǿƛȄǿΣ ǿƘƛŎƘ ŘŜƴƻǘŜǎ ƭƻƴƎ-ǘŜǊƳ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƛƴ ǘŜǊƳǎ ƻŦ ǇŜƻǇƭŜΩǎ ƛƴǘŜǊŀŎǘƛƻƴ ǿƛǘƘ ŜŀŎƘ ƻǘƘŜǊΣ 

the environment, and their passing on of knowledge and ecological literacy, in the Okanagan language.  

 

For at least some of these Indigenous peoples, scholars and knowledge-holders have expressed different 

understandings of other-than-human entities as self-determining agents who can engage in responsible 

and reciprocal relationships with humans (Larsen & Johnson, 2017). The behavior of these beings, 

persons, relatives, relations, ancestors, or other entities is taken very seriously by some Indigenous 

persons as a source of teachings, knowledge, and moral protocols supporting coexistence (Reo & Whyte, 

нлмнύΦ Lƴ ŎŜǊǘŀƛƴ ŎƻƴǘŜȄǘǎΣ LƴŘƛƎŜƴƻǳǎ ǇŜƻǇƭŜǎΩ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ǿƛǘƘ ƴƻƴƘǳƳŀƴǎ ŀǊŜ ǘŀƪŜƴ ǘƻ ŜȄǇǊŜǎǎ ǘƘŜƛǊ 

sovereignty relating to the land, water, and air given the importance of relationships of interdependence 

with other-than-human entities (Quintana, 2020).  

 

Some Indigenous persons have been involved in engagements with scientists on analogous concepts 

used in fields like ecology, climate science, ecosystem services, or sustainable resource management. 

For example, the concept of an ecosystem is often understood as a systematic organization, or a group 

of interconnected elements, formed by the interaction of a community of organisms, including humans, 

with their environment. The concept of biodiversity typically involves every living thing among 

ecosystems, including plants, bacteria, animals, and humans. These concepts highlight 

interconnectedness. Indigenous peoples have pushed these concepts to consider the integration of 

humans within environmental systems and ecological processes, highlighting how moral relationships 

like responsibilities (vs. rights) are important ways to learn about, plan for, and respond to current and 

future climate or socio-ecological disruptions.  

 

Reciprocity, as a quality of responsibility, is one example. In the literature, reciprocity is often used by 

Indigenous people as a way of understanding the mutuality of relationships of interconnectedness. 

Reciprocity can be placed in dialogue with how ecologists view ecosystems. Indigenous peoples 

understand reciprocity as involving multiple relationships, often crossing generations, and as sustaining 

numerous species (including humans), which is comparable to the understanding of biodiversity and 

resilience. Yet often, where sciences of ecosystems and biodiversity exclude or limit connections to 

human societies, Indigenous peoples are among those (including many in different scientific fields) 

emphasizing that cultural, social, familiar, and political systems are integral aspects of environmental 

systems. Ronald Trosper, for example, has studied how potlatch (giveaway) ceremonies for Salish 

peoples were part of complex systems of reciprocity in which Indigenous peoples coordinated the 

stewardship of entire regional ecosystems. Reciprocity was systematically entwined with moral 

responsibilities, methods of evaluating the success of knowledge keepers and stewards of species like 
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salmon, and conflict mediation and mutual aid protocols to appeal to in times of disruption or hardship 

(Trosper, 2002).  

 

 

For some Indigenous peoples, ecosystem conservation protects key species for biodiversity while also 

conserving key sources of community medicine, food, and cultural activities, all of which are tied to 

maintaining and increasing the use of language, family activities, ceremony, and other broader societal 

groups such as clans, lodges, and houses. Indigenous notions of conservation are generally associated 

with sustainable resource use that fosters biodiversity by focusing on indicator or cultural keystone 

species that represent ecosystem integrity. Founded upon acknowledging that species have the right to 

survive, thrive, and reproduce, these Indigenous conservation tenets often include sacred areas (as 

protection area surrogates), rituals, practices that mitigate or reduce harvest of species at vulnerable 

times of their life cycles (e.g., mating or breeding), and retaining plant and animal propagules that 

sustain populations. This sustainable resource-use also consciously influences ecological processes (e.g., 

cultural burning, discussed below) that conserve the socio-ecological system as a form of mutualism 

(Garibaldi & Turner, 2004). Conservation of the land supports culture and creates a sense of community 

and connectedness that ultimately protects the health and wellness of the people and the environment. 

A respect for the aforementioned concepts and practices is crucial in some Tribal and non-Tribal 

relationships for environmental problem solving (Reo et al., 2017).   

 

COVID-19 as a Systems Issue 

The COVID-19 pandemic is another systems issue that can be understood similarly to ecosystems and 

biodiversity. Some Indigenous peoples face severe threats from the pandemic due to pre-existing 

Case Study: Beaver and Coho Salmon 

One example of the value Indigenous peoples place on relationships and interconnected systems  

involves beaver and Coho salmon habitats. Beavers once populated many drainages and were critical to 

the habitat quality and populations of Coho salmon across the Pacific West in many coastal riverine 

systems. Fur trapping and industrial riverine development for hydrologic modifications (e.g., water 

resource impoundments and dams) actively removed beavers from many river systems. Beavers, as 

significant natural geo-hydro engineers, promoted and maintained aquatic habitat features, such as 

ponds and backwater habitats in fluvial river valleys that directly increased the suitability of habitat for 

Coho salmon. Coho salmon, as an anadromous fish, spawn in freshwater creek and river systems; the 

juveniles spend one year in the fresh water systems before migrating downstream to the ocean.  

 

Beavers and Coho salmon are highly valued aquatic species by Tribes economically, culturally (e.g., 

ceremony), politically (e.g., treaty rights), and health-wise (e.g., nutritious diet). Efforts by Tribes for 

riverine restoration coupled with beaver and Coho salmon conservation are understood to be critical 

components of a healthy aquatƛŎ ǎȅǎǘŜƳΩǎ ŦǳƴŎǘƛƻƴŀƭƛǘȅΣ ǿŀǘŜǊ ǉǳŀƭƛǘȅΣ ŀƴŘ ǿŀǘŜǊ ǉǳŀƴǘƛǘȅ ŀƴŘ ŀǎ 

mitigation measures to alleviate the effects of climatic-induced drought and changes in precipitation 

regimes (Dittbrenner et al., 2018; DeVries et al., 2012). These efforts involved political mobilization by 

leaders, actions by family members, harvesters, and knowledge keepers, studies and regulatory 

activities by Tribal and intertribal staff, and partnerships with other actors in the region (Ebbin, 

2012). These grassroots efforts start with people taking personal responsibility locally and coordinating 

with others in ways that provide the basis for scaling up.  
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inequalities caused by Euro-American colonial invasion and settlement, related to access to water, 

economic opportunities, and food resources, among others. Risks are also tied to the meaningfulness 

and significance of cultural activities (e.g., rituals and ceremonies) that may have to be halted or 

modified from traditional practices due to social distancing. The pandemic affects systems spanning 

numerous relationships connecting humans and the environment. In particular, when intra- and inter-

family ceremonial or subsistence activities that promote and foster broader socio-ecological resistance 

or resilience are prevented or greatly reduced, adaptive capacity to respond to climatic disruptions or 

recovery following climate-induced disturbances such as storm surges and flooding, wildfires, 

heatwaves, and extreme cold weather events may also be reduced.  

 

As one of the greatest contemporary issues globally, climate change and its associated extreme weather 

and environmental hazard events present significant challenges for Tribal communities. These events 

bring on new stressors that can compound the impacts of the historical legacy and persistent socio-

economic problems that many Tribes face (Bennett et al., 2017). In light of the COVID-19 pandemic, 

these climatic stressors and their systemic consequences are exacerbated by physical isolation and 

digital disconnection, leaving the most vulnerable in our communities at an even greater risk.  

 

Introduced invasive diseases such as flu, smallpox, and others have decimated Indigenous populations 

(Pfeiffer & Voeks, 2008). COVID-19 could be considered the latest example of such an introduced 

species. (Other introduced invasive species are discussed in depth below.)  

 

The already existing digital divide leaves some communities lacking access to resources and information 

that are commonly available to most of the U.S. Moreover, people without adequate cell phone 

coverage or reliable high-speed internet are not able to access time-sensitive information on how the 

virus is spreading, updates on where to access healthcare professionals or supplies, or access to each 

other to check in on family and friends. For this or future pandemics that require the need for 

quarantine and self-isolation, this divide can feel insurmountable. The inability to connect with others 

can take a physical and emotional toll, and the longer in-person contact is limited, the more individuals 

lose the ability to create or maintain a sense of community. Further isolation and lack of cohesion will 

also impact efforts to support or advance discourse on climate change or the implementation of climate 

adaptation activities.  

 

Indigenous Fire Stewardship as a Systems Approach 

Indigenous fire stewardship has been used by Indigenous peoples since time immemorial as an 

approach to managing landscapes. It is a contemporary term used to define the traditional practice of 

ŀǇǇƭȅƛƴƎ ŦƛǊŜ ǘƻ ŜƴƘŀƴŎŜ ǘƘŜ ǊŜǎƻǳǊŎŜǎ ƛƴǘŜƎǊŀƭ ǘƻ ƻƴŜΩǎ ƭƛǾŜƭihood and culture and includes burning (or 

prevention of burning) for ecosystem health (Marks-Block et al., 2019). Indigenous peoples have a long 

history of managing the landscape through their use of burning (Boutsalis, 2020; Marks-Block et al., 

2019; Marks-Block, 2020). The use of cultural burning mitigates the spread and threat of catastrophic 

wildfire and helps create resilient landscapes while promoting the growth of culturally significant plants 

used as food sources or as source material for activities such as basket-making. Burning can be 

understood as a strategy for addressing climate change, as drier grasslands and forests and changes in 

snowpack and snowmelt are connected to less vigorous plants, increases in invasive species, insect 

outbreaks, and stand-replacing fire events. Generations of fire suppression and the forced removal of 

Tribal fire use has left the landscape overburdened with fuel and out of balance in the composition of 

species.    
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In the western U.S., Indigenous fire stewardship was a common practice until the U.S. government 

outlawed the practice under the threat of punishment by death after colonization (Cagle & Hootnick, 

2019). The proper timing, approach, and strategies for burning practices are held in the collective 

traditional knowledge of Indigenous peoples. In the Pacific Northwest, the United States Forest Service 

(USFS) has been experimenting with the use of cultural burning approaches in collaboration with the 

Yurok and Karuk Tribes. In a manner, they are exploring the concepts of co-management between the 

USFS and the Tribal governments. Lake and Christiansen (2019) discuss the concepts of Indigenous land 

ǎǘŜǿŀǊŘǎƘƛǇ ǳǎƛƴƎ ŦƛǊŜ ŀǎ ŀ ƭŀƴŘ ƳŀƴŀƎŜƳŜƴǘ ǘƻƻƭΦ Lƴ ǘƘŜƛǊ ŎƘŀǇǘŜǊ ǎǳƳƳŀǊȅΣ ǘƘŜȅ ǎǘŀǘŜΣ άCǊŜǉǳŜƴǘ ŀƴŘ 

diversified Indigenous burning coupled with natural ignitions reduced fuel loading, which often lowered 

the intensity and resultant severity of subsequent fires. As such, lower fuel load continuity, increased 

proportion of fire-adapted vegetation, and heterogeneous habitats (mosaics) greatly reduced the threat 

of and impacts of non-ŘŜǎƛǊŜŘ ǿƛƭŘŦƛǊŜǎΦέ 

 

An example of the interconnectedness of Indigenous stewardship, biodiversity, and ecosystems is the 

coupling of socio-ecological and cultural fire regimes. Indigenous fire stewardship exercised by cultural 

practitioners includes but is not limited to the diversification of natural ignitions (e.g., lightning) that 

often increases the frequency of fires, differing seasons or timing of burns within seasons (linked to 

phenology), specificity, and spiritual-ritual obligations of having fires that increase resilience, diversity, 

productivity, and functionality of fire-dependent plants, fungi, and animals that are highly valued Tribal 

resources. From Indigenous perspectives, the use of fire across different ecosystems among varied 

habitats in response to climate and socio-ecological processes is and can be human services for 

ecosystems and associated species (considered as relations). This stewardship approach can increase 

and promote species diversity, resistance or resilience among habitats and between species (reduced 

fuel loads and vegetation continuity, fostering drought-tolerant fire-adapted species), and socio-

ecological systems. This can help moderate or buffer against extreme events that expand the range of 

variation (e.g., natural fires or lightning being sporadic results in more intensive fires, compared to an 

intentionally culturally burned area that moderates the intensity and severity of future fires), climate-

induced disruptions (e.g., intentional burning to foster diverse vegetation mosaics reduces pest 

outbreaks and the vulnerability of other factors such as drought stress by having less water competition 

among trees that are drought-tolerant and fire-adapted), and Euro-American colonial modification of 

ecological processes (Lake & Christianson, 2019; Lake et al., 2017; Norgaard & Tripp, 2019; Lake, 2021). 

 

Impacts on Ecosystems & Biodiversity Experienced by Tribes  

The following sections describe some of the general and specific impacts to ecosystems that many 

Tribes are experiencing. 

 

General Ecosystem and Biodiversity Impacts 

Climate change is inducing species, habitat, and ecosystem range shifts that are slowly leading to the 

loss of valued resources and is making these resources less reliable (Bond et al., 2019; McNeeley et al., 

2020; Weiskopf et al., 2020). These range shifts are moving culturally important resources outside of the 

territories and areas where Indigenous peoples can access them. Climate change can also cause 

phenological shifts that make resources less available or available at times outside of a legal harvest 

window or can disrupt ecological interactions, resulting in ecological reorganization and changes in 

species composition. This can lead to "biocultural hysteresis" due to interacting biological, ecological, 

legal, social, and other historical constraints, resulting in disruption of Indigenous human-nature-social 
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relationships and limiting capacities to adapt (Billiot et al., 2019; McKinley et al., 2019; Lyver et al., 

2019).  

 

Increasing Temperatures 

While ecosystems on Tribal lands throughout the U.S. are experiencing impacts from climate change, 

one example is in the upper Midwest (northern Minnesota, Wisconsin, and Michigan), where climate 

changes threaten many beings on which Ojibwe Tribes residing in the region rely for spiritual, 

ceremonial, medicinal, subsistence, and economic needs. Many Ojibwe Tribes retained treaty rights to 

hunt, fish, and gather off-reservation in the upper Midwest Ceded Territories, and these treaty rights are 

directly threatened by climate change and its effects on culturally important beings. Increased air and 

water temperatures will stress northern animal beings such as wood turtle, moose, American marten, 

snowshoe hare, fisher, sharp tailed grouse, common loon, and tullibee, as well as many northern and 

boreal plant beings such as wild rice, paper birch, sugar maple, northern white cedar, and Labrador tea 

(Handler et al., 2012; Panci et al., 2018), many of which are found at the southern end of their ranges in 

the Ceded Territories. This may lead to reduction or possible elimination of accessible ranges or 

occurrences (Tribal Adaptation Menu Team, 2019), such as the modeled northward shift of suitable 

habitat for sugar maple (Iverson et al., 2008).    

 

The Great Lakes, a resource vital to many beings in the upper Midwest, including human inhabitants in 

the region, are also experiencing warming, which could threaten the habitat and existence of many, 

make the lakes more prone to algal blooms, and create more suitable habitat for invasive species. Fish in 

the Great Lakes are under particular threat, as climate change, pollution, and invasive species are 

imperiling the entire food web of the Great Lakes, including native lake trout (Folger, 2020; Treat et al., 

2020). Tribes in the region, as well as intertribal agencies, have begun adaptation planning processes 

together with other efforts to record valuable Tribal knowledge from elders and harvesters. (See the 

Midwest Region of the Tribal Climate Change Assessments and Adaptation Plans document for links to 

eight completed plans from the region.) 

 

Where the ranges of species, habitats, and ecosystems are shifting, special measures need to be taken 

to provide access to and management of off-reservation areas to promote the retention of culturally 

valued species to the maximum extent possible. This helps to ensure the promotion and maintenance of 

Indigenous economies, traditional knowledge systems, livelihoods, meanings, and identities. Where 

retention is not feasible, measures are needed to support Tribes in making new relationships with newly 

arriving living beings. Collaborative efforts and initiatives between cross-jurisdictional stakeholder 

groups and Indigenous peoples are also needed. 

 

Wildfire 

According to the Congressional Research Service (CRS, 2020), the number of acres burned annually by 

wildfire has drastically increased as a result of anthropogenic climate change. The record-breaking 

wildfire seasons of 2019 and 2020 had such extreme impacts that public utility companies have begun to 

shut off power to millions of people in metropolitan urban and rural outlying areas as a preventative 

approach to wildfire inception during extreme wind and storm events (County of Santa Clara Emergency 

Management, 2020). This pattern is only expected to worsen, as climate change will continue to 

increase the number of extreme fire days by 2100 (Goss et al., 2020). As of October 2020, California was 

on track for another record wildfire season, with over four million acres burned (Freedman, 2020). In 

2012, the California Public Utilities Commission ruled that energy companies can turn off power during 



 

71 
 

high wind events to avoid wildfire. This often leaves rural communities, and many rural Tribes, without 

power during high wind events that can last for days. This has a great impact on communities who do 

not have backup generators or other options to maintain critical infrastructure and care for elders and 

others who are at increased risk. Renewable energy development, microgrids, transmission 

infrastructure, and other associated infrastructure in rural areas could help reduce these risks to Tribal 

communities (see Chapter 6: Economic Development: Renewables, Sustainable Economies, & Carbon 

Offsets, and Chapter 7: Energy & a Just Transition for more on energy development).  

 

While climate change is directly exacerbating extreme fire behavior, a history of fire suppression and 

loss of Tribal sovereignty over land management practices has removed fire from its ecological role on 

the landscape (Norgaard, 2014). Historical fire regimes throughout the southwestern U.S. (with 

presumed mean fire return intervals of 5 to 10 years, according to the LANDFIRE database) were 

disrupted through Euro-American colonial settlement of the West, arrival of the railroad, and a national 

policy of fire suppression. In Alaska, wildfires are becoming more frequent and severe as a result of 

climate change (Woo et al., 2020). 

 

As a result of high-severity and catastrophic wildfires, communities like that of Santa Clara Pueblo, 

located on the eastern flank of the Jemez National Forest in New Mexico, have experienced severe post-

fire runoff and costly damages to infrastructure ($200 million dollars) and are facing the question of 

what happens after the fire. Following the Las Conchas fire of 2011, landscapes that were once 

dominated by Ponderosa pine and Douglas fir are coming back not as forests, but as shrubland. 

Ecological disturbances like wildfire are increasing ecological transformation throughout the Southwest 

and threaten already declining snowpack-water resources (Keyser et al., 2020).  

 

At present, the Tulalip Tribes and the Swinomish Indian Tribal Community are partners on a project that 

is studying forest fires on the west side of the crest of the Cascade Mountains in Oregon and 

Washington (Harvey et al., in progress). These fires tend to occur in areas that have a heavy fuel load, 

but are also wetter and less likely to burn. However, under the right conditions (extremely hot, dry 

winds from the east during droughts), the researchers have documented extensive and intense wildfires 

that are difficult to contain. They are exploring the climatic drivers of these wildfires and seeking a 

better understanding of how these forests respond to burning. For Tribes, a warming climate and its 

relationship to fire is a critical resource management concern, especially regarding natural resource 

planning in the wildlandςurban interface. These research results will inform USFS Forest Plan revisions 

and National Park Service (NPS) post-fire planning under a warming climate and guide pre- and post-fire 

adaptive management by the NPS, USFS, Bureau of Land Management, and several federally recognized 

Tribes in the northwestern U.S. 

 

Invasive Species  

The concept of invasive species is important within Indigenous understandings of ecosystems and 

ōƛƻŘƛǾŜǊǎƛǘȅΦ hŦǘŜƴ άƛƴǾŀǎƛǾŜ ǎǇŜŎƛŜǎέ ƛǎ ŀ ǘŜǊƳ ǳǎŜŘ ǘƻ ƛƴŘƛŎŀǘŜ Ƙƻǿ ǘƘŜ ƛƴǘǊƻŘǳŎǘƛƻƴΣ ŜǎǘŀōƭƛǎƘƳŜƴǘΣ 

and migration of a species that was initially not Indigenous or native (i.e., exotic) disrupts the integrity of 

ŀƴ ŜŎƻǎȅǎǘŜƳ ŀƴŘ ƛǘǎ ōƛƻŘƛǾŜǊǎƛǘȅΦ άLƴǾŀǎƛǾŜέ ƻǊ άŜȄƻǘƛŎέ ŎƻƴƴƻǘŜǎ ŀ ŦƻǊŜƛƎƴƴŜǎǎ ŀƴŘ ŀ ƭŀŎƪ ƻŦ ōŜƭƻƴƎƛƴƎΦ 

Indigenous peoples, while concerned about invasive species, have in some cases taken a different 

approach.  
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Indigenous peoples have multiple beliefs and traditions concerning so-called invasives which may be 

held simultaneously within a community. Some conceptualize species as "nations" having their own 

sovereignty, and species new to an area are not treated as invaders but rather as approaching nations 

that are addressed through protocols with a foundation in respect for all life (Reo & Ogden, 2018). They 

are also viewed as relatives (e.g., "all my relations"), what has been called "kincentricity" (Martinez, 

2018; Salmon, 2000). Rightful and respectful relationships with other-than-human beings and the 

natural world are central to Indigenous societies. This creates an "original compact" between humans 

and living beings, violations of which can cause plants and animals to refuse to give their lives for human 

sustenance (Martinez, 2018).  

 

Indigenous peoples often wait for a time after a new relative arrives to understand what they are 

offering to provide and in return the mix of responsibilities for them and how best to relate to or 

address the new member to the socio-ecological system (Reo & Ogden, 2018). This approach then 

mobilizes multiple ways of evaluating a newly arrived potential relative, including cultural knowledge, 

rather than immediately engaging in the eradication of the invasive or exotic species. At the same time, 

Indigenous peoples make decisions about their conservation and climate change priorities based on the 

degree of relatedness. Although all species are related, they may have different degrees of relatedness. 

Some species may be prioritized over others because of the particular relationships, services, or 

functions they provide with respect to other relations they have with Indigenous peoples, given 

ramifications beyond their ecological function (Pfeiffer & Voecks, 2008). Some are recognized as 

disrespectful relatives that are outcompeting, modifying, or degrading the suitability of biocultural 

systems and their relationships with close relatives, and these harmful effects are also evaluated and 

assessed (Bond et al., 2019). 

 

Some scientists have voiced concern that taking cultural concerns into account, such as through 

ƛƴŎƻǊǇƻǊŀǘƛƴƎ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ άŎǳƭǘǳǊŀƭ ƪŜȅǎǘƻƴŜ ǎǇŜŎƛŜǎΣέ Ŧŀƛƭǎ ǘƻ ŀŎƪƴƻǿƭŜŘƎŜ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ, 

environmental, biodiversity, and economic harms associated with invasive species and claim that there 

is insufficient evidence that it is effective (Garibaldi & Turner, 2004; Nuñez & Simberloff, 2005). This 

criticism itself fails to recognize that Indigenous peoples often follow the same policy prescriptions of 

scientists to evaluate invasive species on a case-by-case basis, using multiple criteria to decide whether 

to eradicate, control, or accommodate invasive species (see Long et al., 2018, for many examples of 

culturally appropriate invasive species management). 

 

Impacts of invasive species on Indigenous peoples and relations 

Human travel, trade, colonial environmental management policies, and climate change are contributing 

to the spread of invasive species both within the U.S. and worldwide, with invasive species being one of 

the leading drivers of biodiversity loss (Lipton et al., 2018; Norgaard, 2007; APHIS, 2020). From a 

Western science and management perspective, such species are often defined as organisms, nonnative 

to a particular ecosystem, that cause or are likely to cause economic or environmental harm or harm to 

human health (ISAC, 2006; Lipton et al., 2018). Invasive species can include animals, plants, or 

pathogens. 

 

For Indigenous peoples, another type of harm that can occur is cultural. This can be evaluated in terms 

of relationships and responsibilities as discussed above. Invasive species can affect the quantity, health, 

and quality of culturally important resources and relatives, in some cases upsetting ecosystem balance 

(Pfeiffer & Voeks, 2008). For instance, in the southwestern U.S. tamarisks are replacing culturally 



 

73 
 

significant willows and cottonwoods. In the Pacific Northwest, escaped farm Atlantic salmon are 

competing with and transferring diseases to the native, wild salmon, threatening spiritual and cultural 

practices and identities. Another example is when an exotic, nonindigenous aquatic invertebrate (e.g., 

mussel or snail) is introduced to a river or lake ecosystem, it begins to displace other native aquatic 

species, changes the water quality, and may be more adaptable given industrial modification of the 

ǊƛǾŜǊΩǎ ƘȅŘǊƻƭƻƎƛŎ ƴŜǘǿƻǊƪ όtŜǘǎŎƘ Ŝǘ ŀƭΦΣ нлнлΤ YŜǊƴŀƴΣ нлмрύΦ 

 

In the western U.S., American colonial settler fire suppression policies combined with a decline in 

Indigenous land tenure have disrupted socio-ecological fire regimes (including Indigenous fire 

stewardship). This has contributed to the expansion of some conifers and hardwoods, as well as other 

vegetation invading formerly burned habitats that hosted many fire-dependent plant and animal species 

on which Indigenous peoples rely (Huntsinger & McCaffrey, 1995; Keeley et al., 2010). Subsequently, 

ecosystem services and functions have been degraded, leading to increased vulnerability to drought, 

increased prevalence of insects and diseases, and an increase in the risk of severe wildfire that is 

exacerbated by climate-induced drought (Knapp et al., 2013; Heyerdahl et al., 2006).  

 

Invasive species can also affect the accessibility of resources. In California, invasive plants with spines 

and thorns such as starthistle and stinging nettle can inhibit weavers from gathering basketry plants 

(Pfeiffer & Ortiz, 2007).  

 

In addition to these more direct effects, management responses to invasives can also affect Tribal 

peoples. One of the major factors in the establishment of the California Indian Basketweavers 

Association was opposition to herbicide use to control invasive plants. Concerns include impacts on the 

quality of basketry materials (e.g., stunted growth, plant physical deformities), potential health impacts 

to weavers, plants, wildlife, and aquatic species resulting from chronic exposure to herbicides or their 

residues, and desecration of sacred sites by spraying poisons on the sites (Norgaard, 2007; Pfeiffer & 

Ortiz, 2007).  All of the impacts discussed above can lead to cultural erosion in which stories, language, 

management practices, intergenerational connections, and relationships with and reverence for species 

and places are diminished or lost and not passed on to younger generations (Pfeiffer & Voeks, 2008). 

Dibaginjigaadeg Anishinaabe Ezhitwaad: A Tribal Climate Adaptation Menu  

¢ƘŜǊŜ ƛǎ ƴƻ ǿŀȅ ǘƻ ǘǊŀƴǎƭŀǘŜ άƛƴǾŀǎƛǾŜ ǎǇŜŎƛŜǎέ ƛƴǘƻ !ƴƛǎƘƛƴŀŀōŜƳƻǿƛƴΣ ŀƴŘ ǘƘŜ ǘŜǊƳ ƛǘǎŜƭŦ ƛǎ 

considered disrespectful. The Dibaginjigaadeg Anishinaabe Ezhitwaad: A Tribal Climate Adaptation 

Menu ŀǳǘƘƻǊ ǘŜŀƳ ǿŀǎ ƎƛǾŜƴ ǘƘŜ ǇƘǊŀǎŜ άōŀƪŀŀƴ ƛƴƎoji gaa-ƻƴŘŀŀŘŀƎέ ōȅ ŀƴ hƧƛōǿŜ ŜƭŘŜǊ ŀƴŘ 

ƭŀƴƎǳŀƎŜ ǎǇŜŀƪŜǊ ǘƻ ǊŜŦŜǊ ǘƻ ǘƘŜǎŜ ōŜƛƴƎǎ ό¢!a ¢ŜŀƳ нлмфύΦ [ƻƻǎŜƭȅ ǘǊŀƴǎƭŀǘƛƴƎ ƛƴ 9ƴƎƭƛǎƘ ǘƻ άƴƻƴ-

ƭƻŎŀƭ ōŜƛƴƎǎΣέ ǘƘŜ ǇƘǊŀǎŜ ǊŜŦƭŜŎǘǎ ǘƘŜ !ƴƛǎƘƛƴŀŀōŜ ōŜƭƛŜŦ ǘƘŀǘ ŀƭƭ ōŜƛƴƎǎ ŘŜǎŜǊǾŜ ǊŜǎǇŜŎǘ ŀƴŘ ǘƘŀǘ ŀƭƭ 

were given original instructions by the Creator. Beings that have found themselves outside their 

original community are still acting according to their instructions, but their actions may not be 

balanced by the other beings in their new communities, in some cases causing disruption to the normal 

function and health of an ecosystem. The Menu recognizes this conflict and suggests that climate 

adaptation may require respectful actions to minimize or prevent the establishment of bakaan ingoji 

gaa-ondaadag if they pose a threat to the health of the local environment. Culturally appropriate 

approaches and tactics include not only physical and biological control, but also respectful 

observation, seeking traditional and cultural knowledge from areas where beings may be native and 

the creation of new reciprocal relationships through ceremony and harvest. 
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Responses to invasive species and climate change 

The Indigenous focus on relationships and responsibilities increases ways to respond to invasive species 

when compared to Western methodologies. For instance, while some species may be considered 

culturally impoverishing, leading to cultural erosion as described above, other invasives might become 

used in culturally enriching or facilitating ways and become included in or help to retain cultural 

practices. Examples include wild horses becoming incorporated into the traditions of Tribes in the 

western U.S. or invasive plants becoming a part of Indigenous pharmacopeias. In some cases, 

integration of an invasive species into cultural practices and harmful impacts may occur simultaneously. 

Feral pigs introduced into Hawaii from Polynesia have become a part of Indigenous Hawaiian cultural 

rituals, yet at the same time the pigs contribute to the destruction of native ecosystems and the food 

and medicinal plants found therein (Pfeiffer & Voeks, 2008). 

 

In California, basketweavers advocate for the management of invasive plant species from a more 

relational perspective, including protecting native plant competitors of invasive species, using traditional 

cultural burning to promote ecosystem balance, protecting gathering sites from invasion, and restoring 

native plants. They oppose chemical treatments that could harm basketweavers and other relatives 

within the ecosystems that they steward (Norgaard, 2007; Pfeiffer & Ortiz, 2007). In other instances, 

invasive plants that are native pollinator host surrogates are valued and understood to have a service or 

ŦǳƴŎǘƛƻƴ ǿƘƛƭŜ ǘƘŜ Ƙŀōƛǘŀǘ ƛǎ ōŜƛƴƎ ŀŎǘƛǾŜƭȅ ǊŜǎǘƻǊŜŘΦ Lƴ ǎǳŎƘ ŀ ŎŀǎŜΣ ǘƘŜ ¢Ǌƛōŀƭ ǇƘƛƭƻǎƻǇƘȅ ƻŦ άŦŜŜŘƛƴƎ 

ȅƻǳǊ ǊŜƭŀǘƛƻƴǎέ ƛǎ ŜƳōǊŀŎŜŘ ŀƴŘ ŜȄŜǊŎƛǎŜŘ ōȅ ƴƻǘ ŜǊŀŘƛŎŀǘƛƴƎ ŀƭƭ ƴƻƴƴŀǘƛǾŜ ŦƭƻǿŜǊƛƴƎ ǇƭŀƴǘǎΣ but instead 

fostering a transition to native host plants for pollinators (Long et al., 2020). 

 

As the climate continues to change, species will continue to shift in response, with different species 

within ecosystems moving at different rates. Species may disappear from some regions and move to 

others or may become extinct. New species interactions and ecological communities may develop with 

no prior precedent, further challenging and complicating Western conceptualizations of what it means 

to be invasive (Lipton et al., 2018). Indigenous approaches to newcomers that focus on relationships, 

understanding, and responsibilities can inspire a broader array of paths forward and may be particularly 

relevant as we choose how best to respect and respond to all our relations in a transforming and 

uncertain world. 

 

Thawing Permafrost, Glacial Retreat, and Loss of Sea Ice 

5ŜƎǊŀŘŀǘƛƻƴ ƻŦ !ƭŀǎƪŀΩǎ ǇŜǊƳŀŦǊƻǎǘ ōŜƎŀƴ ŀǎ ŜŀǊƭȅ ŀǎ ǘƘŜ ƳƛŘ-1700s due to relatively naturally occurring 

warm climatic cycles, but that has accelerated substantially due to climate change in the 1900s and 

2000s (Jorgenson et al., 2001). This degradation has led to loss of ecosystem services, conversion of 

dominant terrestrial landscapes to aquatic or wetland-type classifications, and the alteration of 

subsurface hydrology (Jorgenson et al., 2001).  

 

Glacial retreat, which occurs whenever melting of a glacier exceeds the rate of snow accumulation that 

would form new glacial ice, and rising sea levels are altering the shoreline of places like southeast 

Alaska. When glaciers retreat, land that was previously ice covered becomes exposed, while rising sea 

levels can lead to inundation of shorelines. Overall, Alaskan glaciers show the highest global rate of 

acceleration of mass change (Li et al., 2021), and southeast Alaska is particularly vulnerable because of 

the combined factors of glacial retreat and sea level rise. Additionally, the isostatic rebound (which is 

the rising of land masses once the weight of an ice sheet is removed) in southeast Alaska has the highest 

measured rate in the world: the community of Yakutat has a measured isostatic rebound rate of one 
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inch per year (McDaniel et al., 2019). This shoreline alteration impacts both the coastal habitats and the 

availability of food resources, particularly for Alaska Natives who typically have a more subsistence-

based diet than other communities (see Chapter 5: Health & Wellbeing). The projected change over the 

next 100 years in shoreline elevation in southeast Alaska ranges from almost six feet of new land 

emergence due to glacial retreat to a loss of 0.65 feet of land due to rising sea levels (McDaniel et al., 

2019). Where land is emerging, the length of estuaries (specifically, eelgrass and clam habitats) is 

projected to decrease by up to 30%, while estuaries in areas of land submergence may lengthen by up to 

3% (Id.). Both scenarios will greatly impact the traditional foods of the Indigenous peoples in southeast 

Alaska. 

  

Melting sea ice impacts species that are dependent on the ice for their hunting, which has cascading 

effects on Alaska Natives who in turn depend on those species for sustenance (Marks-Marino, 2019). 

The loss of sea ice in the Arctic is impacting marine mammals (e.g., walrus and seals) that are unable to 

haul themselves out of the water and onto the ice, which is relatively protected from predators. 

Walruses show a general preference for sea ice to molt, mate, nurse, and rest (Joling, 2018). As an 

alternative, these mammals are gathering on lands connected to the mainland or islands, which are 

occupied by humans and other predators. These areas offer much less protection, greater exposure, and 

more risk for these animals. 

 

Inupiaq and YupΩik hunters have observed and described significant changes, such as to the timing of sea 

ice formation and weather patterns that have, in turn, changed the timing of marine mammal 

migrations, their distribution, and their behaviors, as well as the efficacy of the hunting methods they 

have used for generations (Huntington et al., 2016).  

 

Alaska Natives typically use snowmobiles and four-wheelers as primary sources of transportation in the 

winter to cross both land and bodies of frozen water; in recent years, people have died by falling 

through rivers that had been dependably frozen in the past (Marks-Marino, 2019), making wintertime 

travel and hunting simultaneously more dangerous and less accessible (Huntington et al., 2016; Sharma 

et al., 2020).   

 

Air and Water 

Air and water are two topical areas in which Indigenous peoples have devoted their energies toward 

environmental protection and climate change adaptation and mitigation. While air and water are 

inextricably connected to the broader topic of ecosystems, the structure of many natural resource 

agencies like the U.S. Environmental Protection Agency delineates air, water, and land into their own, 

siloed programs (Office of Air and Radiation, Office of Water, and Office of Land and Emergency 

Management). Although this is counter to the interconnected way in which the world truly functions, 

this report will take an additional, deeper look into the impacts to and responses by Tribes regarding 

both air and water in the following chapters.  

 

Conclusions 

As discussed previously, Indigenous peoples address these issues systemically, relying on diverse 

scientific (Indigenous and Western knowledge) approaches, and leveraging political, cultural, and social 

connections to their ancestral lands that can benefit Indigenous communities and society. Indigenous 

teachings, often with creation stories of norms and responsibilities to family and community, relate 

interconnectedness and dependency. Such teachings are potent reminders of culturally rooted ethics, 
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responsibility, and reflection on the appropriateness of human actions and implications for the 

environment. These approaches are applicable to climatic disruptions that result in degradation or 

damage to valued species used for resources, to localized observations of climatic-induced changes to 

species distributions, or to seasonal or annual movements in relation to ecological factors, be they 

extreme heat or cold, intensified weather, drought, or disturbances such as wildfires.  
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Chapter 4.1: Air 
The narratives in this chapter from the Kootenai Tribe of 

Idaho and the Nottawaseppi Huron Band of the Potawatomi 

of Michigan speak to the challenges and solutions Tribes are 

encountering in maintaining air quality programs and 

protecting the health of their Tribal members. Both Tribes 

lack adequate funding for staff, support, and equipment. 

Without air quality programs, the communities they serve 

suffer health related consequences. The Kootenai Tribe 

provides an example of how states and Tribes can work 

together, and the Nottawaseppi Huron Band describes how 

they actively sought solutions to implementing a complete 

network of air monitoring. A researched overview of Air as it 

relates to Tribes and climate change follows these 

narratives, beginning with the Key Messages and 

Recommendation that the authors have identified. 

 
Kootenai Tribe of Idaho Air Monitoring Equipment 

Written by: Carol Kriebs, Environmental Director ς 

Kootenai Tribe of Idaho 

I have been working with the Kootenai Tribe of Idaho since 

July 9, 2018, and inherited an air station with equipment 

that was 20-plus years old. There were many things that 

needed to be replaced, and priorities had to be set on how 

to begin. The first year the deck was replaced; the wood 

construction had made it unsafe for people to walk on due 

to rotten wood under your feet. I was able to move some 

funding around and replace it with a corrugated metal 

platform. This allows snow to pass through the platform and 

gives staff a slip-resistant surface, as well as longevity for 

many decades.  

 

In 2019, our sensors and equipment began to fail. Due to 

COVID-мфΣ ǿŜ ƘŀŘ ǘǊŀǾŜƭ ŦǳƴŘƛƴƎ ǘƘŀǘ ǿŀǎƴΩǘ ǎpent, so with permission I was able to move those funds 

to buy a new data logger and wind and temperature sensors. The data logger was so old that this model 

ǿŀǎƴΩǘ ŜǾŜƴ ōŜƛƴƎ ǎŜǊǾƛŎŜŘ ŀƴȅƳƻǊŜΦ ¢ƘƛƴƪƛƴƎ L ǿŀǎ ƛƴ ƎƻƻŘ ǎƘŀǇŜΣ ǘƘŜ ǳƴǘƘƛƴƪŀōƭŜ ƘŀǇǇŜƴŜŘΦ aȅ 

nephelometer (PM2.5 monitor) motherboard went out. That took my site offline for months just prior to 

smoke season (a really bad time to lose a major piece of equipment). This time there was no available 

funding for replacements, but conversations with the Idaho Department of Environmental Quality 

(IDEQ) led to them sending us four old nephelometers that they had replaced. We found one of the four 
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that was still working. I did some research and found out these 

units are being phased out. IDEQ has also loaned me an E-Sampler 

so we can co-locate, since no one was sure how long the 

nephelometer would last, giving us time to find funding to replace 

our nephelometer. 

  

Equipment failure is happening all across Indian Country, and 

additional funds are greatly needed to be able to, at a minimum, 

keep equipment running and in most cases to upgrade. The 

National Tribal Air Association has reported this need for many 

years in the Status of Tribal Air Report to EPA leadership, and still 

grant funds being allocated to Tribal programs continue to 

decrease. It is my hope that this article will shed new light on this 

issue and help others to build partnerships with their states, for 

ǿƛǘƘƻǳǘ ǘƘŜ {ǘŀǘŜ ƻŦ LŘŀƘƻΩǎ ƘŜƭǇ ǘƘŜ YƻƻǘŜƴŀƛ ¢ǊƛōŜ ǿƻǳƭŘƴΩǘ ƘŀǾŜ 

been able to monitor through the smoke season.  

 
bƻǘǘŀǿŀǎŜǇǇƛ IǳǊƻƴ .ŀƴŘ ƻŦ ǘƘŜ tƻǘŀǿŀǘƻƳƛΩǎ tŀǊǘƛŎǳƭŀǘŜ aŀǘǘŜǊ aƻƴƛǘƻǊƛƴƎ tǊƻƎǊŀƳ  

Written by: Amy Boetcher, Environmental Specialist ς Nottawaseppi Huron Band of the Potawatomi 

BACKGROUND 

The Nottawaseppi Huron Band of the 

Potawatomi (NHBP) air program serves 

approximately 1,600 Tribal members and is 

located on the Pine Creek Reservation in 

southwest Michigan. We do not receive any 

air-specific funding. We run eligible 

components of our program with EPA GAP 

funds and the rest with Tribal general funds.  

 

NHBP is concerned about pollution from area 

sources, particularly activities relating to land 

use on and near local farm operations. With 

few exceptions, Tribal members live in counties 

with at least 40% (and as much as 80%) of land use in crops and/or are within about 20 miles of 

industrial farm operations (the Reservation is within five miles of three industrial farms). The Pine Creek 

Reservation lies within the St. Joseph River Watershed, of which about 70% is used for crop and animal 

production. On area farms, particulate matter (PM) is a potential concern, coming from windblown dust, 

pesticides, herbicides, and manure use. Another potential source of PM in the area is active oil and gas 

wells. There are currently 15,500 active oil and gas wells in the state of Michigan, and they are becoming 

more numerous in agricultural lands near the Reservation. As the number of active oil and gas well sites 

increases, we would like to be able to monitor the potential impacts on our air.  

Non-Tribal land located about 9 miles from Pine Creek 

Reservation in Calhoun County, Michigan, showing industrial 

farms (circled in orange) and oil/gas wells (circled in yellow). 

There were zero oil/gas wells here in 2013.   

 

Kelby Sullins from the Idaho 

Department of Environmental 

Quality setting up the portable air 

monitoring station. 
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IMPORTANCE OF THE PROJECT 

We are concerned about PM because it impacts the 

health of our community, and climate change may 

have additive impacts. Michigan Department of Health 

& Human Services/Great Lakes Integrated Sciences and 

Assessments reports that one of the top five climate-

related health concerns in Michigan is respiratory 

diseases. According to Johns Hopkins Bloomberg 

School of Public Health, adverse health impacts linked 

to PM include development/exacerbation of chronic 

lung issues, heart attacks, and hospital admissions and 

ER visits for heart and lung disease, among others. In 

addition, PM is known to cause more risks for elders, 

children, and people with heart and/or lung disease. We have a disproportionate number of community 

members that are considered to be more sensitive to PM. We know that Michigan has already 

experienced a 2°F increase in average annual temperature. We do not know what intersectional impacts 

climate change might have on PM pollution and Tribal member health. 

 

PREVIOUS STEPS 

In our first year focusing on ambient air (2018), we identified our generic concerns. They include: 1) 

Tribal member health, and 2) area sources of PM from agriculture. We started exploring how to perform 

an emissions inventory (EI) to create a formal plan of action. We utilized free online trainings, guidance 

documents, and the Tribal Emissions Inventory Software Solution (TEISS) to get oriented, particularly the 

Inventory Preparation Plan wizard. We also read about the $249 PurpleAir monitor, known for its robust 

ǳǎŜ ƛƴ /ŀƭƛŦƻǊƴƛŀ ǘƻ ŘŜǘŜŎǘ ta ŦǊƻƳ ǿƛƭŘŦƛǊŜǎΦ ²Ŝ ŀǊŜ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ǘƘŜ ƳƻƴƛǘƻǊΩǎ ǇƻǘŜƴǘƛŀƭ ǘƻ ƎŜǘ ¢Ǌƛōŀƭ 

citizens involved in our efforts and to serve as a health screening tool. Studies from reputable air quality 

control agencies indicate high levels of correlation between PurpleAir sensors and expensive, 

commercial-grade sensors used by EPA.  

 

One challenge we face in understanding local PM conditions is a lack of local monitors. Of the 68 PM 

monitors currently operated by the state of Michigan and PurpleAir, about 80% are in its southeastern 

counties. PM can vary from neighborhood to neighborhood, so local screenings are important.  

 

CURRENT AND FUTURE STEPS 

PurpleAir Monitoring Network and the NHBP Environmental Dashboard 

We are currently operating one PurpleAir monitor to screen for potentially unhealthy air days. With help 

from our membership, we have placed our first off-Reservation monitor in northern Michigan. We have 

an additional five PurpleAir monitors to strategically expand our screening to areas where Tribal 

members are living (throughout Michigan). We plan to display data from our Tribal PurpleAir monitoring 

Street view of a rural oil and gas operation in 

Calhoun County, Michigan. 
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network on an NHBP Environmental Dashboard. The Dashboard is a website for Tribal membership that 

displays local environmental conditions and highlights Environmental Department program areas. It 

includes local, live weather, PM, and water quality 

readings. It also has an interactive map of Tribal 

parcels, and local radon and environmental 

assessment actions. The PM screenings from our local 

PurpleAir monitor (housed at the government 

campus) are used to apply an existing EPA Air Quality 

Index to our dashboard. Once we complete our EI, we 

will have a better idea of how to best monitor 

pollutants of interest, and how to incorporate them 

into the index. 

 

GOALS FOR DATA 

In 2020/1, we plan to expand our screening of 

neighborhood-scale PM levels by placing PurpleAir 

monitors in other counties with an NHBP presence. Our long-term goal is to be able to impact policy 

relating to sources/impacts of particulate pollution that will help improve and/or protect our 

community's air in an ever-changing climate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pine Creek Reservation Tribal homes pictured just east 
of an active ag field. We are curious what the 
prevailing winds blow onto the Reservation. 
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Spiritual Foundations of Tribal Air-Related Climate Actions 

Indigenous peoples inhabit a living universe, in which proper and respectful relationships lie at the core 

of their Creation stories, identity, cultural integrity and meaning, and dignity as peoples.10 The wind and 

air are often conceived of as living spiritual forces and inhabited by deities such as Father Sky (Forbes, 

2001). All Tribal communities have spiritual protocols, ceremonies, beliefs, and practices related to the 

air, wind, smoke, and sky and cultural responsibilities to respect and maintain balance among these 

spiritual forces and beings. Tribal climate actions are not only about objects and physical processes, but 

relate to maintaining healthy spiritual and environmental balance and relationships (Kimmerer, 2015; 

Krakoff, 2008; LaDuke, 2016). 

 

Tribal Sovereignty and Air Programs 

Tribal sovereignty refers to the rights of American Indians and Alaska Natives to self-governance, as 

recognized in the U.S. Constitution. This concept recognizes that these sovereign states existed long 

before the arrival of Europeans and recognizes the inherent right of Tribal nations to regulate their 

internal affairs. Tribal air programs were born out of Tribal sovereignty rights and are connected to 

federal policy initiatives. The 1984 EPA Indian Policy recognized the unique sovereign status of Tribes. 

The Clean Air Act (CAA) Amendments §301(d) of 1990 established a Tribal role in implementing the CAA. 

The Tribal Authority Rule (TAR) in 1998 recognized the right of Tribes to assert their authority within the 

exterior boundaries of their reservations. The TAR also established Treatment as a State status for Tribes 

that allows them to implement and manage certain environmental programs in Indian Country as a state 

                                                             
10 Every Tribe is sovereign and has their own beliefs and the authority to articulate those beliefs. The references on 
spiritual issues are only provided as preliminary and general orientation and are not intended to voice the beliefs 
of any particular Indigenous peoples, who should be consulted directly on these issues. 

Air 

Key Messages 

 The federal government must uphold Tribal sovereignty, authority, and co-management rights 

for air quality management. Impediments to exercising sovereignty could be removed. For 

example, Tribes should be allowed to perform traditional fire-prevention activities on their 

lands, such as cultural burning of the landscape to prevent wildland fires. 

 Tribes experience disproportionate impacts from poor air quality, including smoke/fine 

particulates, heat, and humidity, all of which can be connected to climate change. These factors 

are believed to impact rates of mortality and morbidity from COVID-19. 

 

Recommendation 

Fully engage Tribes as co-regulators in the very first stages of air quality regulatory planning, 

development, implementation, and enforcement. Adequate funding of air quality programs for 

staffing, monitoring, and emergency response to air quality issues supports Tribal sovereignty, as 

does addressing underlying causes of environmental, social, and health inequalities and injustices 

with the full participation of Tribal peoples. 
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and receive long-term funding. An example of Tribes asserting air quality authority is the EPA Region 10 

incorporation of the Federal Air Rules for Reservations (FARR). These rules were designed to protect air 

quality on the 39 reservations in the region in the absence of Tribal-specific regulations. In 2011 the EPA 

promulgated the Federal Indian Country Minor New Source Review Rule, which created a mechanism 

for permitting of minor sources on reservations. Prior to this action, there was no mechanism for any 

permitting authority to issue these permits, allowing sources to operate unchecked. This permitting 

authority was an important step toward recognizing Tribal sovereignty. Presidential Executive Order 

13175 of 2000 requires fŜŘŜǊŀƭ ŀƎŜƴŎƛŜǎ ǘƻ ŜƴƎŀƎŜ ƛƴ ά/ƻƴǎǳƭǘŀǘƛƻƴ ŀƴŘ /ƻƻǊŘƛƴŀǘƛƻƴ ǿƛǘƘ LƴŘƛŀƴ ¢Ǌƛōŀƭ 

GovernmenǘǎΣέ further acknowledging the importance of Tribal contributions to air quality 

management. 

 

As of 2020 there are 121 Tribes with either §103 (project) or §105 (program) air quality funding.11 Many 

Tribes conduct air quality activities through Indian General Assistance Program12 (IGAP) work plans and 

funding. Tribes use §103, §105, and IGAP funding for multiple purposes, from conducting indoor air 

quality assessments and completing emissions inventories to carrying out air quality monitoring in order 

to protect the health of their Tribal members and their environments, all of which can also be connected 

to climate change. 

 

¢ƘŜ bŀǘƛƻƴŀƭ ¢Ǌƛōŀƭ !ƛǊ !ǎǎƻŎƛŀǘƛƻƴΩǎ (NTAA) 2020 Status of Tribal Air Report (STAR) outlines how Tribal 

funding has remained stagnant, even as Tribes are being asked to do more in the field of air quality. As 

described in the STAR, the original Tribal funding amount of $11 million (1996) would translate to $31 

million if it kept pace with increasing health care costs, or $18.1 million if it kept pace with the rate of 

inflation (NTAA, 2020). 

 

Air Impacts and Tribal Vulnerability 

The U.S. Department of Health and Human Services Office of Minority Health (2018) has shown that 

American Indians and Alaska Natives (AI/AN) have higher rates of disease and lower life expectancy than 

Caucasians, often from diseases that can be connected to high levels of fine particulate matter (PM2.5) 

(such as heart disease, cancer, diabetes, and stroke [Bowe et al., 2019]) as well as to lower incomes and 

geographic isolation. (See narrative titled bƻǘǘŀǿŀǎŜǇǇƛ IǳǊƻƴ .ŀƴŘ ƻŦ ǘƘŜ tƻǘŀǿŀǘƻƳƛΩǎ tŀǊǘƛŎǳƭŀǘŜ 

Matter Monitoring Program in this chapter for an example of particulate matter emissions and the 

impacts to human health.) An NTAA white paper13 states: 

Studies have also been conducted specifically regarding asthma and AI/AN children. 

We know that AI/AN children have greater incidence of asthma (approximately 13% 

compared with 8.6% of children of non-AI/AN descent) [Brim et al., 2008]. Health 

                                                             
11 ¢ƘŜ bŀǘƛƻƴŀƭ ¢Ǌƛōŀƭ !ƛǊ !ǎǎƻŎƛŀǘƛƻƴΩǎ {ǘŀǘǳǎ ƻŦ ¢Ǌƛōŀƭ !ƛǊ wŜǇƻǊǘ https://www.ntaatribalair.org/status-of-tribal-air-
report/  
12 Indian General Assistance Program https://www.epa.gov/tribal/indian-environmental-general-assistance-
program-gap  
13 b¢!!Ωǎ ²Ƙite Paper Detailing the Science and Connections Between Air Pollution, Tribes, and Public Health 
https://secureservercdn.net/198.71.233.47/7vv.611.myftpupload.com/wp-content/uploads/2020/05/NTAAs-
2020-White-Paper-Detailing-the-Science-and-Connections-Between-Air-Pollution-Tribes-and-Public-Health.pdf  

https://www.epa.gov/tribal/indian-environmental-general-assistance-program-gap
https://secureservercdn.net/198.71.233.47/7vv.611.myftpupload.com/wp-content/uploads/2020/05/NTAAs-2020-White-Paper-Detailing-the-Science-and-Connections-Between-Air-Pollution-Tribes-and-Public-Health.pdf
https://www.ntaatribalair.org/status-of-tribal-air-report/
https://www.ntaatribalair.org/status-of-tribal-air-report/
https://www.epa.gov/tribal/indian-environmental-general-assistance-program-gap
https://www.epa.gov/tribal/indian-environmental-general-assistance-program-gap
https://secureservercdn.net/198.71.233.47/7vv.611.myftpupload.com/wp-content/uploads/2020/05/NTAAs-2020-White-Paper-Detailing-the-Science-and-Connections-Between-Air-Pollution-Tribes-and-Public-Health.pdf
https://secureservercdn.net/198.71.233.47/7vv.611.myftpupload.com/wp-content/uploads/2020/05/NTAAs-2020-White-Paper-Detailing-the-Science-and-Connections-Between-Air-Pollution-Tribes-and-Public-Health.pdf
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disparities such as poverty and inadequate access to respiratory care impact AI/AN 

children with asthma that live on reservations, and environmental challenges such as 

both indoor and outdoor air pollution compound the problem [Lowe et al., 2018]. More 

AI/AN people use biomass for heating and cooking than do non-AI/AN people (in fact, 

89% of families on the Navajo Nation reservation do), elevating the levels of both 

PM2.5 and PM10 in their homes, and contributing to the increased incidence of asthma 

severity and morbidity [Garcia et al., 2019]. 

While there are many contributing factors to these disproportionate health impacts, ensuring that 

activities such as those listed in the Nottawaseppi Huron Band of the PotawatomiΩǎ ƴŀǊǊŀǘƛǾŜ όŜΦƎΦΣ 

agricultural development leading to increased windblown dust, pesticides, and herbicides as well as oil 

and gas wells) are located a safe distance from Tribal lands and that Tribes have robust air quality 

monitoring programs could reduce the prevalence of air pollution related diseases. 

  

The COVID-мф ǇŀƴŘŜƳƛŎ Ƙŀǎ ŘƛǎǇǊƻǇƻǊǘƛƻƴŀǘŜƭȅ ƛƳǇŀŎǘŜŘ ¢Ǌƛōŀƭ ŎƻƳƳǳƴƛǘƛŜǎΦ άIƛǎǘƻǊƛŎŀƭ ǘǊŀǳƳŀ ŀƴŘ 

persisting racial inequity have contributed to disparities in health and socioeconomic factors between 

AI/AN and white populations that have adversely affected AI/AN communities; these factors likely 

contribute to the observed elevated incidence of COVID-мф ŀƳƻƴƎ ǘƘŜ !Lκ!b ǇƻǇǳƭŀǘƛƻƴέ όIŀǘŎƘŜǊ Ŝǘ 

al., 2020, as cited in Sequist, 2020). An increase in COVID-19 contagion and mortality has been 

correlated with both long- and short-term exposure to air pollution (Comunian et al., 2020; Wu et al., 

2020). Climate change is exacerbating and amplifying these existing vulnerabilities and other social 

determinants of health, which include economic and social conditionsτsuch as income, education 

levels, discrimination, and health care access and qualityτthat influence a wide range of health 

outcomes. Given the disparities in health outcomes for Tribal communities and the emerging 

connections between air quality and COVID-19 risks, more research, improved air quality, and a focus on 

addressing social, environmental, and health justice issues must be undertaken (Centers for Disease 

Control and Pollution, 2020; Raine et al., 2020).  

 

Wildland Fires and Air Quality Impacts  

Climate change is contributing to an increased risk in catastrophic wildfires due to rising temperatures, 

decreasing snowpacks, and extended droughts, in part by increasing the amount of dried vegetation 

available to provide fuel. As shown in Figure 3, the number of acres burned in wildfires has a clearly 

increasing trend per year since 1983, which plays an important role in the impacts to air quality. 

According to the EPA, wildfires were responsible for 40% of the total PM emitted (EPA, 2019) in the U.S. 

as of 2018. Very high PM2.5 concentrations have been shown to increase respiratory and cardiac 

illnesses, particularly in sensitive populations (Edwin & Mölders, 2018). Polycyclic aromatic 

hydrocarbons (PAHs) are naturally occurring chemicals in fossil fuels such as coal, oil, and gasoline and 

ŀǊŜ ŀƭǎƻ ǇǊƻŘǳŎŜŘ ǿƘŜƴ Ŧƻǎǎƛƭ ŦǳŜƭǎ ƻǊ ǿƻƻŘΣ ƎŀǊōŀƎŜΣ ƻǊ ǘƻōŀŎŎƻ ŀǊŜ ōǳǊƴŜŘΦ ά9ǾŜƴts such as wildfires 

greatly increase the amount of PAHs containing PM2.5 entering and transporting throughout the 

ŀǘƳƻǎǇƘŜǊŜέ όYǊŀƳŜǊ Ŝǘ ŀƭΦΣ нлнлΣ ŦǊƻƳ bŀǾŀǊǊƻ Ŝǘ ŀƭΦΣ нлмсΣ ƴǎύΦ 

 

This increase in PM2.5 and other air pollutantsτcaused by wildfires that are increasing in acreage and 

duration from climate changeτleads to an increase in indirect mortality. A recent study on the 
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consequences of a spike in PM2.5 exposure by just 1 microgram per cubic meter (µg/m3) for just one day 

ƭŜŘ ǘƻ άлΦсф ŀŘŘƛǘƛƻƴŀƭ ŘŜŀǘhs per million elderly individuals over the three-day window that spans the 

Řŀȅ ƻŦ ǘƘŜ ƛƴŎǊŜŀǎŜ ŀƴŘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘǿƻ Řŀȅǎέ ό5ŜǊȅǳƎƛƴŀ Ŝǘ ŀƭΦΣ нлмсύΦ  ²ƘƛƭŜ ǘƘƛǎ Řŀǘŀ ƛǎ ŦƻǊ ŜƭŘŜǊƭȅ 

people at large, as stated above, Tribal peoples experience increased deleterious health impacts for a 

wide variety of reasons. Concerningly, analysis suggests that in interior Alaska, levels of PM2.5 caused by 

wildfires in the month of July will increase by an average of at least 15ς20 µg/m3 by the year 2047 due to 

climate change (Woo et al., 2020).  

 

 
 

In 2020, like in many recent years, wildfires particularly impacted the western regions of the U.S. While 

air quality impacts from these wildfires have been detected as far away as the east coast of the U.S., 

those closer to the fires generally experience greater air quality impacts. Alaska and the western U.S. 

have very high numbers of Tribal communities (231 Tribes in Alaska and a combined total of 215 Tribes 

in the 11 western states of Arizona, California, Colorado, Idaho, Montana, Nevada, New Mexico, Oregon, 

Utah, Washington, and Wyoming; these 446 Tribes represent nearly 78% of the total number of 

federally recognized Tribes in the U.S.), many of whom have experienced direct impacts to their air 

quality from wildfires in recent years: 

 

 Among the 11 westŜǊƴ ǎǘŀǘŜǎΣ ŀƭƭ нмр ¢ǊƛōŜǎ ŜȄǇŜǊƛŜƴŎŜŘ ŜǇƛǎƻŘŜǎ ƻŦ άǘƘƛŎƪ ŘŜƴǎƛǘȅέ ǎƳƻƪŜ όнмς

32 µg/m3) between September 1, 2019, and September 30, 2020, affecting 149,608 square 

miles, or 95,749,120 acres, of Tribal land. For point of reference, this is nearly the size of the 

entire state of California, which is 105,000,000 acres. (J. Payne, personal communication, 

November 18, 2020.) 

 

Figure 3. Acres Burned in the U.S. 1983-2019. Data source: National Interagency Fire Center. 
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 The Hoopa Valley Tribe in California declared a state of emergency due to smoke impacts in 

September 2020 following the Red Salmon Complex Fire; then, during the first week of October, 

their air quality index (AQI) registered in the 400s to 500s with spikes up to 1,500 µg/m3 for 

PM2.5 for 10 days straight (for reference, an AQI of 250 µg/m3 or above is considered 

άƘŀȊŀǊŘƻǳǎέύΦ  ό.Φ aŎ/ŀǳƎƘŜȅΣ ǇŜǊǎƻƴŀƭ ŎƻƳƳǳƴƛŎŀǘƛƻƴΣ hŎǘƻōŜǊ мпΣ нлнлΦύ 

 The Yurok Tribe in California has had episodes of unhealthy air quality from smoke impacts for 

15 of the last 21 years, but the summer and fall of 2020 had the worst air quality impacts since 

2008. They measured AQIs in the 300s to 400s for several weeks in a row, and the first week of 

October remained in the 400s to 500s with spikes up to 600. (J. Hostler, personal 

communication, October 13, 2020.) 

 The Confederated Tribes of the Colville Reservation in Washington lost 78 homes and 60 other 

buildings in the Cold Springs Fire, plus 14 homes and other structures in the Inchelium Fire 

Complex. There were 13 days in September that the AQI was in the unhealthy, very unhealthy, 

or hazardous ranges due to the Cold Springs Fire. (K. Ray, personal communication, October 8, 

2020.) 

 

Cultural or Indigenous burning is a traditional practice that has been utilized by Indigenous peoples for 

millennia in order to enhance the health of the land and its people (Boutsalis, 2020; Marks-Block, 2020). 

Continuing the practice of cultural burning of the landscape is one way Tribes are not only exerting their 

sovereignty, but also leading the way in reducing the frequency, size, and intensity of wildfires and 

therefore lessening the risk of diminished air quality. Decreased precipitation and changing precipitation 

patterns have led, in many cases, to an excess of underbrush and nonnative species that need to be 

cleared in order to prevent eventual uncontrolled burning.  Regular cycles of burning that take place 

under favorable weather conditions and with careful supervision can prevent catastrophic burning 

under adverse circumstances.  

 

This reduction in risk, however, is just one benefit among many that exemplifies the interconnected 

relationship with the Earth that is integral to Tribal cultures. (See Chapter 4: Ecosystems & Biodiversity.)  

In addition to clearing undergrowth, dead leaves, tree limbs, and other debris, Tribes may engage in 

cultural burning to stimulate the growth of desirable, native vegetation and reduce the spread of 

invasive species and pests, which are becoming more prevalent due to warmer conditions resulting from 

climate change. For example, burning blueberry fields helps control pests such as mummy berry, flea 

beetles, and spanworm (Fater, 2020). Some seeds, such as those from certain pine species, cannot be 

released from their cones without fire (National Geographic, n.d.). Burning also returns nutrients to the 

soil and allows additional sunlight to penetrate forests, supporting new growth (Id.). Soils can be 

impacted by climate change through changes in temperature and moisture patterns and by erosion 

caused by frequent high-intensity precipitation events (Hamidov et al., 2018). Habitat improvements 

resulting from controlled burns also have been shown to positively impact fish and wildlife populations, 

and regenerated vegetation can provide food for moose and grouse (Woodford, 2003). Increased 

populations of small mammals provide food for raptors (Id.). Wildfire smoke appears to have a cooling 

effect on water temperatures by blocking solar radiation, benefitting cold-water species such as salmon 

(David et al., 2018). 
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While cultural burning activities have been practiced throughout time by some Tribes, others have been 

unable to do this due to restrictions imposed by local, state, or federal authorities. However, there is 

now additional momentum and legal authority for continuing these practices, along with scientific 

evidence to support the important role that fire plays on the land. Members of the Yurok, Karuk, and 

Hoopa Tribes in California have reached out to other Tribes, nonprofits, and land management agencies 

to form training and support networks for local burns (Buono, 2020). (See also Chapter 4: Ecosystems & 

Biodiversity.) 

 

Although it is not one of the more frequent observations, changes in wind strength and direction have 

been observed by Indigenous communities, particularly by people in the tropical Pacific and Arctic 

regions (Savo et al., 2016). Extreme wind events such as Santa Ana or Diablo winds are exacerbating 

wildfires by driving them or by leading to the failure of electrical infrastructure, which can ignite 

extreme fire events and contribute to drying conditions, thereby heightening drought impacts. These 

dry winds have been documented to drive fire and smoke across large landscapes, knock down power 

lines (causing mass blackouts), spark wildfires in backcountry settings, and heighten the danger of fire 

ignition. Urbanization, particularly in southern California, puts not only the endangered chaparral 

landscape at risk, but nearby communities as well. The 2020 August Complex Fire in northern California 

was the largest complex fire in the state since record-keeping began, according to data from CAL FIRE, 

while the Creek Fire in September 2020 was the largest single fire (ABC7 News, 2020). 

 

Tribes in the northwest U.S. experienced an anomalous wind shift (both direction and speed) that led to 

the expansion of the Labor Day fires of 2020 (J. Hostler, personal communication, October 13, 2020). 

This shift in wind dynamics has cascading effects on ecosystems, such as pollination, smoke dispersion, 

animal behavior, environmental cues for hunter navigation, tidal surges, sea ice conditions, and 

precipitation delivery. Indigenous communities living subsistence lifestyles not only tend to be more 

aware of these dynamics, but their lifestyles are also more dependent on understanding these shifts and 

changes in order to make adaptive responses. Additionally, changes in wind will have an impact on 

¢Ǌƛōŀƭ όƻǊ ŀƴȅƻƴŜΩǎύ Ǉƭŀƴǎ ŦƻǊ ǿƛƴŘ ŜƴŜǊƎȅ ŘŜǾŜƭƻǇƳŜƴǘΦ (See also Chapter 6: Economic Development: 

Renewables, Sustainable Economies, & Carbon Offsets for discussion of wind energy potential on Tribal 

lands.) 

 

Extreme Heat and Humidity 

With climate change comes increased heat in most locations. In the U.S., the past five years have been 

the hottest years on record, and the year 2019 completed the hottest decade on record (Climate 

Central, 2020). Many Tribal people work outdoors in settings where they are raising food or tending 

animals related to food production. This could include farming, raising sheep or cattle, gardening, 

fishing, or gathering food products. Rising temperatures and humidity can put these people at risk of 

heat stroke or other heat related health problems, particularly in southern areas of the country. 

 

In places like the Four Corners Region of the Southwest, trends indicate the largest increases in 

temperature are occurring in the winter minimum temperatures, summer minimum temperatures, and 

summer maximum temperatures (Meadow, 2018; Ute Mountain Ute Tribe, 2020). Extreme heat and 
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higher nighttime temperatures have big impacts on Tribal members. The Ute Mountain Ute Tribe (2020) 

interviewed elders about their observations on changing climatic conditions. These interviews indicated 

that extreme heat has negative impacts on their health (due to heat stress and lack of reliable access to 

air conditioning) and leads to higher electric bills in the summer (for those with access to air 

conditioning). In some cases, elders have decreased participation in traditional and cultural activities, 

due to extreme heat.  

 

Higher temperatures lead to increased ozone formation due to accelerated chemical reactions in the 

atmosphere. According to the EPA, high ozone levels can adversely impact sensitive grasses, forbs, 

shrubs, and trees, which are important to the cultural practices and lifeways of AI/AN people, who use 

those plants for economic benefit, personal subsistence, food sovereignty, medicines, and other 

traditional practices. More than 30 ozone-sensitive plants used by Tribes have been identified by the 

EPA (EPA, 2014).   

 

Extreme heat and drought both lead to more frequent and more intense wildfire events, which can emit 

thousands of tons of pollutants (Peterson et al., 2013). In addition to these increased levels of 

pollutants, higher air temperatures can lead to weather conditions that cause stagnation, trapping these 

pollutants in the lower atmosphere where people live and breathe. Drought events associated with high 

temperatures can keep the air dirty, as falling precipitation tends to cleanse the air of these pollutants. 

The combination of heat stress and increased drought can also lead to crop failure (Ute Mountain Ute 

Tribe, 2020).   

 

Rising CO2 levels contribute to increased growth and pollen levels in plants such as ragweed that cause 

human allergies and asthma attacks. Increased temperatures can lead to longer growing seasons, which 

extends the length of time that people are exposed to allergens. Further, allergens can interact with air 

pollutants in ways that amplify their individual impacts (National Wildlife Federation, 2010). 

 

Warmer winter minimum temperatures in the Midwest will allow for increased survival of pests or 

pathogens. For example, the nonnative emerald ash borer (EAB) has decimated ash populations 

throughout its range and has been expanding its range as winter temperatures are less frequently 

reaching levels that would keep EAB populations in check (Poland & McCullough, 2006). (See narrative 

titled /ƭƛƳŀǘŜ /ƘŀƴƎŜ ŀƴŘ LƴǾŀǎƛǾŜ {ǇŜŎƛŜǎ ƻƴ ǘƘŜ CƻƴŘ Řǳ [ŀŎ .ŀƴŘΩǎ [ŀƴŘǎ in Chapter 4: Ecosystems & 

Biodiversity.) The longer growing season will also give EAB and other invasive (nonlocal) beings time and 

habitat in which to expand their ranges. White-tailed deer will be able to expand their ranges and 

population, which can have major effects on plants browsed by deer or on other beings such as moose, 

which can be impacted by diseases spread by deer (Weiskopf et al., 2019). Decreased ice cover on lakes 

will affect the timing of spawning for walleye and other fish, as well as make northern lakes more 

vulnerable to invasive species, algal blooms, etc.  

 

Higher levels of relative humidity have been shown to lead to increased formation of secondary 

particulates, especially sulfate and nitrates. This can have a marked impact on visibility, particularly in 

the winter (Liu et al., 2018). High humidity can lead to formation of secondary particles of larger than 
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usual size, which can then trap pollutants near the ground along with excess water vapor, causing a self-

amplification mechanism (Tie et al., 2017). 

 

Many individuals, especially older people, experience health impacts during extreme heat events. Heat 

can place increased stress on individuals with cardiovascular disease, diabetes, obesity, or respiratory 

disease, leading to increased rates of heat illness or potentially death (Kenny et al., 2010). High levels of 

humidity can act in conjunction with higher temperatures in putting additional stress on human bodies 

ōȅ ƛƳǇŜŘƛƴƎ ǘƘŜ ōƻŘȅΩǎ ŀōƛƭƛǘȅ ǘƻ Ŏƻƻƭ ƛǘǎŜƭŦΦ IƛƎƘ ƘǳƳƛŘƛǘȅ Ŏŀƴ ŀƭǎƻ ōŜ ŘŀƴƎŜǊƻǳǎ ōŜŎŀǳǎŜ ōŀŎǘŜǊƛŀ ŀƴŘ 

viruses thrive in humid conditions. The lower socio-economic status of many Tribal Nations has led to a 

disproportionate number of Tribal people living in substandard housing that lacks proper insulation or 

cooling systems to allow for cooling spaces on the hottest and most humid days. It is unclear what 

impact humidity has on the coronavirus and its epidemiology, which is a topic in need of further study.  

 

Indoor Air Quality 

During wildfire and prescribed fire smoke events, the protocol to protect health is often to shelter in 

place. However, indoor environments can also expose people to high levels of smoke, particularly if they 

do not have air conditioning and rely on open windows to cool their indoor spaces, as many Tribal 

people in the West do. Additionally, commercial air filters can be cost-prohibitive. Many Tribes are 

actively addressing these dual concerns through Smoke Ready Communities and do-it-yourself indoor air 

filter box fans.14 The Air Quality Program (AQP) of the Confederated Tribes of the Colville Reservation 

has been a leader in developing Smoke Ready Communities15 information, providing webinars, printed 

information, and other forms of outreach and education, in addition to their air quality monitoring. 

/ƻƭǾƛƭƭŜΩǎ !vt ƛǎ ŦǳƴŘŜŘ ōȅ ŀƴ 9t! Ϡмлр /ƭŜŀƴ !ƛǊ !Ŏǘ ƎǊŀƴǘ ŀƴŘ ƛǎ ƎƻǾŜǊƴŜŘ ǳƴŘŜǊ 9t!Ωǎ C!wwΦ ¢Ƙƛǎ 

structure and financial support allow the Colville Tribe to invest deeply in building their AQP and 

protecting the health of their Tribal and community members. 

 

Increasing temperatures and rising humidity levels both contribute to increases in mold and fungi 

growth inside of homes and buildings. Mold can lead to health impacts such as coughing or wheezing, 

asthma attacks, nasal congestions, and shortness of breath (Centers for Disease Control and Prevention, 

2020). High indoor humidity can also lead to higher levels of airborne chemical contaminants due to off-

gassing from carpet or household wood products. This can lead to skin, eye, and throat irritation 

(Arundel, 1986). Indoor air pollution is an environmental justice issue, as exemplified by the flooding 

ŜǾŜƴǘ ƛƴ ǘƘŜ ǎǳƳƳŜǊ ƻŦ нлмн ƻƴ ǘƘŜ CƻƴŘ Řǳ [ŀŎ .ŀƴŘ ƻŦ [ŀƪŜ {ǳǇŜǊƛƻǊ /ƘƛǇǇŜǿŀΩǎ wŜǎŜǊǾŀǘƛƻƴΣ ǿƘƛŎƘ 

caused extensive mold damage to several homes. Workers removed wet carpeting from over 60 homes 

following this incident; inadequate response from state and federal agencies in the aftermath of this 

flood showed the Band that they must be self-sufficient in taking care of Band memberǎΩ ƴŜŜŘǎΣ ŀǎ ǘƘŜǎŜ 

other agencies were overwhelmed and unable to respond on the Reservation. 

 

                                                             
14 /ƻƭǾƛƭƭŜ ¢ǊƛōŜΩǎ 5L¸ .ƻȄ Cŀƴ CƛƭǘŜǊǎ https://www.cct-enr.com/box-fan-filter  
15 /ƻƭǾƛƭƭŜ ¢ǊƛōŜΩǎ {ƳƻƪŜ wŜŀŘȅ /ƻƳƳǳƴƛǘȅ wŜǎƻǳǊŎŜǎ https://www.cct-enr.com/smoke-ready-community  

https://www.cct-enr.com/smoke-ready-community
https://www.cct-enr.com/box-fan-filter
https://www.cct-enr.com/smoke-ready-community
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Many Tribes across the nation have taken steps to address indoor air quality, such as conducting radon 

testing and mitigation activities, educating Tribal members on mold prevention and removal, and 

exchanging old, poorly operating woodstoves with updated, cleaner versions. The organization Trees, 

Water & People16 works with rural communities to replace open-fire cooking methods with clean cook 

stoves, greatly improving indoor air quality and reducing the amount of firewood needed for cooking.  

 

Air Monitoring 

As of 2020, a total of 88 Tribes operate air monitors that are funded through EPA (NTAA, 2020), 

representing just 15% of the federally recognized Tribes in the country. Many of those air monitors are 

more than 10 years old and are reaching or have exceeded their lifespans. (See narrative titled Kootenai 

Tribe of Idaho Air Monitoring Equipment.) Without properly functƛƻƴƛƴƎ ŀƛǊ ƳƻƴƛǘƻǊǎΣ ¢ǊƛōŜǎΩ ŀōƛƭƛǘȅ ǘƻ 

ǇǊƻǘŜŎǘ ǘƘŜƛǊ ƳŜƳōŜǊǎΩ ƘŜŀƭǘƘ ŦǊƻƳ ǿƛƭŘŦƛǊŜ ǎƳƻƪŜ ƛƳǇŀŎǘǎ ŀƴŘ ƻǘƘŜǊ ŀƛǊ ǉǳŀƭƛǘȅ Ǉƻƭƭǳǘŀƴǘǎ ƛǎ ǘǊǳƴŎŀǘŜŘΦ 

Additional challenges experienced by some Tribes, particularly those located in remote areas of Alaska, 

include the difficulty of maintaining air quality monitoring networks when access to the area is limited to 

travel by boat or small aircraft. This adds to the costs and widens the data gaps (Edwin & Mölders, 

2018). Alaskan Tribes and Villages not only have a limited network of air quality monitors, but the PM2.5 

monitors that are in place measure the total mass of PM2.5 without differentiating between PM2.5 from 

wildfire smoke, road dust, vehicles, etc. (Woo et al., 2020). On top of wildfire smoke impacts, dust is also 

an increasing concern for many Tribal communities both within the Alaskan interior and in places such 

as the desert Southwest, where dust impacts are increasing due to drought conditions that are 

exacerbated by climate change. In the Southwest, fine and coarse dust are projected to increase 

significantly (57% and 38%, respectively) (Achakulwisut et al., 2019). These increases are predicted to 

lead to increases in climate-attributable cardiovascular diseases and mortality, asthma-related hospital 

visits, and other forms of dust-related morbidity and mortality, coupled with economic impacts. Most 

studies focus on the human dimensions of dust, smoke, and other particulates, and there is little 

research on climate-attributable effects on wildlife upon which Tribes depend. Without robust and 

accurate data, it is difficult for Tribes to begin to address these problems.   

 

In order to expand the network of air monitoring with low-cost monitors, some Tribal communitiesτ

including many in Alaskaτare turning to PurpleAir sensors (see narrative titled Nottawaseppi Huron 

.ŀƴŘ ƻŦ ǘƘŜ tƻǘŀǿŀǘƻƳƛΩǎ tŀǊǘƛŎǳƭŀǘŜ aŀǘǘŜǊ aƻƴƛǘƻǊƛƴƎ tǊƻƎǊŀƳ), which can be easily installed for 

about $200 anywhere that has electricity and a wi-fi connection (Ellis, 2019).  

 

Some Tribal environmental programs choose to monitor air quality and run air programs despite not 

having any dedicated funding, such as through CAA §103 or §105 grants. The Hoopa Valley Tribe, for 

example, does not have CAA §103 funding. Nonetheless, they operate two PM2.5 monitors and are 

partnering in a project called the ASPIRE17 (Advancing Science Partnerships for Indoor Reductions of 

Smoke Exposures) study to study the impacts of wildfire smoke on indoor air quality and mitigate 

                                                             
16 Trees, Water & People: https://treeswaterpeople.org/ 
17 ASPIRE https://www.epa.gov/air-research/wildfire-study-advance-science-partnerships-indoor-reductions-
smoke-exposures  

https://treeswaterpeople.org/
https://treeswaterpeople.org/
https://www.epa.gov/air-research/wildfire-study-advance-science-partnerships-indoor-reductions-smoke-exposures
https://www.epa.gov/air-research/wildfire-study-advance-science-partnerships-indoor-reductions-smoke-exposures
https://www.epa.gov/air-research/wildfire-study-advance-science-partnerships-indoor-reductions-smoke-exposures
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exposure to community members. Tribes in California also have excellent working relationships with the 

California Air Resources Board, which often provides support during wildfires. Although beneficial to 

both parties, cooperative projects like this are too few in number and should be widely expanded. 

 

Recommendations 

Tribal Engagement and Regulatory Authority 

Tribal sovereignty and the role of Tribes as regulatory authorities should be acknowledged by federal, 

state, and local entities to a greater extent. This would lead to increased Tribal involvement in key issues 

regarding climate change. Specifically, Tribes should be involved as co-regulators in the very first stages 

of regulatory planning and development and in the implementation and enforcement of regulations. 

Policy revisions should encompass environmental justice, equity, diversity, and inclusion, as well as 

access to data and training. 

 

Funding 

Adequate funding is needed for multiple reasons. It is required for staffing, monitoring, and emergency 

response to air quality issues related to climate change, especially the increasing frequency and extent 

of wildfires. Tribes also need to be able to keep experienced staff in place because of the value of 

institutional knowledge. Increased funding allows Tribes to effectively participate in multijurisdictional 

organizations, work collaboratively on key issues, and truly be a part of air quality policy and 

implementation. It also allows Tribes to replace outdated and failing monitors. 

 

Tribal Sovereignty; Systemic, Transboundary, and Justice Issues; and the Social Determinants of Health 

and Vulnerability 

The air quality issues associated with climate change highlight the need for regulatory agencies to 

respect Tribal sovereignty, as these are interrelated problems that are systemic and transboundary in 

nature and cannot be solved by any one party, but only through respectful interactions and 

relationships. Solutions that are effective, ethical, and compliant with treaty and other obligations must 

address underlying causes of environmental, social, and health inequalƛǘƛŜǎ ŀƴŘ ƛƴƧǳǎǘƛŎŜǎΦ !Lκ!bǎΩ 

actions alone are not sufficient. Many social determinants of health, vulnerability, and environmental 

justice issues arise outside of their lands and cannot be addressed without their full and effective 

participation and accommodation in all climate-related decisions that affect their rights, air quality, and 

health. 
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Chapter 4.2: Water 
Water-related impacts from climate change are of 

particular concern to Tribes. The first two narratives 

explain how two Alaskan partnerships, the 

Southeast Alaska Indigenous Transboundary 

Commission (SAITC) and the Southeast Alaska Tribal 

Ocean Research (SEATOR), each composed of 15 U.S. 

Alaskan Tribes, collectively work together to face 

climate change issues. The SAITC fights with 

upstream Canadian mining companies that pollute 

their waterways by leakage from mining storage 

facilities that are weakened by climate change. The 

SEATOR tests subsistence shellfish samples for PSP 

toxins, which could be lethal to Tribes. Due to the 

changing climate, the Tribes cannot rely on 

traditional knowledge and observations to 

determine if the shellfish are safe to eat. In the lower 

48 states, narratives from the Pyramid Lake Paiute 

Tribe of Nevada, Chickasaw Nation of Oklahoma, 

Fond du Lac Band of Lake Superior Chippewa, Crow 

Tribe of Montana, and the Eastern Shawnee Tribe of 

Oklahoma describe documented evidence of climate 

change. These Tribes have experienced severe water 

temperature changes, variance in precipitation 

frequency and amounts, and an increase in severe 

weather events. All these changes have had a direct 

ŜŦŦŜŎǘ ƻƴ ǘƘŜ ¢ǊƛōŜǎΩ ōŜƴŜŦƛŎƛŀƭ ǳǎŜǎ ŀƴŘ ǎǳōǎƛǎǘŜƴŎŜ 

lifestyles. A researched overview of Water as it 

relates to Tribes and climate change follows these 

narratives, beginning with the Key Messages and 

Recommendation that the authors have identified. 

 
The Southeast Alaska Indigenous 

Transboundary Commission 

Written by: Frederick Olsen Jr., Executive Director 

Formed in 2014 as the United Tribal Transboundary 

Mining Work Group, the Southeast Alaska 

Indigenous Transboundary Commission (SEITC) is a 

consortium of 15 federally recognized southeast 

Alaska Tribal governments created to protect Tribal 
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lands and waterways for future generations. Each SEITC representative on our Board of Directors is 

elected or appointed by their Tribal Council.  Tribes notify SEITC of representation by a Tribal Council  

resolution or letter from their Tribal President. 

 

Where we live, in southeast Alaska, we are within the largest stretch of temperate rainforest left on 

Earth. Climate changes have already occurred in our lifetimes: paralytic shellfish poisoning is common 

now and each year concern grows for shellfish consumption, yellow cedars are in decline due to less 

lasting snowfall in winter, and fish habitats are under siege.   

 

We seek to protect our customary and traditional ways 

of life and shared headwaters of our transboundary 

rivers. Our diverse, isolated communities depend on 

healthy rivers and watersheds for natural foods, 

medicines, and maintaining our cultural connections to 

ǘƘŜ ƭŀƴŘ ǘƘŀǘ ǿŜΩǾŜ ƭƛǾŜŘ ƻƴ ǎƛƴŎŜ ǘƛƳŜ ƛƳƳŜƳƻǊƛŀƭΦ ²Ŝ 

have concerns regarding our shared transboundary 

watersheds facing threats from major industrial mining 

projects in British Columbia, Canada. 

 

As polluted waters travel downstream, they destroy 

delicate ecosystems and devastate wildlife populations, 

such as those of wild salmon. While mining activities 

generate business in BC, the social and environmental cost is borne downstream by Indigenous 

communities who currently lack a say in how their region is managed. 

The Stikine, Taku, and Unuk Rivers flow from British Columbia, Canada, 

into Alaska. 

Tulsequah Chief Mine site, Taku River watershed, 

British Columbia (Credit: Colin Arisman, The 

Narwahl). 
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A major way that climate change enters the transboundary equation is the so-called tailings storage 

facility of many industrial mining projects, aka a Lake of Poison left behind after operations cease. These 

lakes of poison need to be monitored for at least 200 years each. The proposed Kerr Sulphurets Mitchell 

(KSM) MƛƴŜ ǿƻǳƭŘ ƘŀǾŜ ǘǿƻ ǎǳŎƘ ŘŀƳǎΣ ŜŀŎƘ ǘŀƭƭŜǊ ǘƘŀƴ {ŜŀǘǘƭŜΩǎ {ǇŀŎŜ bŜŜŘƭŜΦ 

 

 

As you read this, the abandoned Tulsequah Chief Mine continues to pollute the Taku River watershed 

since operations stopped in the 1950s. The BC government recently announced a new plan for the site 

and pledged nearly two million dollars but has not yet acted to clean this up. If they will not clean up a 

minor blemish like Tulsequah Chief, what will happen when a mega-ƳƛƴŜΩǎ ƭŀƪŜ ƻŦ Ǉƻƛǎƻƴ όǘŀƛƭƛƴƎ 

storage facility) breaks loose into our shared watersheds?  And taxpayers will pay. 

 

For most people, we live in the middle of nowhere. We are all involved in our Native communities, and 

these values are part of our everyday lives. Sharing the customary and traditional values with non-

Natives is essential for harmony between cultures. We continue to share life experiences on 

transboundary and BC rivers as a way to raise awareness. hǳǊ ƻƴƭƛƴŜ Ǿƛǎǳŀƭ ǇǊƻŘǳŎǘƛƻƴΣ άWhen the 

Salmon SpokeΣέ18 ƘŜƭǇŜŘ ǘƻ Ǉǳǘ ŀ άŦŀŎŜέ ǘƻ ǘƘŜ ǊƛǾŜǊǎ ŀƴŘ ǘƘŜ ǇŜƻǇƭŜ ǿƘƻ ƭƛǾŜ ǘƘŜǊŜΦ   

 

SEITC has been nurturing relationships with First Nations for several years. In order to create unity and 

dialogue between Alaska Tribes and First Nations sharing transboundary watersheds, SEITC has held two 

LƴŘƛƎŜƴƻǳǎ ƭŜŀŘŜǊǎΩ ǎǳƳƳƛǘǎΦ ²Ŝ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ǇƭŀƴƴƛƴƎ ƻǳǊ ǘƘƛǊŘ ǎǳƳƳƛǘΦ 

 

                                                             
18 When the Salmon Spoke: https://vimeo.com/424432430  

Huge dams proposed for passive water treatment at KSM project in BC. 

https://vimeo.com/424432430
https://vimeo.com/424432430
https://vimeo.com/424432430
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The upcoming summit will be centered around the deterioration of the salmon stocks in the 

region. Attendees will be asked to research possible solutions prior to the meeting. Indigenous people 

have an obligation to take care of the land and water. SEITC and our First Nations partners are 

committed to working together to amplify clean water issues. Outreach to youth is a component of this 

objective. At the last summit, an Alaskan emerging youth leader attended as well as a BC university 

student. Plans are underway to have more youth involved with the next summit. 

 
Southeast Alaska Tribes Face Climate Change with Partnership  

Written by: SEATOR/Sitka of Alaska 

Southeast Alaska is a place like no other. Coastal brown bears stalk the shores, old growth forests grow 

tall, and salmon serve as the lifeblood of the region. It is home to the Tlingit, Haida, and Tsimshian 

people, who have served as the environmental stewards of these lands since time immemorial. Their 

stewardship continues to this day. However, this stewardship has been forced to adapt because of 

climate change. The timing, abundance, and safety of subsistence foods has undergone significant 

changes. This is especially true for the subsistence resource shellfish. Shellfish is found in abundance 

throughout southeast Alaska. Typically, shellfish provide a healthy food source that is easily accessible to 

southeast Alaskans. However, in a changing climate, this once easily obtained food source can be 

deadly.  

 

Shellfish are filter feeders. They filter seawater that is 

brimming with their food of choice: plankton. Once the 

waters warm and the sun returns in spring and summer, 

plankton grow wild, turning clear waters to a rainbow of 

colors. Some of these plankton are known as harmful algal 

bloom (HAB) species. If these HABs become abundant, the 

shellfish that consume them become toxic themselves, 

posing a risk to human and animal health.  

The occurrence of HABs in southeast Alaska is not new or 

different. The Indigenous people of this area knew that 

during summer months shellfish were unsafe to eat. Many 

adages exist that describe the transition in shellfish consǳƳǇǘƛƻƴ Ǌƛǎƪ ǎǳŎƘ ŀǎΣ ά5ƻƴΩǘ ƘŀǊǾŜǎǘ ǎƘŜƭƭŦƛǎƘ 

ƻƴŎŜ ǘƘŜ ƘŜǊǊƛƴƎ ǊŜǘǳǊƴΣέ άhƴƭȅ ƘŀǊǾŜǎǘ ǎƘŜƭƭŦƛǎƘ ƛƴ ƳƻƴǘƘǎ ǿƛǘƘ ŀƴ wΣέ ŀƴŘ άhƴƭȅ ƘŀǊǾŜǎǘ ǎƘŜƭƭŦƛǎƘ ǿƘŜƴ 

ǘƘŜǊŜ ƛǎ ǎƴƻǿ ƻƴ ǘƘŜ ƳƻǳƴǘŀƛƴǎΦέ ¢ƘŜǎŜ ŀŘŀƎŜǎΣ ōŀǎŜŘ ƻƴ ƳƛƭƭŜƴƴƛŀ ƻŦ ƭŀƴŘ ŀƴŘ ƻŎŜŀƴ ƻōǎŜǊǾƛƴƎΣ ŀǊŜ ƴƻ 

longer true in a changing climate. In fact, the state of Alaska suggests that people do not harvest wild 

shellfish and instead purchase it. For people who rely on subsistence, this is not a viable solution. 

 

To ensure the access of subsistence shellfish in southeast Alaska, 15 Tribes in the region are working 

together to better understand when, where, and what species of shellfish can be gathered with less risk 

of exposure to HAB toxins. This network is called Southeast Alaska Tribal Ocean Research (SEATOR). 

SEATOR partners are located as far north as Yakutat and as far south as Metlakatla, spread out by nearly 

Shellfish harvested for subsistence toxin testing. 
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500 miles of land and 18,000 miles of coastline. Partners sample plankton and shellfish in their local 

communities to understand the risks associated with eating shellfish in their community.  

 

SEATOR partners scan surface seawater using a microscope looking for HAB species such as Alexandrium 

and dinophysis. Alexandrium is the most likely HAB species to be in Alaskan waters, and it can be very 

dangerous. When toxins from Alexandrium spp. accumulate in shellfish and people then consume those 

shellfish, people can get sick with paralytic shellfish poisoning (PSP). PSP can cause tingling lips and 

fingertips, difficulty breathing, and, in the worst cases, even death. If someone contracts PSP, they need 

to be treated in a hospital immediately. However, most communities in southeast Alaska are remote 

and rural, often hours away from medical facilities. 

 

In addition to looking for the presence of the HAB species in 

their surface seawater, SEATOR partners also send shellfish 

samples to the Sitka Tribe of Alaska Environmental Research Lab 

(STA-ERL) to be tested for toxins. STA-ERL has been in operation 

since 2016 and has tested over 2,000 subsistence shellfish 

samples for PSP toxins. The shellfish toxin data from SEATOR 

partner beaches is astonishing and one of a kind. Before the 

SEATOR data set, no data set of this magnitude ever existed in 

southeast Alaska. Unfortunately, what it reveals can be scary.  

Indigenous people from the region knew not to harvest shellfish 

in the summer months. The SEATOR data set supports this idea 

fully. Starting in April, shellfish in many communities exceed the 

regulatory limit for PSP toxins. However, due to changing 

climate conditions, some species of shellfish are exceeding the 

regulatory limit during all months of the year. This means that 

there is no longer a time of year when you can assume your shellfish will be safe to eat. During the 

summer months, southeast Alaska is seeing large and pervasive HABs. The shellfish accumulate the 

ǘƻȄƛƴǎ ŦǊƻƳ ǘƘŜǎŜ I!.ǎ ŀƴŘ ǘƘŜƴ ŘƻƴΩǘ ŘŜǇǳǊŀǘŜ ǘƘŜ ǘƻȄƛƴǎΦ Lƴ ŦŀŎǘΣ тс҈ ƻŦ ŀƭƭ ōǳǘǘŜǊ ŎƭŀƳ species tested 

are above the regulatory limit.  

 

The largest of these HAB and shellfish toxin events was tracked by SEATOR in the summer of 2019. Two 

hundred sixteen shellfish samples were above the regulatory limit that year, and only two communities 

did not have any species exceed the regulatory limit. The highest sample analyzed was a blue mussel 

with over 4000 ˃g of toxin per 100 g of tissue. This is more than 50 times above the regulatory limit.  

 

Collecting plankton and testing shellfish are not enough. The SEATOR network also needs to make sure 

this information is communicated to over 50,000 people living in southeast Alaska. SEATOR has an email 

list, a website, and a Facebook page they use to distribute data. However, the real power of the network 

is the environmental coordinators that live in each community. They share the message far and wide 

with their communities in a way that fits locally. That may be an announcement on the local radio 

Alexandrium observed in a phytoplankton 

tow sample in southeast Alaskan waters. 
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station, a flyer up at the post office, or a sign on the local Clam Hub that is located at the entrance of the 

beach.  

 

The climate is changing. Subsistence resource availability is unknown. However, the SEATOR network is 

making huge strides to understand, adapt, and protect the people who call southeast Alaska home. In 

the coming years, SEATOR partner communities will continue to fight climate change with innovation 

and partnership.  

 

 

 

 

 

SEATOR blue mussel paralytic shellfish toxin data between 2016 and 2020. All 

samples above the red line exceed the regulatory limit.  

 

SEATOR partners at the 2019 annual SEATOR Workshop 
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SEATOR Partners: 

Craig Tribal Association 

Chilkoot Indian Association 

Hoonah Indian Association 

Hydaburg Cooperative Association 

Central Council Tlingit and Haida Indian Tribes of Alaska 

Organized Village of Kasaan  

Organized Village of Kake 

Klawock Cooperative Association 

Ketchikan Indian Association 

Metlakatla Indian Community 

Petersburg Indian Association 

Sitka Tribe of Alaska 

Skagway Traditional Council 

Wrangell Cooperative Association 

Yakutat Tlingit Tribe 

 
Climate Change Impacts on Water Quality and Aquatic Life, Pyramid Lake, NV  

Written by: Daniel Mosley, Fisheries Director ς Pyramid Lake Paiute Tribe, NV 

Pyramid Lake and over 30 miles of the lower Truckee River lie entirely within the reservation boundaries 

of the Pyramid Lake Paiute Tribe located in northern Nevada. Pyramid Lake is a terminal lake for the 

Truckee River Watershed. Several long-term effects have been observŜŘ ŘǳŜ ǘƻ ǘƘŜ ǊŜƎƛƻƴΩǎ ŎƘŀƴƎƛƴƎ 

climate over the last 120-plus years. 

 

Pyramid Lake loses approximately 4 feet of lake elevation annually due to evaporation, which means 

424,000 acre feet (AF) of water is needed from the Truckee River flows to maintain lake level. As the 

population increased in western Nevada from 1900 to 1967, Pyramid Lake dropped approximately 80 

feet in elevation and lost 10.7 million AF of water due to Truckee River diversions and out of basin 

diversions to the Newlands Project (Figure A). 

 

During the extended drought of the 1930s, Winnemucca Lake dried up, and the original strain of 

Lahontan Cutthroat trout (Oncorhynchus clarkii henshawi) saw their last spawning run in 1938. As total 

dissolved solids (TDS) levels increased (Figure 2), species abundance and diversity decreased. Pyramid 

Lake lost two native cyprinids, the speckled dace (Rhinichthys osculus), and the Lahontan redside shiner 

(Richardsonius egregious). Both were important to the diet of the piscivorous Lahontan cutthroat trout. 

Since 1866, Pyramid Lake TDS has increased from 1,500 to 5,900 mg/L. Many snail shells can still be 

observed along the beach shores of the lake, the result of lowering lake levels and rising TDS in a lake 

that has had no outlet since the early 1900s. 

 

Pyramid Lake received a total of only 700,000 AF of water from the Truckee River from 1987 to 1994, 

which resulted in a 24-foot drop in lake elevation (Figure B). During this period, Tribal water quality staff 
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observed an anoxic layer of low dissolved oxygen at the bottom of the lake, which extended from 5 

meters to 30 meters from the bottom. This anoxic layer prevented the lake from completely turning 

over during winter during the later years of this drought period. Pyramid Lake elevation rose 25 feet 

during a five-year period (1995 to 2000) and then dropped 26 feet during an extended 16-year drought 

through 2016. 

 

 

Pyramid Lake TDS increased from 1986 to 1994 and from 2000 to 2016 (Figure B). During these periods 

of drought, lake levels dropped 24 feet. In the early 1990s, Pyramid Lake Fisheries observed that 

spawning Lahontan cutthroat trout were getting smaller in size, to the point the Tribe implemented a 

Figure A. Pyramid Lake historical water surface elevations (USGS data). 

Figure B. Pyramid Lake TDS. 
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slot limit of 19 to 24 inches to protect bigger spawning fish. A limit of only one fish per day that was over 

24 inches was implemented to protect the trophy-size fish populations. Increasing TDS levels have also 

affected the size and abundance of Tui Chub (Gila bicolor), the primary food source for the bigger 

Lahontan cutthroat trout. 

 

Since 1987, the mean average temperature of Pyramid Lake and the Truckee River has increased over 

2°C. This has led to higher water temperatures, increased levels of nitrogen, and increased occurrences 

of cyanobacteria blooms in Pyramid Lake. Testing results from five Pyramid Lake samples collected on 

7/10/2020 and 7/14/2020 resulted in nodularin toxin concentrations from 2,000 µg/L to 10,000 µg/L, 

which were some of the highest toxin concentrations the contract lab had ever seen. Nodularia 

spumigena is a heptatoxin that can damage the liver. 

 

Data obtained from the Western Regional Climate 

Center (WRCC 2020a) depicts a general warming trend 

for the Truckee River basin (Truckee Hydrologic Unit 

Code [HUC] 16050102) dating back to the early 1900s 

(Figure C). This warming trend has sharply increased 

since about 1980, continuing through the baseline 

period for this consultation. Since 2000, Tribal water 

quality staff have observed increased abundance of 

periphyton (filamentous algae) and tolerant benthic 

macroinvertebrates (planaria, snails, dipterans, etc.) 

during Truckee River sampling events. 

Nodularia spumigena. 
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In conclusion, the Pyramid Lake Paiute Tribe has 

observed and documented evidence of climate 

change affecting water quality, increasing 

frequencies of algal blooms, and decreasing the 

abundance and diversity of aquatic life sensitive to 

warming water temperatures and rising TDS levels. 

¢Ƙƛǎ Ƙŀǎ ŀ ŘƛǊŜŎǘ ŜŦŦŜŎǘ ƻƴ ǘƘŜ ¢ǊƛōŜΩǎ ōŜƴŜŦƛŎƛŀƭ 

uses and the subsistence lifestyle of Tribal 

members living on the Pyramid Lake Paiute Indian 

reservation in northern Nevada. 

 
Harmful Algal Blooms Targeted by Grassroots Watershed Organizations  

Written by: Chaylum Hogue, Watershed Fire Planner RTRL ς Chickasaw Nation 

Background on Chickasaw Nation Watersheds 

The Blue River and the Lake of the Arbuckles are both vitally important to the south-central region of 

Oklahoma for ecological and economic purposes. These waters provide drinking water supplies to local 

communities and habitat to many native aquatic species. 

 

Figure C. Mean temperature by water year (ending in September) for the Truckee HUC, 1900ς2019. Data source: 

Western Regional Climate Center (WRCC 2020a). 
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The Lake of the Arbuckles has a total capacity of 108,839 acre feet with a surface area of 2,350 acres. 

The Arbuckle Master Conservancy District operates and maintains the Arbuckle Lake Dam and water 

supply infrastructure. The Lake supplies water for the cities of Ardmore, Sulphur, Davis, and 

Wynnewood, as well as the refinery that is located near Wynnewood. Arbuckle Lake provides water 

supplies for many residents and agricultural practices and is an ideal fishing location for crappie, catfish, 

bluegill, white bass, and largemouth bass. The Lake is also important for tourism and allows for fishing, 

scuba diving, camping, and hiking at the nearby Chickasaw National Recreation Area (CNRA). The Lake, 

part of a greater watershed, receives water from the Buckhorn, Guy Sandy, and Rock creeks, which are 

all sub-watersheds. The Lake also receives groundwater in the form of spring flow from the Arbuckle-

Simpson aquifer.  

 

The Blue River is a system beginning near Roff, OK, with a southeast flow to near Durant, OK, ultimately 

becoming a tributary of the Red River at the southern border of Oklahoma. The River spans a length of 

141 miles and is one of the last free-flowing streams in Oklahoma. The river contains a number of 

aquatic species (such as crappie, catfish, smallmouth, spotted, and largemouth bass) that draw anglers 

as a means of recreation. The River also contains other aquatic species, including subspecies of orange 

belly darter (orange throat darter and least darter), ringed craȅŦƛǎƘΣ ŀƴŘ ǊŀōōƛǘΩǎ Ŧƻƻǘ ƳǳǎǎŜƭΣ ŀƳƻƴƎ 

others. The Blue River is an important water supply to the city of Durant on the lower end of the reach 

and is home to the headquarters of the Choctaw Nation of Oklahoma and Southeastern Oklahoma State 

University. There are landowners and producers along the stretches of the Blue River who also use it for 

personal water supply and for agricultural purposes, as well as mining companies that utilize the waters. 

 

Algal Bloom Impacts on Chickasaw Nation Watersheds  

Within these above-mentioned bodies of water, as may be found in many others under certain 

conditions around the country, is the occurrence of harmful algal blooms (HABs). The National Park 

Service staff for the CNRA have previously confirmed the presence of HABs. Testing conducted by the 

Oklahoma Department of Environmental Quality (ODEQ) had shown positive results for blue-green algae 

(BGA) blooms in the more remote areas of the Lake of the Arbuckles. The Lake has been listed on the 

U.S. Environmental Protection !ƎŜƴŎȅΩǎ ό9t!ύ олоόŘύ ƭƛǎǘ ŦƻǊ ƛƳǇŀƛǊŜŘ ǿŀǘŜǊǎ ŘǳŜ ǘƻ ŘƛǎǎƻƭǾŜŘ ƻȄȅƎŜƴ 

issues. These BGA are naturally present microscopic organisms found in these waters. The BGA are 

photosynthetic organisms that need sunlight to survive and are typically found in the warm, shallow 

waters that are undisturbed and receive more sunlight. 
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The HABs can occur due to a number of factors, which results in rapid growth or blooming of these 

organisms. Potential causes of increase in these blooms are increases in nutrients (phosphorus and 

nitrates) stemming from fertilizer runoff from agriculture or residencies, sewage discharge, or urban and 

industrial facilities; low water flows possibly due to drought; increases in water temperature; or changes 

in the water chemistry, such as pH or turbidity. In the case of increasing HABs, there is the potential for 

detrimental effects to aquatic life, requiring prevention of consumption of water as well as prevention 

of recreation in affected areas. Increased numbers and surface area coverage of HABs can lead to 

blocked sunlight into the water column. As the algae continues to consume available oxygen, the 

resulting effects may include fish die-offs. In the event of high enough concentrations, there is the 

possibility that cities may issue warnings to discourage drinking water from the taps, as the water 

treatment plants may not be able to remove the toxins. 

 

Watershed Groups Target Impairments with Support of the Chickasaw Nation  

TƘŜ [ŀƪŜ ƻŦ ǘƘŜ !ǊōǳŎƪƭŜǎ ƘŀŘ ōŜŜƴ ƭƛǎǘŜŘ ƻƴ ǘƘŜ 9t!Ωǎ 303(d) list for impaired waters. The Chickasaw 

Nation helped bring together a group of local landowners and producers in order to address issues in 

the Lake and to implement a series of best management practices on private lands. This resulting group 

has come to be known as the Lake of the Arbuckles Watershed Association (LAWA). LAWA and the 

Chickasaw Nation have partnered together to begin best management practices (BMP) within the 

watershed. The BMPs include:  

ǒ removing eastern red cedar to allow for reduced uptake of water supplies to this species 

ǒ opening grazeable acres 

ǒ allowing return of native grasses 

ǒ increasing habitat for ground-nesting birds 

ǒ monitoring soil health on their respective properties to evaluate and manage soil health over 

time 

ǒ altering grazing practices 

ǒ altering application of fertilizers in order to reduce runoff into the waterways leading to the lake 

 

Algal bloom presence in Lake of the Arbuckles. Photo credit: National Park Service at Chickasaw National Recreation. Area) 
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The Blue River also has a watershed group that was created from local landowners and producers who 

were concerned about the diminishing quality of the Blue River. This resulted in the creation of the Blue 

River Foundation of Oklahoma (BRFO). The BRFO is also partnering with the Chickasaw Nation on many 

of the same best management practices that LAWA has implemented. Blue River has not seen the HABs 

issue as Lake of the Arbuckles has, but both groups are working to implement practices for the 

conservation and overall health of their respective watersheds for current and future generations. 

 
Water Temperature Impacts in the Great Lakes Region 

Written by: Kari Jacobson Hedin from the Fond du Lac Band of Lake Superior Chippewa 

Tribal communities in the Great Lakes Region have hunting, fishing, and gathering rights that are all 

linked to good water quality, which includes water temperatures that allow cold-water fish populations 

to thrive. The Fond du Lac Band of Lake Superior Chippewa has treaty rights in parts of Minnesota, 

Wisconsin, and Michigan, and they partnered with the 1854 Treaty Authority to write a Climate Change 

Vulnerability and Assessment Plan. The plan states that cold-water fish species, such as walleye and 

trout, will likely experience population reductions as water temperatures warm due to warming air 

temperatures, and Band members may be impacted by not being able to harvest subsistence levels of 

cold-water fish species. This is already playing out in the restrictions being put in place on fishing 

activities on Mille Lacs Lake. On a broad scale, researchers are observing large, frequent, and persistent 

algae blooms along the south shore of Lake Superior, which is alarming given that this is a deep, cold, 

oligotrophic lake. Larger, more frequent severe storms are causing the near-shore environment to 

become warmer and more nutrient-rich, leading to an unprecedented increase in summer algae blooms. 

The region encompassing the Fond du Lac Reservation experienced a drought coupled with warm 

summer temperatures in 2020, which reduced streams to baseflow levels at midsummer for the first 

time in many years. Resource Management staff conducted their midsummer backpack electroshocking 

surveys for fish and recorded water temperatures in brook trout streams that were above the chronic 

lethal limit for brook trout. In keeping with the temperature observations, Resource Management staff 

caught very few brook trout in these streams, and they noticed changes in fish assemblages, including 

their first-ever recordings of nonnative brown trout. 

 
  

 

Brook trout, which is vulnerable to climate 

change on the Fond du Lac Reservation. Brook 

trout are under threat of being extirpated, as 

the Reservation contains mainly cool-water 

streams rather than cold-water streams, so 

they ŘƻƴΩǘ ƘŀǾŜ ƳŀƧƻǊ ƎǊƻǳƴŘǿŀǘŜǊ ƛƴǇǳǘǎ ǘƻ 

maintain cold-water temperatures. 
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9ƭŘŜǊǎΩ wŜŦƭŜŎǘƛƻƴǎ ƻƴ /ƭƛƳŀǘŜ /ƘŀƴƎŜ LƳǇŀŎǘǎΣ /Ǌƻǿ wŜǎŜǊǾŀǘƛƻƴΣ {ƻǳǘƘ /ŜƴǘǊŀƭ aƻƴǘŀƴŀ  

Written by: John Doyle and Margaret J Eggers ς Crow Environmental Health Steering Committee 

The Crow Reservation is located in the heart of our traditional homelands; we have been here for 

centuries. Our Tribe currently has about 14,000 members; some 8,000 of us live on our Reservation, 

with many other members living nearby on historic Crow lands. Concerned about the impacts of climate 

change on our water resources and subsequent threats to community health, we interviewed 30-plus 

Tribal Elders throughout the Reservation about changes they have experienced in their lifetimes. 

 

There are many ways that climate change is 

impacting Crow water resources and health, both 

directly and indirectly. Over the past 70ς80 years, we 

have seen a steady decline in winter snowpack, 

increasingly milder winters, and hotter summers. The 

prairies used to be white all winter long, and we 

could ice skate throughout the winterτit never went 

above freezing. Spring break up of ice on the rivers 

was a major event, recognized in ceremonies. There 

would be colliding ice chunks the size of car hoods 

and a foot thick. Now the prairies are brown for most 

of the winter, and we have mid-winter thaws; the river ice is thin and melts quietly away. Severe spring 

floods and wildfires are becoming more common. The existing data from weather stations confirm our 

historical knowledge; these data show that the snowpack in our river valleys has been declining for 

more than 100 years and is now less than half what it once was. 

 

Manoomin (wild rice), which is also vulnerable 

to climate change on the Fond du Lac 

Reservation. Manoomin thrived in 2020 after a 

localized drought, after experiencing nearly a 

decade of above-normal high-water 

conditions. 

 

Little Bighorn River, during Crow Fair. Photo by Kristen 

Galbraith. 
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The Little Bighorn River is the source water for the public 

water treatment plant in Crow Agency, the largest 

community on the Reservation and the Tribal 

headquarters. With less winter snowpack in the 

mountains, and hotter summers, the summer flow in the 

River is lower and warmer than ever, often no more than 

ankle deep. The intake pipe for the treatment plant can be 

half out of the water, and we foresee future summers in 

which the river dries up by the time it reaches Crow 

Agency. Part of the problem is that the irrigators are 

diverting more water than ever out of the river. The water 

ǳǎŜǊǎΩ ŀǎǎƻŎƛŀǘƛƻƴǎΣ ǿƘƛŎƘ ŎƻƴǘǊƻƭ ǘƘŜ ƛǊǊƛƎŀǘƛƻƴ ǎȅǎǘŜƳǎ ƻƴ 

the Reservation, are run by and for the benefit of the non-

Indian farmers and ranchers, with no enforcement of Tribal water rights by the Crow Tribe. So, the 

impacts of climate change on our water resources are made worse by lack of effective sovereignty.   

 

If we look back in time, it helps us understand the situation we are in now. Tribes have never been given 

the authority to tax, so we have no tax basis to fund our government. Instead, we have been selling our 

land, water, and coal to support Tribal operations. Many years ago, we were manipulated into selling 

the rights to the Bighorn River for power generation, with an illegitimate threat of eminent domain. 

Some 45 years ago, after lengthy debate, the Tribe entered into a contract for coal mining. Mining has 

since been providing the jobs and tax revenue to support our Tribal economy. Now, as other cleaner 

energy sources are becoming cheaper than coal to 

generate electricity, our income from coal mining 

has collapsed. In a local Tribal community of 7,000ς

8,000 people, we have lost more than 1,000 jobs. 

Our Tribal government no longer has the revenue to 

function as it once did. For instance, the Tribe no 

longer contracts for solid waste disposal. Instead, 

the dumpsters in our communities are burned 

almost daily, and we breathe that acrid smoke for 

hours. Coal mining and climate change have become 

divisive issues, so there is no consensus from which 

to plan for adaptation to current and looming 

climate impacts.   

 

Tribal community nonprofits, the Tribal College, and other grassroots organizations are addressing some 

ƻŦ ƻǳǊ ŎƻƳƳǳƴƛǘƛŜǎΩ ƴŜŜŘǎΦ ¢ƘŜ /Ǌƻǿ 9ƴǾƛǊƻƴƳŜƴǘŀƭ IŜŀƭǘƘ {ǘŜŜǊƛƴƎ /ƻƳƳƛǘǘŜŜ Ƙŀǎ ōŜŜƴ ǿƻǊƪƛƴƎ ǘƻ 

understand the nature and sources of water contamination, the associated health risks, and how our 

changing climate is impacting Tribal water resources. We have been able to provide free home well-

water testing to rural families and home water coolers with refillable five-gallon jugs for those lacking 

safe well water to drink. Currently we are working on other mitigation strategies to help water-insecure 

Little Big Horn College students electrofishing 

to test fish for mercury contamination. 

Photographer unknown. 

 

Emery Three Irons collecting home well-water sample for 

analysis, Crow Water Quality Project. Photo by John 

Doyle. 
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families and to build community capacity to manage home plumbing and community water supplies. 

Other grassroots organizations work on educating our youth about Crow traditions around water and 

Western water science, on management of chronic illnesses, and on mitigating widespread food 

insecurity greatly exacerbated by the COVID-19 pandemic and accompanying further loss of jobs. 

 

 
9ŀǎǘŜǊƴ {ƘŀǿƴŜŜ ¢ǊƛōŜ ƻŦ hƪƭŀƘƻƳŀΩǎ /ƭƛƳŀǘŜ /ƘŀƴƎŜ ŀƴŘ ²ŀǘŜǊ vǳŀƭƛǘȅ /ƘŀƭƭŜƴƎŜǎ 

Written by: Debbie Dotson, Water Quality Officer 

The Eastern Shawnee were part of an original Shawnee Tribe settled mainly in the Ohio River Valley but 

were relocated to Oklahoma in the early 1830s. By the 1870s, Tribal membership had declined to 69 

Eastern Shawnee individuals, but current membership is approximately 3,600 and growing. 

 

The Eastern Shawnee Tribe of Oklahoma is in the far northeast corner of Oklahoma, where 22 square 

miles of treaty jurisdiction borders Missouri to the east and Spring River to the west. Spring River and 

Lost Creek are the largest water bodies within Tribal boundaries, and both originate in Missouri and flow 

into Grand Lake in Oklahoma.   

 

The Eastern Shawnee have faced several adversities through the years but have striven to become 

resilient, including resiliency in facing the climate changes that touch northeast Oklahoma. The Tribe is 

John Doyle, Emery Three Irons, and Mari Eggers collecting spring water sample for 

analysis from Chief Plenty Coups State Park, Crow Water Quality Project. Photo by 

Antonie Dvorakova. 
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seeking means to be more proactive in preserving 

future water quality and quantity, as well as protecting 

the health of the people, fish, and wildlife. 

 

Climate changes affecting water quality in the region 

include temperature changes, variance in precipitation 

frequency and amounts, and an increase in severe 

weather events. In the past 10 years, a severe drought, 

record flooding, and several tornado events greatly 

affected the area and every facet of life.   

 

Parameters such as pH, salinity, water temperature, 

dissolved oxygen, nutrient levels, and bacteria counts are vulnerable to weather and climate changes. 

Many water dependent species are at risk when parameters vary for longer periods of time or to more 

extremes. Public health threats like harmful algal blooms, pathogens and toxins from storm water 

runoff, and high bacteria counts can be attributed to climate changes. Tornadoes bring debris and 

invasive plants, break down infrastructure, and destroy riparian trees. Small tornadoes have directly 

affected the area recently, as well as heavy winds with storm events.   

 

Flooding carries in runoff pollutants, deposits sediment, washes out fish and wildlife habitat, and erodes 

riparian zones and infrastructure. The past three years have seen extreme rainfall events become more 

prominent, particularly in 2019. Severe flooding closed area towns, roads, and businesses and displaced 

many residents, leaving extensive damages and economic hardship.   

 

On the other end of the spectrum, there was a recent drought from 2011 to 2013 that brought surface 

water levels to a very low flow, was detrimental to fish and wildlife, and reduced groundwater 

resources, greatly impacting our local wells, economy, and agriculture. Public health issues like algal 

blooms and bacteria in water also became concerns when the low flow combined with high 

temperatures.   

 

Tribal culture, area socioeconomics, and 

agriculture are vital to Tribal resiliency. All these 

facets are vulnerable to climate changes. Northeast 

Oklahoma has a large Tribal population, with nine 

Tribes in Ottawa County alone. These Tribes may 

have differences in language and origins, but all 

have valuable parts of their culture related to 

water and the environment. Gathering of medicinal 

and culturally significant plants and foods as well 

as hunting and fishing for food are affected by 

variances in phenology.   

 

Fishing after a flood, in what used to be a parking lot. 

 

Lost Creek with bank erosion visible on far side of the 

creek. 
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Lost Creek flows along the Eastern Shawnee powwow grounds, adding natural beauty to the area. Many 

Tribal people camp out along the creek during ceremonial times. Kids from the local area enjoy playing 

in the water and fishing for perch. The area is key to Tribal culture and events, and much care is taken to 

keep the grounds set apart. The powwow grounds at Lost Creek often have swimming advisories posted 

due to high bacteria counts in the summer, and those are cause for great concern for those who enjoy 

the creek with their family.  

 

As with all Indigenous people, natural resources are valuable parts of Shawnee culture and tradition. 

Water is respected as a valuable component of Creation and something to be protected for future 

generations. The Eastern Shawnee Tribe of Oklahoma has an advanced Water Quality Monitoring 

Program (WQMP) and Nonpoint Source Pollution Prevention Program dedicated to the protection and 

improvement of water resources in Tribal jurisdiction and the watershed. Funding for these programs is 

through two U.S. EPA Clean Water Act grants. 

   

Climate change monitoring for the sector of water has 

been included in the WQMP for the past eight years, 

including daily precipitation and monthly salinity 

monitoring, staff training, outreach and education 

projects with youth, drought planning, developing 

articles for the Tribal newsletter, informational 

brochures, and hosting a regional workshop. Water 

Quality staff have worked closely with several federal 

agencies and Tribes to receive training and share 

information about climate effects.   

 

For several years, bacteria sampling events have been 

conducted twice a week from Memorial Day to Labor Day each summer at recreational sites. Swimming 

advisories are posted as needed. Blue green algae monitoring was included in the program for the past 

two summers for Spring River. Groundwater well testing is offered to residents for free to determine 

whether that drinking water is still safe, even after a drought or a flood. Year-round surface water 

monitoring data is evaluated to note changes in water quality due to climate change, particularly related 

to temperature and precipitation. Information and education are a key component to the WQMP to 

keep the Tribe and the community aware of the status of the water quality.    

 

¢ƘŜ 9ŀǎǘŜǊƴ {ƘŀǿƴŜŜ ¢ǊƛōŜΩǎ ²vat ƛǎ ŀ ǊŜǎǇŜŎǘŜŘ ŀƴŘ ƭƻƴƎ-standing program in the region and 

continues to pursue a more resilient future for water quality through monitoring and commitment to 

public health protection.   

 

Water Quality Officer teaching students about tree 

rings and climate change. 
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  ά²ŀǘŜǊ ƛǎ ǘƘŜ life of all of us.έ ς CŜƭƛȄ !ǊƛǇŀΣ /ƻŜǳǊ ŘΩ!ƭŜƴŜ ¢Ǌƛōŀƭ ŜƭŘŜǊ   

 

/ƭƛƳŀǘŜ ŎƘŀƴƎŜ ǇǊƻŦƻǳƴŘƭȅ ŀƴŘ ŘŜŜǇƭȅ ƛƳǇŀŎǘǎ 9ŀǊǘƘΩǎ ǿŀǘŜǊΣ ōǊƻŀŘƭȅ ŘŜŦƛƴŜŘ ǘƻ Ŏƻƴǎƛǎǘ ƻŦ ǿŀǘŜǊ ŀǘ ŀƴȅ 

location or time in the global hydrological cycle. These impacts alter the quantity, quality, or character of 

water used, held, or valued by Tribes and Alaska Natives, their communities, and members. Water-

related impacts due to or exacerbated by climate change do not necessarily have simple cause and 

effect. There may be synergy among impacts; one impact may catalyze another or others, and there 

may be other complex interactions. However, the root causes of these impacts are the changing 

magnitude/intensity, frequency, or duration of extreme climatic events, together with climate changeς

related temperature, precipitation, and humidity/aridity trends across regions and globally. Additionally, 

the impacts may be cumulative or overlap in space or time. In this chapter, we consider how Tribal and 

Alaska Native village individuals, communities, governments, and organizations are impacted and are 

forced to reckon with, mitigate, and adapt to this set of specific impacts.  In doing so, we draw attention 

to the key associated organizational, community, governmental, personal, health, economic, cultural, 

subsistence, and other costs. 

 

Herein we consider impacts related to overall water quality, harmful algae and biotoxin events, ocean 

acidification, floods, dams, drought, and water and food security. This is by no means the complete set 

of water-related climate change impacts, but the elements of this set are held at the present time to be 

Water 

Key Messages 

ǒ Climate change is negatively impacting water quality, increasing ocean acidification, leading to 

an increase in the frequency and duration of harmful algae and biotoxin events, increasing 

drought, negatively impacting water and food security, causing coastal inundation, and, in 

places, increasing riverine flooding. Even water storage reservoirs and flood management 

infrastructure operations and management are impacted. Each of these impacts can threaten 

local economies, human and non-human health and wellbeing, and Indigenous lifeways. 

ǒ Tribes and Alaska Natives are responding to these threats by drawing on traditional knowledge; 

observing and monitoring water sources and the linked hydrological, climatological, and 

ecological systems and connections; utilizing new tools; forming partnerships; creating 

adaptation and contingency plans; and through adaptation itself. 

 

Recommendation 

Emphasis should be on early, meaningful, and sustained engagement and consultation by federal 

and state regulatory and other agencies on both water quality and availability and on the associated 

food and water security impacts of contamination, ocean acidification, hazardous algal and biotoxin 

events, and risks associated with both drought and flooding. Tribes and Alaska Natives should be 

supported in implementing Tribally-led planning and solutions, partnerships, and cooperative 

efforts.    
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high in priority. Climate change impacts on water rights, together with water management and 

utilization, are also important and will be addressed in future STACC Reports. 

 

Overall Water Quality 

¢ƻ ŀǎǎŜǎǎ ŦǳǘǳǊŜ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ŎƘŀƴƎŜǎΣ Řŀǘŀ ǊŜǇƻǊǘŜŘ ǳƴŘŜǊ 9t!Ωǎ 9ƴŦƻǊŎŜƳŜƴǘ /ƻƳǇƭƛŀƴŎŜ IƛǎǘƻǊȅ 

hƴƭƛƴŜ ό9t!Σ нлмтύΣ 9t!Ωǎ ¦ƴǊŜƎǳƭŀǘŜŘ /ƻƴǘŀƳƛƴŀƴǘ aƻƴƛǘƻǊƛƴƎ wǳƭŜΣ ƻǊ ¦/aw ό9t!Σ нлмфŀΣ нлмфōΣ 

2019c, 2019d), results from models that utilize the Water Quality Index (WQI) (Horton, 1965; Tyagi, 

Sharma, Singh, & Dobhal, 2013), and data from peer-reviewed journals are summarized here.  

 

Water quality forecasts developed using a nested modeling approach that includes GCM (general 

circulation or climate models), emission scenarios, runoff modeling,  water demand estimation, water 

resources management modeling, and water quality modeling are region-specific, with the most 

detrimental anticipated changes impacting Nevada and western Utah (up to a 26% decline in the WQI), 

followed by California and Arizona (up to 20% decrease in water quality) through 2100 (Boehlert et al., 

2015). The remainder of the Western U.S. could anticipate up to a 14% decline in water quality. Tribes in 

the Central and Eastern U.S. are not immune from declining water quality; however, the IGSM-CAM 

(Integrated Global System ModelςCommunity Atmosphere Model) approach, used to assess regional 

and global climate change, predicts a 0 to 10% reduction in the WQI scores (Boehlert et al., 2015). 

 

The implications of the above-cited modeling predict climate changeςrelated impacts on the WQI 

parameters of dissolved oxygen, fecal coliform, pH, biological oxygen demand (BOD), temperature, 

phosphorus, nitrogen, turbidity, and total solids. However, sustained monitoring of additional Tribal-

specific regulated and unregulated pollutants will provide a more complete picture of water quality 

changes. 

 

9t!Ωǎ 9ƴŦƻǊŎŜƳŜƴǘ /ƻƳǇƭƛŀƴŎŜ IƛǎǘƻǊȅ hƴƭƛƴŜ ό9/Ihύ ǊŜǇƻǊǘǎ ƘŜŀƭǘƘ-based water quality violations for 

public water systems (PWS). Focusing specifically on health-based maximum contaminant level (MCL) 

violations, Tribes in Alaska, Arizona, California, Iowa, Idaho, Minnesota, Montana, Utah, and Wyoming 

were disproportionately affected by regulated drinking water contaminants compared to non-Tribal 

PWS sources during 2014ςнлмт ό/ƻƴǊƻȅπ.Ŝƴ ϧ wƛŎƘŀǊŘΣ нлмуύΦ ¢ƘŜ ƳŀƧƻǊ ƘŜŀƭǘƘ-based violations 

included arsenic, coliform, nitrate, disinfection by-products, and the surface water/lead-

copper/groundwater monitoring rules. Furthermore, unregulated drinking water contaminants and 

health-based contaminants under consideration for future regulation under the Safe Drinking Water Act 

ό{5²!ύ ǿŜǊŜ ǇǊŜǎŜƴǘ ƛƴ ¢Ǌƛōŀƭ tǳōƭƛŎ ²ŀǘŜǊ {ȅǎǘŜƳǎ ό/ƻƴǊƻȅπ.Ŝƴ ϧ /ǊƻǿŘŜǊΣ нлнлύΦ  

 

Data from the four UCMR surveys completed to date by EPA indicate that for Tribal Public Water 

Systems the most frequently detected contaminants exceeding the health reference level (HRL) included 

1,4-dioxane, perfluorinated chemicals (PFOS and PFOA), vanadium, strontium, chromium, and chlorate. 

Additionally, molybdenum, haloacetic acids (HAA5, HAA6, HAA9), germanium, and manganese were 

detected above the method detection limit. Sustained Tribal monitoring beyond traditional water 

quality parameters is necessary and should include regulated and unregulated contaminants to assess 

the impacts of climate change. 
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Additionally, unregulated drinking water sources provide water to Tribal communities, but due to the 

numbers of connections (< 15) and customers (< 25), these sources are not routinely monitored. 

Unregulated wells serve approximately 37 million Americans (Backer & Tosta, 2011) and are a source of 

undetected water supply contamination in Tribal communities. On the Navajo Nation, for example, up 

to 30% of the population is not served by a PWS (Hoover et al., 2017). There, those receiving water from 

unregulated sources are impacted by arsenic and uranium contamination (Corlin et al., 2016; Credo et 

al., 2019; Hoover et al., 2017; Ingram et al., 2020), and by many other co-occurring natural and mining-

influenced metals (Credo et al., 2019; Hoover et al., 2018). These unregulated sources could see a 

decline in water quality with respect to metal concentration in future projections; routine monitoring in 

resource-limited areas will determine effects due to climate change. 

 

In summary, Tribal water quality is complex and extends beyond standard water quality indicators. As a 

result of climate change, Tribes within the states predicted to have reductions in the WQI will likely also 

be impacted under the SDWA, UCMR, and as unregulated water sources.  

 

Ocean Acidification 

Ocean acidification is the process by which the pH of the ocean is being lowered due to the addition of 

anthropogenic carbon dioxide. This lowering of pH creates difficulty for calcifying organisms to form and 

maintain their shells (Doney et al., 2009). While the addition of atmospheric carbon dioxide is a global 

issue, local impacts, primarily eutrophication, have exacerbated these impacts. Given the local and 

global challenges, resource managers are faced with a difficult issue where changing local inputs might 

slow the impact on resources. Blue carbon, which is the ability for marine plants and algae to sequester 

carbon, is one solution that may provide help for local resource managers. 

 

Ocean acidification has already impacted certain Indigenous food systems and has the potential to 

impact many more. In the Pacific Northwest, the study of these impacts has primarily been directed at 

important food species like Pacific salmon (Oncorhynchus spp.), Dungeness crab (Metacarcinus 

magister), and bivalve clams.  

 

Pacific salmon are being impacted by ocean acidification directly and indirectly. With increased 

acidification, pink salmon (O. gorbuscha) have been shown to have significant reductions in weight and 

length (Ou et al., 2015). These direct physiological impacts are further amplified by the loss of prey items 

such as pteropods, a marine planktonic snail, a species upon which increasing acidification has been 

shown to have had staggering impacts (Orr et al., 2005). In the case of pteropods, these impacts are 

predicted to be widespread in the waters off Alaska within the next 35 years (Orr et al., 2005).  

 

Dungeness crab is a vitally important commercial and ceremonial species among Pacific Northwest 

Tribes. Economically, Dungeness crab is the largest fishery for many Tribal communities in Washington 

state. Current levels of acidification are impacting Dungeness crab with an 8.3% increase in shell 

Řƛǎǎƻƭǳǘƛƻƴ ƻǾŜǊ ǘƘŜ Ǉŀǎǘ ǘǿƻ ŘŜŎŀŘŜǎ ό.ŜŘƴŀǊǑŜƪ Ŝǘ ŀƭΦΣ нлнлύΦ ²ƘŜƴ ŜȄǇƻǎŜŘ ǘƻ ǘƘŜ ŀŎƛŘƛŎ ŎƻƴŘƛǘƛƻƴǎ 

expected in the near future, larval planktonic crabs will develop more slowly through the maturation 
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process (Miller et al., 2016). Dungeness crab are extremely vulnerable to predation during planktonic 

larval periods, so any additional time spent in these stages due to slower development could greatly 

reduce their populations.  

 

.ƛǾŀƭǾŜ Ƴƻƭƭǳǎƪǎ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ǘƘŜ ŎŀƴŀǊȅ ƻƴ ǘƘŜ ōŜŀŎƘ ǿƘŜƴ ƛǘ ŎƻƳŜǎ ǘƻ ƻŎŜŀƴ ŀŎƛŘƛŦƛŎŀǘƛƻƴΩǎ 

attenuation of shell development and shell loss. Impacts from elevated carbon dioxide levels were first 

seen in Pacific oyster (Crassostrea gigas) aquaculture facilities with larval oysters dissolving in the acidic 

water. Under acidic conditions, larval Pacific oysters can lose over 50% of their shell mass with an overall 

length reduction of over 25% (Frieder et al., 2017). Ocean acidification tends to impact bivalves during 

their early planktonic life stages (Waldbusser et al., 2015), which will impact recruitment of new clams, 

oysters, and mussels. Lummi Shellfish Hatchery has been spawning, rearing, and releasing juvenile clams 

for decades. Most recently, their on-reservation shellfish program has been focused on the commercial 

manila clam harvest, with over 20 million juvenile clams outplanted every year. Additionally, they 

augment beaches with Pacific oysters for ceremonial and subsistence harvest. While directly outplanting 

juvenile bivalves is not a long-term solution, this does provide Lummi Tribal members with abundant 

resources to harvest, provided that the water quality is appropriate. This could potentially serve as a 

model for climate adaptation for other Tribes, but 

longer term solutions must be found for Tribal people 

to maintain sovereignty over their lifeways. As in the 

coastal Northwest, ocean acidification severely limits 

shell formation, leading to decreases in available 

shellfish stocks and reducing subsistence harvests in 

coastal Alaska and the coastal northeast U.S. (Doney 

et al., 2020). 

 

Monitoring for Harmful Algae and Biotoxins in the 

Salish Sea 

In the Pacific Northwest, harmful algae and biotoxin 

events are not uncommon occurrences, and Coast 

Salish people have been harvesting shellfish safely 

using traditional and observational methods since 

time immemorial (Lewitus et al., 2012; Williams, 

2006). The many miles of coastline along the Salish 

Sea, which includes territories of sovereign Tribal 

nations, provide a wealth of subsistence, spiritual, 

and commercial resources and continue to be an 

important fishery (Figure 4). Human-related drivers, 

including global warming, nutrient runoff, and 

drought, are directly linked to increasing frequency, 

magnitude, and duration of harmful algae events (HAE). Shellfish safety concerns have prompted 

increased and adapted monitoring strategies so that Tribal nations can make appropriate management 

Figure 4. The shared waters of the Salish Sea basin, 
Coast Salish Nations, Northwest Washington, USA 
and British Columbia, CAN. 



 

120 
 

decisions for their people. (See narratives titled Southeast Alaska Tribes Face Climate Change with 

Partnership and Harmful Algal Blooms Targeted by Grassroots Watershed Organizations.) 

 

In marine ecosystems, HAE are a serious threat that cause overwhelming, persistent impacts on the 

environment. These can include serious health concerns for humans and wildlife, impacting the marine 

food web with bioaccumulation and biomagnification through shellfish and crab consumption (McCabe 

et al., 2016). In the Pacific Northwest, paralytic shellfish poisoning (PSP) events are considered 

άǘǊŀŘƛǘƛƻƴŀƭ,έ ŀƴŘ LƴŘƛƎŜƴƻǳǎ traditional ecological knowledge indicates that PSP events have been 

seasonal and ongoing for hundreds of years. Recent analysis of long-term harmful algae monitoring 

programs also indicates that both duration and frequency of HAEs are increasing, that they are linked to 

climate change, and that they are anticipated to cause negative impacts on tourism, local economies, 

and human health in the future (Gobler, 2020).  While many government resource managers are aware 

that shellfish harvest closures have serious impacts on economic markets, Tribal managers are keenly 

aware that closures also have an influence on subsistence and ceremonial harvests while threatening 

food sovereignty. 

 

The state of Washington and British 

Columbia manage PSP events by testing 

mussels for toxins and closing 

commercial and recreational 

shellfisheries seasonally. Both Coast 

Salish Tribes and First Nations have 

sovereignty over their shellfish tidelands 

and work with the respective federal and 

state government entities for testing, so 

they can then manage their 

shellfisheries. Since 2012, all Pacific 

Northwest governments monitor for 

three main marine biotoxins (Lewitus et 

al., 2012), but since the 2000s, more 

than a dozen emergent biotoxins have 

been identified as potentially impacting 

marine shellfish and as harmful to humans (Visciano et al., 2016). These other toxins, including 

freshwater cyanotoxins that can accumulate in marine shellfish, are not often monitored by state 

governments in the marine environment (Peacock et al., 2018; Preece et al., 2017). In response, Tribal 

nations have been early adaptors for monitoring and utilizing new tools while also forming partnerships 

with academic, state, and government entities to monitor for these emergent toxins (Figure 5). 

 

Monitoring is the first step to safe shellfish harvest, and management and policy decisions for shellfish 

closures need to be effectively communicated to respective Tribal nations (Figure 6). Many of the old 

adages that Coast Salish pŜƻǇƭŜ ŀǊŜ ŦŀƳƛƭƛŀǊ ǿƛǘƘΣ ǎǳŎƘ ŀǎΣ ά5ƻƴΩǘ ƘŀǊǾŜǎǘ ƛƴ ƳƻƴǘƘǎ ǿƛǘƘ Ψw,Ωέ are no 

longer true. Disruption to traditional knowledge can cause harm to communities that heavily rely on 

Figure 5. Sampling for marine biotoxins (left) in the Salish Sea, and 
Solid Phase Adsorption Toxin Tracking (SPATT) sampler (right), which 
is a passive, time-integrated toxin sampler used to track multiple 
toxins at the same time. 
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shellfish harvests, but participating in adaptation planning and monitoring to anticipate climate change 

impacts can increase communities' cultural resilience.  Tribal Natural Resource departments provide 

effective communication facilitating community outreach events, Kς12 school education, and 

supporting harvesters and families during closures to ensure that their people are aware of these 

changes and of why shellfish are unsafe to eat.  

 

 

Drought and Impacts on Water Security 

Water is life. tŜƻǇƭŜΩǎ ōŀǎƛŎ ǳǎŜǎ ŦƻǊ ǿŀǘŜǊ ƛƴŎƭǳŘŜ ŘǊƛƴƪƛƴƎΣ ǎƘƻǿŜǊƛƴƎΣ ǿŀǎƘƛƴƎΣ ŎƻƻƪƛƴƎΣ ŀƴŘ ŎŀǊƛƴƎ ŦƻǊ 

animals and crops. For Tribes and Indigenous peoples, water extends beyond daily consumption and is 

vital for cultural and ceremonial use, including the cultivation of plants and animals. Water is heavily 

referenced as a living entity in stories, prayers, place names, and teachings (Chief et al., 2016) and 

engrained in community activities such as subsistence gathering and growing of food and medicinal 

plants (Chief et al., 2016). The lethal combination of increasingly prevalent drought and the 

corresponding reductions in water availability is having drastic impacts on the land and people, 

particularly in the southwest and western U.S. Increasing wildfires, lack of drinking water for flora and 

fauna, including humans, and increasingly common water shortages have led to uncertainty concerning 

the future viability of current water supplies (Wehner et al., 2017). 

 

!ǇǇǊƻȄƛƳŀǘŜƭȅ фт҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǿŀǘŜǊ ƛǎ ŎƻƴǘŀƛƴŜŘ ƛƴ ǘƘe oceans, and over 71% of the EŀǊǘƘΩǎ ǎǳǊŦŀŎŜ 

is covered in water (Shiklomanov, 1993). Yet on land, in areas of human habitation there is often water 

scarcity. Growing populations and rising demands from municipal, industrial, and irrigation sectors have 

only increased in the past two decades (Dieter et al., 2018). With climate change presenting immediate 

visual, physical, spiritual, and mental impacts, water remains the element that has been the most 

sensitive to the changes in the weather and climate. In addition, the complexity of water allocations 

among multiple state and federal jurisdictions has led to users experiencing the impacts differently. 

Users that are financially secure tend to experience or see less of the impact of drought events, whereas 

Figure 6. Examples of biotoxin closure signs. State of Washington Department of Health biotoxin closure sign (left). Lummi 
Nation biotoxin opening and closure signs including Indigenous drawings. Artwork by Thayne Yazzie, Salish Sea Research 
Center, Northwest Indian College. 
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low-income households and communities experience drought events more severely and profoundly 

(Stewart et al., 2020). 

 

Tribes and Indigenous communities experience drought impacts in ways similar to other communities 

ōǳǘ Ŏŀƴ ōŜ άŀŦŦŜŎǘŜŘ ǳƴƛǉǳŜƭȅ ŀƴŘ ŘƛǎǇǊƻǇƻǊǘƛƻƴŀǘŜƭȅέ (Jantarasami et al., 2018) based on their 

geography. Some communities are located in rural areas where the nearest hospital or grocery store can 

be more than 30 miles or minutes away. This includes the access and availability of clean drinking water 

for themselves, their livestock, and crops. In addition to encountering inadequate and increasingly 

unreliable access to sources of drinking water, many Tribal and Indigenous nations are currently 

involved in protracted water-rights settlement negotiations, yet across the country, growing demands 

for water only  complicate the allocations previously secured (Jantarasami et al., 2018). Diminishing 

water supplies combined with increasing water demands has created water insecurity for Tribal and 

Indigenous nations. 

 

Drought has been a contributing factor stressing already over-allocated water resources across the 

western U.S., but in particular across the arid southwestern region, which has a long history of drought. 

Historically, droughts in the Southwest have been primarily precipitation-dominated. However, with the 

observed increases in average annual temperatures due to human-caused climate change, the most 

recent series of droughts beginning in the early-2000s has been temperature-dominated (Udall & 

Overpeck, 2017).  

 

In the northwestern region of the United States, drought may have profound impacts on Chinook 

salmon (an important sustenance for Pacific Northwest Tribes), which are especially susceptible to low 

streamflow and changes in stream temperatures (Crozier et al., 2020; Silver et al., 2020).  

 

In the northern plains, drought is affecting the quality of soil health, rangeland productivity, and 

agricultural productivity (He et al., 2019). Specifically, on the Wind River Indian Reservation and the 

surrounding region, drought has caused significant water shortages, which in turn reduced the amount 

of irrigation available to maintain agricultural fields during the 2012ς2013 season (McNeeley et al., 

2017). 

 

Precipitation Change  

Factors contributing to drought include increased average temperatures during the winter months that 

pose a great concern where winter precipitation is transitioning from snowfall to rainfall. In the 

southwestern U.S., average annual snowpack in the headwaters of the Rio Grande Basin has decreased 

by nearly a third compared to the historical average (Chavarria & Gutzler, 2018). Similarly, under current 

and projected climate scenarios, mid-century streamflows in the Colorado River Basin are expected to 

decrease nearly 30% compared to the historical average (Udall & Overpeck, 2017). Additionally, the 

timing of snowmelt runoff events in the southwest is shifting toward earlier times of year, with 

complications for water allocation for downstream water users. Elders from the Navajo Nation in the 

ǎƻǳǘƘǿŜǎǘŜǊƴ ¦Φ{Φ ǊŜƳŜƳōŜǊ άŀƴ ŀōǳƴŘŀƴŎŜ ƻŦ ǎƴƻǿ ǿƘƛŎƘ ƭŀǎǘŜŘ ŦƻǊ ƳƻƴǘƘǎ ŀƴŘ ƭƻƴƎ Ƴƻƴǎƻƻƴ 

seasons. Whereas now, the snowfall melts within the day and rainfall run-ƻŦŦ Ƙŀǎ ŘǊŀǎǘƛŎŀƭƭȅ ƛƴŎǊŜŀǎŜŘέ 
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(Tom et al., 2018). The implications of an ever-decreasing snowpack and changes in annual runoff in the 

Colorado River Basin, combined with increasing populations and water demand, suggest that water 

managers and dependent communities may be expected to do more with less. The Campo Band of the 

Kumeyaay NŀǘƛƻƴΩǎ /ƭƛƳŀǘŜ !ŘŀǇǘŀǘƛƻƴ tƭŀƴ ǉǳƻǘŜǎ ƳǳƭǘƛǇƭŜ ŜƭŘŜǊǎΩ ǘŜǎǘƛƳƻƴƛŀƭǎ ǘƘŀǘ ǿƘŜƴ ǘƘŜȅ ǿŜǊŜ 

children they experienced much rainier, snowier, and cooler conditions than today, and they report an 

overall decrease in rainfall since 1948 (Campo CAAP, 2018).  

 

The Tlingit and Haida Indian Tribes of Alaska Climate Change Adaptation Plan (Tlingit & Haida CCAP, 

2019) ŦƛƴŘǎ ǘƘŀǘ ǘǊŜƴŘǎ ƛƴŘƛŎŀǘŜ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ǇǊŜŎƛǇƛǘŀǘƛƻƴΣ ōǳǘ άŘǳŜ ǘƻ ǊƛǎƛƴƎ ǘŜƳǇŜǊŀǘǳǊŜǎΣ ǘƘŜǊŜ ǿƛƭƭ 

be less snow cover. Snow cover is a ΨblanketΩ that protects fragile cedar roots from damaging freezing 

temperatures, and during the spring melt it provides salmon spawning streams with a clean, cool, and 

abundant water supply. A smaller snowpack equates to lower spring snowmelt runoff. Paradoxically, 

however, increased precipitation in the form of extreme rain events is a major factor in river and stream 

scour. These extreme increased flow events scour river and stream beds, potentially causing damage to 

ǎŜƴǎƛǘƛǾŜ ǎŀƭƳƻƴ ǎǇŀǿƴƛƴƎ ƎǊƻǳƴŘǎέ ό¢ƭƛƴƎƛǘ ϧ IŀƛŘŀ CCAP, 2019).  

 

Fluctuating precipitation rates and intensity, combined with precipitation that is shifting from occurring 

as snow at high elevations to occurring as rain, can directly impact Tribal energy security and water 

supplies (Scott et al., 2018). For example, the Metlakatla Indian Community of southeastern Alaska has 

long relied on local lakes for a combination of municipal water supply and hydropower. In recent years, 

the water supply of Chester Lake has at times dropped too low to support both the need for municipal 

water and the ability to run the hydro-generator, forcing the Tribe to choose to shut down the hydro-

generator and rely on diesel generators for electricity. This imbalance between available water supply 

and demands for water and energȅ ƛǎ ŘǳŜ ǘƻ ŀ άǎƘƛŦǘ ƛƴ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ŎƻǳǇƭŜŘ ǿƛǘƘ ǿŀǊƳŜǊ ǿƛƴǘŜǊ 

ǘŜƳǇŜǊŀǘǳǊŜǎ ǘƘŀǘ ǊŜǎǳƭǘǎ ƛƴ ƭƛǘǘƭŜ ǘƻ ƴƻ ǎƴƻǿǇŀŎƪ ŎƻǳǇƭŜŘ ǿƛǘƘ ƛƴŎǊŜŀǎŜŘ ŜƴŜǊƎȅ ŘŜƳŀƴŘǎέ ό{Ŏƻǘǘ Ŝǘ ŀƭΦΣ 

2018). 

 

Water and Food SecurityτImpacts to Water-Dependent Subsistence, Hunting, and Gathering 

Many Tribal and Indigenous communities are actively engaged in the cultivation or utilization of 

traditional nutritional and medicinal plants such as corn, reeds, acorns, sage, juniper (including Eastern 

red cedar), and many others (Native American Ethnobotany Database, n.d.; UVM Library Digital Exhibits, 

n.d.). Numerous other Indigenous communities subsist partly or entirely on the gathering, harvesting, 

fishing, or hunting of marine species. In nearly all such settings, food security is inextricably linked to 

stability and security of water in each and all of its forms: liquid, vapor, and solid. 

 

Since time immemorial, these communities have relied on plant and animal species for food, medicine, 

ceremonies, prayers, and local economies (Lynn et al., 2013; Chief et al., 2016). Tribes and Indigenous 

communities view water not only as a resource but as a living entity acknowledged as a relative 

(Cozzetto et al., 2013). Increasing climate change threatens the valuable resources these communities 

depend on for the survival of their people, culture, and language and has created a worrisome future for 

those so dependent on water (Misra, 2014; Cozzetto et al., 2013).  
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For Indigenous peoples in the North, and in particular for the Inuit of Alaska, reliance upon water and 

the marine environment and its biodiversity has been and continues to be fundamental to their survival. 

The coastal seas and ocean provide essential elements of their overall wellbeing. In addition, traversing 

sea ice is required for most harvesting activities among Alaska Native communities. These profound 

relationships have economic, social, cultural, and spiritual dimensions inexplicable in the English 

language. Presently, the integrity and stability of ocean ecosystem dynamics are being seriously 

threatened by factors such as the loss of sea ice, ocean acidification, ocean warming, microplastics, 

coastal erosion, impacts to marine mammal habitat including whale calving areas, and subsequent 

impacts on food chains. Such conditions directly affect Alaska Native Tribal members that rely upon 

seals, walrus, whales, and other marine mammals.  

 

Concerning the loss of sea ice in Alaska, the Intergovernmental Panel on Climate Change Special Report 

on Oceans and the Cryosphere in a Changing Climate underscored the unequivocal linkage between 

oceans, biodiversity, and climate change. The report highlights the essential dynamic between Arctic 

ƭŀƴŘŦŀǎǘ ƛŎŜ ŀƴŘ ŦƻƻŘ ǎŜŎǳǊƛǘȅ ŦƻǊ !ƭŀǎƪŀΩǎ Ŏƻŀǎǘŀƭ Lƴǳƛǘ ŎƻƳƳǳƴƛǘƛŜǎΦ ¢ƘŜ ǊŜǇƻǊǘ ŦǳǊǘƘŜǊ ŜƳǇƘŀǎƛȊŜǎ 

Indigenous knowledge and the importance of intergenerational significance of this in the context of such 

Arctic Indigenous coastal communities and their continued reliance upon the coastal environment as 

their principal food source (IPCC SROCCC, 2019). (See also Chapter 4: Ecosystems & Biodiversity.) 

 

Food and medicinal plants are both seasonal and perennial, but for some Tribal communities, notably 

medicine people and subsistence gatherers, there is a specific timeline and protocol for proper 

harvesting. With dynamic shifts in weather patterns due to climate change, decreasing availability of 

potable water makes it difficult to accomplish ceremonial and subsistence responsibilities. If Tribal 

communities are unable to properly harvest plant species needed for a time-specific ceremony or event 

(Daigle et al., 2019), this may cause the event to either be cancelled or postponed to a later date. Due to 

these cancellations, it may present short- or long-term delays in the intergenerational teachings and 

sharing of cultural stories, practices, and languages, which in turn may have physiological and spiritual 

impacts (Swinomish, 2010; Donatuto et al., 2011). For example, if a specific cold-water species that is 

considered to be culturally significant for ceremonial and subsistence purposes is threatened due to 

warming water, then the Tribal community is in danger of becoming spiritually and economically 

stressed (Donatuto et al., 2011).  

 

¢ƘǊŜŀǘǎ ǘƻ ǘƘŜ {ǿƛƴƻƳƛǎƘ ¢ǊƛōŜΩǎ ǘǊŀŘƛǘƛƻƴŀƭ ǊŜƭƛŀƴŎŜ ƻƴ ƛǘǎ ǎŀƭƳƻƴ ŦƛǎƘŜǊȅΣ ǿƘƛŎh is in decline, are 

ŎƻƳǇƻǳƴŘŜŘ ōȅ ǘƘŜ ¢ǊƛōŜΩǎ ǾǳƭƴŜǊŀōƛƭƛǘȅ ǘƻ ǎŜŀ ƭŜǾŜƭ ǊƛǎŜ όaƻǊǊƛǎƻƴ ϧ ¢ŀƳŀȅƻΣ нлнлύΦ ¢ƘŜ {ǿƛƴƻƳƛǎƘ 

proactively created a climate action plan (Swinomish, 2010), and nearly 50 Tribes have followed suit. 

Water-related climate change impacts of concern to the Swinomish and other Tribes include but are not 

limited to increased flooding, ocean acidification, rising river temperatures, more-destructive storms, 

and habitat loss. Similarly, ǘƘŜ ¸ǳǇΩƛƪ ŀƴŘ !ǘƘŀōŀǎŎŀƴ critically depend upon salmon along the 

Kuskokwim and Yukon watersheds. 

 

Increased frequency and intensity of heavy precipitation events are anticipated to impact many beings 

dependent on particular aquatic or soil moisture conditions for some portion of or all of their life cycle. 
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An example of this is wild rice, a being so central to Ojibwe culture that Tribal members fear a loss of 

identity if wild rice, which can be flooded or damaged if heavy rains fall at the wrong time, declines or 

disappears (Marks-Marino, 2019a; Marks-Marino, 2019b). Wild rice is one of the most vulnerable beings 

in the Midwest region, has already seen declines, and is susceptible to the changes described previously 

as well as to invasive species and increasing prevalence of pests and pathogens.  

 

Lack of water availability or intense precipitation events may force Tribal and Indigenous people to make 

difficult decisions, some of which can be life changing. For example, if a family cannot continue to 

support themselves by growing crops or raising livestock or even provide potable water for themselves, 

they may be forced to relocate to unfamiliar urban areas. Lack of potable water resources and the 

ongoing decades-long drawn-out efforts to secure greater access to water rights create cumulative 

impacts that are detrimental to the mental, spiritual, and physical health of Tribal communities 

(Donatuto et al., 2011). If people are unable to continue the practice of traditional farming, subsistence 

gathering and hunting, and providing for their families, the traditional knowledges of Tribal and 

Indigenous cultures are at risk of being lost. Water and food security are important for the survival of 

not only the floral and faunal species but also for the spiritual and cultural survival of humans, the five-

fingered beings.  

 

Importance and Impacts of Dams for Tribes 

For Tribal communities, dams and their reservoirs may be important and beneficial in terms of providing 

electricity, irrigation water, and drinking water (Church et al., 2015) as well as water for fire protection 

and recreation. Climate change may impact dam operations, specifically from diminished water supplies 

stemming from increased evaporation due to rising air temperatures and increasing drought (Ehsani et 

al., 2017). For instance, water storage in reservoirs in the Southwest has decreased since 2000 due to 

drier and warmer conditions (Scanlon et al., 2015). For the Colorado River Indian Tribes in Arizona, this 

meant negotiating an agreement with the Bureau of Reclamation to use less water (from the Colorado 

River) for agriculture in exchange for obtaining funding for the Tribes (James, 2020). 

 

Climate change may also impact dam safety. The intensity and frequency of extreme rainfall events are 

increasing as a result of climate change, which in turn has caused a number of dams (most of which are 

nearly 60 years old) to breach across the United States (Fountain, 2020; Swain et al., 2020; Pearce, 

2021). In addition, due to the age of dams and because most dams were originally built with concrete, 

earth, and masonry, they are subject to failure from decay, fissures, cracks, and seepage (Fountain, 

2020). Within the U.S. Department of the Interior, the BIA is responsible for 900-plus dams on Tribal 

lands, and 138 of those dams are ŎƻƴǎƛŘŜǊŜŘ άƘƛƎƘ-ƘŀȊŀǊŘέ ŀƴŘ άǎƛƎƴƛŦƛŎŀƴǘ-ƘŀȊŀǊŘέ όC9a!Σ нлмфύΦ ! 

ŘŀƳ ƛǎ ŎƭŀǎǎƛŦƛŜŘ ŀǎ άƘƛƎƘ-ƘŀȊŀǊŘέ ǿƘŜƴ ǘƘŜǊŜ ƛǎ ŀ ƭƛƪŜƭƛƘƻƻŘ ƻŦ ŀ ƭƻǎǎ ƻŦ ƻƴŜ ƘǳƳŀƴ ƭƛŦŜ ƛŦ ƛǘ ŦŀƛƭǎΦ Lǘ ƛǎ 

ŎƭŀǎǎƛŦƛŜŘ ŀǎ άǎƛƎƴƛŦƛŎŀƴǘ-ƘŀȊŀǊŘέ ǿƘŜƴ ǘƘŜǊŜ ƛǎ ŀ ƭƛƪŜƭƛƘƻƻŘ ƻŦ ŜŎƻƴƻƳƛŎ ƭƻǎǎ ƛŦ it fails (FEMA, 2019).  

 

In contrast to the benefits noted above, dams have also presented a set of challenges to Tribal 

communities in terms of safety, water availability, impacts on river temperatures, erosion, land loss, and 

food insecurity (Church et al., 2015; Guarino, 2013). Entire villages and fishing sites have been destroyed 

due to numerous dams that were built along the Columbia River in the Pacific Northwest, resulting in 
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impacts to the subsistence lifestyle of the Indigenous peoples of this region (Smithsonian Institution, 

2018; Church et al., 2015). Dam operations and reservoirs may lead to increased river temperatures; if 

temperatures reach more than 68 degrees, unhealthy environments for cold-water fish (such as salmon) 

are created (Smithsonian Institution, 2018; Nichols, 2020). Salmon play a key role in maintaining food 

security and culture for some Tribal communities in the Pacific Northwest. The construction of large 

Army Corps of Engineers dams in the Missouri River Basin resulted in destruction of communities and 

permanent loss of land, along with all of the socio-economic and cultural trauma, some lasting and 

permanent, resulting from displacement from familiar, traditional, and sustaining riverside homelands 

and environments (Lawson, 2009). 

 

It is especially important for state and federal government agencies involved in flood control and water 

supply operations and management to meaningfully engage and consult with sovereign Tribal 

governments and affected communities so that future operation and management of this diverse set of 

important water infrastructure facilities will be conducted in a manner beneficial to all communities 

rather than to just certain communities.  

 

Flooding Related to Climate Change 

Flooding events of all manner are captured in the geologic record. Human beings continue to be afflicted 

by flooding; considerable resources are expended on preparing for and responding to floods. Extreme 

precipitation events are projected to increase in both observed total and heavy precipitation in many, 

but not all, regions of North America under multiple emissions scenarios (Seneviratne et al., 2012), and 

this will in general lead to increased erosion and flooding and to a large set of related impacts. 

  

Flood control and mitigation of flood impacts have yielded mixed results, sometimes inducing further 

development and settlement in areas that continue to be susceptible to flooding (e.g., Horn & Webel, 

2019; Peralta & Scott, 2019). Flood hazards in both riverine and coastal environments are exacerbated 

by impacts from global climate change on the hydrologic system. Drought-induced vegetation loss, 

coastal and river system management practices, government policies, and natural resource extractive 

practices are all important related factors. An especially pernicious aspect of coastal flooding associated 

with sea-level rise is that this impact from changing climate will continue to grow in spatial extent and 

magnitude over time as the climate warms and glacial ice continues to melt (see, e.g., Kirezci et al., 

2020).  

 

The Coastal Environment 

The mean global trend of absolute sea level is illustrated in Figure 7. When it comes to flooding driven 

by climate change, there is considerable certainty concerning what has happened and what is ongoing, 

and this can be coupled with model-based forecasts as to what the future is likely to bring in oceanic 

coastal settings.  
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In the U.S. coastal environment, rising relative sea level due to global warmingςinduced ice melting and 

thermal expansion of warming sea water causes inundation of areas formerly above sea level (Figure 8).  

This gradual inundation flood hazard is compounded by episodic landward flows of sea water caused by 

storm and hurricane surges. In some areas of the northwestern U.S. and Alaska, land masses may be 

uplifting relative to sea level due to tectonic movements. Also, in a limited number of places such as the 

Mississippi River Delta in the Gulf of Mexico, subsidence due to deltaic sediment consolidation, reduced 

sediment delivery by the river, or basement subsidence coupled with absolute sea level rise due to 

climate change collectively also drive coastal inundation (see, e.g., Wolstencroft et al., 2014; Turner, 

2017). bh!!Ωǎ ¢ƛŘŜǎ ŀƴŘ Trends website19 provides an excellent summary of sea level trends in North 

America and globally.  

                                                             
19 bh!!Ωǎ ¢ƛŘŜǎ ϧ /ǳǊǊŜƴǘǎ {Ŝŀ [ŜǾŜƭ ¢ǊŜƴŘǎΥ https://tidesandcurrents.noaa.gov/sltrends/  

Figure 7. Global Average Absolute Sea Level Change, 1880ς2015. https://www.epa.gov/climate-
indicators/climate-change-indicators-sea-level 

https://tidesandcurrents.noaa.gov/sltrends/
https://tidesandcurrents.noaa.gov/sltrends/
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Due to their proximity to coastal shorelines, some Tribal communitiesτincluding, but not limited to, the 

Puyallup and Quileute Tribes in Washington state, the Isla de Jean Charles Tribal community of 

Louisiana, and Alaska Native villages such as Akiak, Kivalina, and Shishmarefτare especially vulnerable 

to coastal flooding and erosion, as they may be forced to relocate inland due to land loss, ultimately 

leading to loss of identity, culture, and a subsistence lifestyle (Walker, 2021; Ristroph, 2019; Puyallup 

Tribe of Indians, 2016; Palinkas, 2020). The remote Inupiat community in Kivalina, Alaska, is one of the 

most impacted coastal villages that has begun relocation, even after attempts at shoreline stabilization 

(Dannenberg et al., 2019).  It has been observed that storm surges from strong winds combined with the 

increasing number of ice-free days per year are contributing to more coastal flooding in coastal Alaska 

communities. 

Figure 8. Relative Sea Level Change Along U.S. Coasts, 1960ς2015. https://www.epa.gov/climate-
indicators/climate-change-indicators-sea-level 
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Summarizing 2003 and 2009 U.S. Government Accountability Office (GAO) studies, the National Wildlife 

CŜŘŜǊŀǘƛƻƴ όнлммύ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ άƳƻǊŜ ǘƘŀƴ нлл !ƭŀǎƪŀ bŀǘƛǾŜ villages were affected to some degree by 

flooding and erosion, and 31 villages face imminent threats that are compelling them to consider 

ǇŜǊƳŀƴŜƴǘ ǊŜƭƻŎŀǘƛƻƴΦέ {ƛƴŎŜ ǘƘŜƴΣ ǘƘŜ !ƭŀǎƪŀ {ǘŀǘŜǿƛŘŜ ¢ƘǊŜŀǘ !ǎǎŜǎǎƳŜƴǘ ό¦ƴƛǾŜǊǎƛǘȅ ƻŦ !ƭŀǎƪŀ 

Fairbanks and U.S. Army Corps of Engineers, 2019) has been issued. It provides a contemporary look at 

threats from erosion, flooding, and thawing permafrost in remote Alaska communities, updates and 

supplements elements of the prior GAO and National Wildlife Federation studies, and provides risk 

ranking by community. 

 

The Samish Indian Nation of Washington has observed a trend of rising sea levels over the last decade. 

άLƴǘŜƴǎŜ ǿƛƴǘŜǊ ǎǘƻǊƳǎ ƘŀǾŜ ƭŜŘ ǘƻ Ŏƻŀǎǘŀƭ ŦƭƻƻŘƛƴƎΤ ƪƛƴƎ ǘƛŘŜǎ όǿƘƛŎƘ ŀǊŜ ŜȄŎŜǇǘƛƻƴŀƭƭȅ ƘƛƎƘ ǘƛŘŜǎ ǘƘŀǘ 

are both naturally occurring and predictable) have been larger than in the past (Marks-Marino, 2019c). 

King tides coupled with winter storms have damaged infrastructure, leading to further flooding and 

temporary loss of access to the mainland. Cultural sites are at great risk from the erosion caused by 

ǊƛǎƛƴƎ ǎŜŀ ƭŜǾŜƭǎέ όaŀǊks-Marino, 2019c). The impacts of sea level rise highlight the importance of 

threatened communities to be considering relocation, managed retreat (Siders, 2019), or protecting 

existing eco-cultural resources. (See Chapter 10: Protection-in-Place & Community-Led Relocation.) 

Land loss at Isle de Jean Charles, Louisiana, from 1963 to 2008 (GAO, 2020). 
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Riverine (Fluvial) and Lake (Lacustrine) Environments 

Continental U.S. decade- to century-long fluvial flooding trends (Peterson et al., 2013) indicate that the 

Midwest, Northeast, and upper Southeast have suffered greater flooding over time (see map below). 

 

Shoreline recession (land loss) at Newtok, Alaska, (GAO, 2020) due to 

erosion, permafrost degradation, and storm-driven flooding. 
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Recent modeling of future riverine flooding that incorporates global climate models (Hirabayashi et al., 

2013; Willner et al., 2018) has yielded early results, but these forecasts have limited spatial resolution 

ŀƴŘ ǎƛƎƴƛŦƛŎŀƴǘ ǳƴŎŜǊǘŀƛƴǘȅΦ bƻƴŜǘƘŜƭŜǎǎΣ ²ƛƭƭƴŜǊ Ŝǘ ŀƭΦ όнлмуύ ǎǘŀǘŜ ǘƘŀǘ άŦƻǊ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ пн ƻŦ ǘƘŜ 

50 states, and the District of Columbia, will experience an increased flood risk if no additional protection 

ƳŜŀǎǳǊŜǎ ŀǊŜ ǘŀƪŜƴΦέ ¢ƘŜǎŜ ǘȅǇŜǎ ƻŦ ǎǘǳŘƛŜǎ ŀǊŜ ƛƳǇƻǊǘŀƴǘ ŀƴŘ ǿƛƭƭ ŜǾŜƴǘǳŀƭƭȅ ōŜŎƻƳŜ ŜǎǎŜƴǘƛŀƭ ǘƻ 

inform national and regional flood planning. 

 

Cycles of extreme flooding have severely impacted the Quapaw Nation (see narrative in Chapter 9: 

Emergency Management titled ¢ƘŜ vǳŀǇŀǿ bŀǘƛƻƴΩǎ LƴŎƻǊǇƻǊŀǘƛƻƴ ƻŦ /ƭƛƳŀǘŜ /ƘŀƴƎŜ ƛƴ 9ƳŜǊƎŜƴŎȅ 

Preparedness Planning). During the 2019ς2020 season, up to 80 inches of rainfall was recorded on the 

Quapaw Nation. The associated extreme precipitation events give rise to flooding that not only damages 

infrastructure and roads, but also negatively impacts planting and harvesting (Marks-Marino, 2020).  

 

While relocation as a mitigation effort to reduce risk from riverine flooding is not a suitable approach 

everywhere, it increasingly makes sense to avoid the otherwise endless cycle of destruction and 

recovery. The Bad River Band relocated its community at Odanah, WI, to higher ground in the period 

1960 to 1990 to avoid repeated devastation from the Bad River flooding (NPR, 2018). Although the 

cause(s) of the 1960 flooding have not been linked to climate change, the adaptation response of the 

Bad River Band to the hazard is highly relevant. The Band remains vulnerable to flooding. In July 2016, 

10ς12 inches of rain fell in the reservation area during an eight-hour period that significantly damaged 

transportation infrastructure and was disruptive to their access to hunting, fishing, and harvesting of 

traditional foods such as wild rice (Marks-Marino, 2019b).  

 

Increasing winter air temperatures accompanying climate change may result in precipitation falling as 

rain rather than snow, a reduction in snowpack, and a change in timing of spring runoff, leading to 

flooding (Nasser et al., 2015). When snow is deposited at high elevations, it is often held for months or 

weeks before it runs off at a more gradual rate. However, when it is dropped as rain, the rain may 

quickly melt some or much of the existing snow very quickly (this is known as a rain-on-snow event), 

which leads to the rapid runoff into streams and rivers that causes flooding of downstream communities 

(Musselman et al., 2018; Puyallup Tribes of Indians, 2016). Additionally, the formation of ice dams/jams 

in rivers can be a major source of flooding in the spring (e.g., Rokaya et al., 2018). This can also occur in 

the winter due to rapid warming events, sometimes accompanied by heavy rainfall. 

 

In recent years, rain-on-snow events have caused flooding for the Confederated Tribes of the Umatilla 

Indian Reservation in the Northwest. In February 2020, the Umatilla River peaked at 19,000 cubic feet 

per second (cfs), surpassing the previous record-high flow of 15,500 cfs recorded in 1965 (Stoelb, 2020). 

Immediately after the flood occurred, a state of emergency was declared for the Umatilla, Union, and 

Wallowa counties, including the Confederated Tribes of the Umatilla Reservation, as the flood damaged 

bridges, roads, homes, wastewater treatment plants, and businesses and caused major power outages 

(Pollard, 2020). In addition, a fish hatchery owned by the Umatilla Tribe was destroyed (Castle, 2020).  
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Lake-related (lacustrine) flooding and inundation occurs in addition to riverine flooding. Recent 

examples include high water levels in the Great Lakes area of the northern U.S. While the connection 

between such high water levels and climate change has not yet been demonstrated or refuted, this is an 

area of concern for Tribes and Alaska Native villages with lake or shoreline frontage or utilization.  

 

For example, ōǳǊƛŀƭ ƎǊƻǳƴŘǎ ǿƛǘƘ ǊŜƳŀƛƴǎ ƻŦ [ƛǘǘƭŜ ¢ǊŀǾŜǊǎŜ .ŀȅ .ŀƴŘǎ ƻŦ hŘŀǿŀ LƴŘƛŀƴǎΩ ŀƴŎŜǎǘƻǊǎ20 

were disturbed by rising Lake Michigan waters in 2020. Further to the north, the Keweenaw Bay Indian 

Community manages nearly 20 miles of Lake Superior shoreline, and that includes coastal roads. The 

lake and shore provide a fishery and drinking water and foster visits from tourists. In 2018, riverine and 

lake/coastal flooding impacted the Community. Recently, the Community developed a draft 2020ς2025 

Keweenaw Bay Indian Community Hazard Mitigation Plan,21 which addresses both riverine and coastal 

flood hazards and their mitigation. For those Tribes and Alaska Native villages impacted or threatened 

by rising waters, a flood hazard mitigation plan is foundational to adequately address future flooding 

events. Such a plan can identify actions to be taken, necessary resources, individuals and organizations 

that will respond, and responses that can be readied for the future, etc., as these flood events are only 

uncertain in their magnitude, duration, and timing, and there is no question as to whether they will 

occur in the future. 

 

The long-term warming of the Great Lakes is documented and significant (e.g., Anderson et al., 2021). 

With this warming comes a wide array of impacts to water quality, regional climates, ecosystems, and 

other areas, including impacts yet to be identified or quantified. Declining winter ice on the Great Lakes 

(Wang et al., 2017) and warmer water and air temperatures have led and will lead to increased exposure 

of coastal environments to cold-season wave action as coastal ice formation and duration diminishes. 

Warmer air temperatures will impact near-shore geomorphic slope and related processes. These 

impacts will be compounded when coupled with the above-described high lake water levels, regardless 

ƻŦ ǘƘŜ ƭŀǘǘŜǊΩǎ ŎŀǳǎŜόǎύΦ 

 

Flood Inundation Mapping and Insurance 

Regrettably, Tribes have at times borne the cost of flood-control measures implemented by other 

government entities, mainly the federal government. The history (e.g., Lawson, 2009) of the mid-20th-

century Pick-Sloan program in the Missouri River Basin illustrates that numerous occupied, productive, 

and precious Tribal riverside lands were permanently taken almost entirely for the benefit of powerful 

external constituents, with mass displacement of individuals and communities together with lasting 

economic, social, food security, and cultural hardships, some permanent.  

 

                                                             
20 DǊŜŀǘ [ŀƪŜǎ bƻǿΣ άLƴ aƛŎƘƛƎŀƴΣ ǊƛǎƛƴƎ ƭŀƪŜ ƭŜǾŜƭǎ ŘƛǎǘǳǊō ǎŀŎǊŜŘ ƎǊƻǳƴŘέΥ 
https://www.greatlakesnow.org/2020/09/michigan-rising-lake-levels-sacred-ground/   
21 Keweenaw Bay Indian Community Hazard Mitigation Plan: https://www.wuppdr.org/uncategorized/2020-2025-
keweenaw-bay-indian-community-hazard-mitigation-plan-draft-available-for-review-open-july-1st/  

https://www.greatlakesnow.org/2020/09/michigan-rising-lake-levels-sacred-ground/
https://www.wuppdr.org/uncategorized/2020-2025-keweenaw-bay-indian-community-hazard-mitigation-plan-draft-available-for-review-open-july-1st/
https://www.greatlakesnow.org/2020/09/michigan-rising-lake-levels-sacred-ground/
https://www.wuppdr.org/uncategorized/2020-2025-keweenaw-bay-indian-community-hazard-mitigation-plan-draft-available-for-review-open-july-1st/
https://www.wuppdr.org/uncategorized/2020-2025-keweenaw-bay-indian-community-hazard-mitigation-plan-draft-available-for-review-open-july-1st/
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Still, there are Tribes and Villages that may benefit from enhanced flood inundation mapping initiatives 

and possibly from flood insurance, both of which are provided at the federal level, principally through 

the Federal Emergency Management Agency (FEMA). The GAO (2013) reported that: 

 

¶ just 37 of 566 federally recognized Tribes were participating in the National Flood Insurance 

Program (NFIP) 

¶ most Tribal lands remain unmapped by FEMA for flood risk, a consequence of prioritizing urban 

over rural settings 

¶ without flood hazard maps, Tribal communities may be unaware of their flood risk, even in high-

risk areas 

¶ Tribes may lack the resources and administrative capacity needed to administer NFIP 

requirements, and NFIP premiums are often too high for low-income Tribal members 

¶ some Tribes do not have reservations over which they can enact and enforce the land use 

ordinances that are required for NFIP participation, due to individual allotment 

 

It is not for us to say that a given Tribe or Alaska Native village should or should not participate in the 

NFIP. However, it could be of great benefit to Indigenous communities if FEMA would prioritize and 

accelerate the progress of flood risk and forecasted inundation mapping in areas where Tribal lands and 

Tribal communities exist. Further, FEMA, while subject to Congressional constraints on what it can do 

when it comes to modifying its programs and approaches, should engage with Indigenous communities 

to learn how its flood-mapping and flood-insurance programs could better serve them and take timely 

action to correspondingly improve those programs. 

 

Landslides  

Landslide, or earth-movement, hazards are very diverse and range in size from shallow debris flows and 

post-fire runoff to deep-seated landslides capable of moving houses or entire landscapes. Very 

generally, and ruling out alpine, quick clay, and other more restricted classes of earth movement, the 

former types of events may be relatable to existing moisture conditions combined with shorter term 

intense rainfall events, whereas the latter are more likely to be associated with deeper soil moisture and 

groundwater conditions, compounded by geologic variables that may be related to seasonal trends in 

(increased) precipitation or to even longer term climatic trends persisting over years or decades. The 

range of earth movements under consideration here is potentially relatable to climate change, as 

discerned, for example in southwestern coastal British Columbia (Jacob & Lambert, 2009). As an 

illustration, the Hoopa Valley Tribe of northern California has experienced significant damage from 

previous landslides and as such has devoted a significant portion of their hazard mitigation plan to this 

hazard class (Hoopa Tribal LEPC, 2014).  

 

Conclusions 

Climate change impacts on overall water quality, harmful algae and biotoxin events, ocean acidification, 

flood and landslide hazards and risk, drought and water security, dams/reservoirs and water supply 

management, biodiversity and landfast ice and sea ice, along with water-linked food security are priority 
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concerns for Tribes and Alaska Natives. Observations, experience, monitoring, measurements, and 

analysis (inclusive of modeling and inference) document ongoing impacts in these priority areas and 

provide improved forecasts as to ranges of impact(s) that may be expected. 

 

Water quality impacts are far reaching and include ocean acidification along with increased prevalence 

and frequency of biotoxins that originate from algal bloom events. These climate change-induced water 

quality deviations from normal conditions result in a wide range of ecosystem and human impacts that 

include disease, illness, mortality, water insecurity, and food insecurity. Tribal and Village communities 

and individuals must react and eventually proact to address water quality impacts imposed by the 

changing climate. 

 

Climate changeςdriven coastal flooding is already impacting Tribal communities. Coastal inundation will 

unavoidably and substantially grow both in depth and extent, given the primary cause, which is rising 

absolute sea level due to melting glacial ice. Increased riverine flooding in parts of the U.S. over the past 

several decades has been identified and is possibly linked to climate change. Forecasting of riverine 

flooding based on global climate models is in the early stages of development. However, the preliminary 

results suggest that there may be increases in riverine flooding in areas of the U.S., and some of these 

flood impacts will inevitably be felt and borne by Tribes and their communities. This highlights a need 

for improved inundation mapping by agencies such as FEMA and a focus of funding and related 

resources to support managed retreat for those communities in which such an approach is the preferred 

alternative.  

 

Climate changeςdriven water-ǊŜƭŀǘŜŘ ƛƳǇŀŎǘǎ ǘƻ LƴŘƛƎŜƴƻǳǎ ŎƻƳƳǳƴƛǘƛŜǎΩ ŀƴŘ ƛƴŘƛǾƛŘǳŀƭǎΩ food and 

water security are real and documented. The impacts vary in location and also with time, depending on 

whether climate change brings higher coastal sea level, drought that is either pervasive, more frequent, 

or sustained (άnormative droughtέ), or increased precipitation frequency, duration, or magnitude. 

Informed deliberation, decision-making, and action by Tribes and Alaska Natives so impacted require 

sustained efforts to mitigate and adapt.  The magnitude and pervasiveness of these food and water 

security impacts need to be assessed and quantified on a periodic basis, e.g., every five years. A dynamic 

set of strategies and actions, themselves adaptive and evolving, to foster mitigation and adaptation will 

be necessary, as are initiatives to assess the effectiveness of actions taken. More than anything, the 

development and implementation of any actions taken need to happen locally, at the sovereign Tribal or 

Village level, and not be imposed from without. 
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Chapter 4.2.1: Drinking Water Infrastructure 
With the changing climate, drinking water infrastructure is a 

big concern for Tribes. Tens of thousands of Native American 

families do not have adequate access to safe drinking water. 

aŀƴȅ ¢ǊƛōŜǎΩ ǿŀǘŜǊ ǳǘƛƭƛǘƛŜǎ lack proper operation and 

maintenance, adequate staffing, or sustained funding. 

Water infrastructure and staffing deficiencies provide 

opportunities to install climate-resilient projects. An example 

is the Chickasaw Nation and Choctaw Nation of Oklahoma: 

their water resources issues include extensive drought and 

flooding, which impact their water supply. In response, they 

have developed a Drought Contingency Plan and adaptation 

projects to address their concerns. A researched overview of 

Drinking Water Infrastructure as it relates to Tribes and 

climate change follows these narratives, beginning with the 

Key Messages and Recommendation that the authors have 

identified. 

 
Chickasaw Nation and Choctaw Nation of Oklahoma 

Leading the Way in Implementing Adaptation Projects 

Written by: Chickasaw Nation and Choctaw Nation of Okalahoma  

Background on the Chickasaw Nation and Choctaw Nation of Oklahoma 

The Chickasaw Nation is a federally recognized Tribe located in the south-central region of Oklahoma. As 

a primary land holder in this 7,648 square mile region encompassing 13 Oklahoma counties, the Tribe 

has the potential to influence land management practices and conservation of many species in the 

region. 

 

The jurisdictional area of the Chickasaw Nation includes significant water resources of importance to the 

diverse communities across this region. The Arbuckle-Simpson Aquifer is the principal and, in some 

cases, the sole source of water for 150,000 people in south-central Oklahoma, including the cities of 

Ada, Sulphur, Mill Creek, and Roff and the rural water districts in Murray and Johnston Counties. This 

ŀǉǳƛŦŜǊ ƛǎ ǘƘŜ ǎƻǳǊŎŜ ŦƻǊ ƳƻǊŜ ǘƘŀƴ млл ƪƴƻǿƴ ǎǇǊƛƴƎǎΣ ƛƴŎƭǳŘƛƴƎ .ȅǊŘǎ aƛƭƭ {ǇǊƛƴƎΣ !ŘŀΩǎ ǇǊƛƳŀǊȅ 

drinking water source. Additional water sources in the area include the Red River and the Canadian 

River. 

 

The Choctaw Nation of Oklahoma is also a federally recognized Tribe and is located in southeast and 

east-central Oklahoma. Its jurisdictional area is 10,613 square miles and encompasses eight counties 

and parts of five additional counties.  
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The Choctaw Nation of Oklahoma is headquartered in Durant, Oklahoma. Durant draws all of its water 

from the Blue River, a spring-fed river originating from the Arbuckle-Simpson Aquifer (in Chickasaw 

Nation jurisdiction). The Blue River does not have any on-channel reservoirs, thus decreasing the 

potential for providing reliable supplies during periods of drought. In fact, during a drought in 2011τa 

year that was both the hottest and driest on recordτthe Blue River almost ran dry below the cƛǘȅΩǎ 

intake, and water suppliers were required to curtail use. 

 

Climate Change Impacts to Water Resources in the Nations 

The Nations are located in a region where climate models project, by mid-century, daily high  

temperatures to increase by up to 6°F during the summer months, 20ς40 more days per year with 

temperatures above 100°F, and less rainfall events in general but with more intense rainfall when they 

do occur. 

  

With projections of more variability in rainfall and increases in temperature, many communities already 

facing water scarcity could run out of water. Other communities are dealing with the intense rainfall 

events and the resulting flooding and soil erosion. With these intense flooding events, many 

communities are dealing with pollutants in the runoff and associated pressures to meet the regulatory 

water quality levels. With ongoing land use changes, water suppliers are focused on limitations in 

meeting the regulatory water quality standards on disinfection byproducts.  

 

Nations and Consortium Members of South Central CASC  

In 2012, the South Central Climate Adaptation Science Center (CASC) was funded by the U.S. Geological 

Survey (USGS) with two Tribal nations as full consortium membersτChickasaw Nation and Choctaw 

Nation of Oklahoma. As consortium members, the Nations partner with the USGS, University of 

Oklahoma, and other consortium members (Oklahoma State University, Texas Tech University, 

University of New Mexico, and Louisiana State University) on climate science research and education in 

ǘƘŜƛǊ ƧǳǊƛǎŘƛŎǘƛƻƴǎΦ ¢ƘŜȅ ŀǊŜ άŀǘ ǘƘŜ ǘŀōƭŜέ ŦƻǊ ǎǘǊŀǘŜƎƛŎ ŀƴŘ ǘŀŎǘƛŎŀƭ ǇƭŀƴƴƛƴƎ ŦƻǊ ǘƘŜ {ƻǳǘƘ /ŜƴǘǊŀƭ /!{/Σ 

bringing Tribal voices to the fƻǊŜŦǊƻƴǘ ƻŦ ǘƘŜ /!{/Ωǎ ŘŜŎƛǎƛƻƴ-making. 

 

Red River and Canadian River Future Streamflow Projections 

The Nations led research at the South Central CASC to assess how streamflow in the Red River Basin 

ƳƛƎƘǘ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ŦǳǘǳǊŜΣ ƎƛǾŜƴ ǘƘŜ /!{/Ωǎ ǇǊƻƧŜŎǘƛƻƴǎ ƻŦ ŦǳǘǳǊŜ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ǇǊŜŎƛǇƛǘŀǘƛƻƴ 

όŎǊŜŀǘŜŘ ōȅ bh!!Ωǎ DŜƻǇƘȅǎƛŎŀƭ CƭǳƛŘ 5ȅƴŀƳƛŎǎ [ŀōƻǊŀǘƻǊȅύΦ wŜǎǳƭǘs showed that the western part of 

the Red River Basin is at the greatest risk of experiencing reduced flow. Throughout the basin, peak 

flows are projected to be higher and low flows to be lower, a finding that is consistent with the 

expectation that future floods will be more severe and droughts will be more extreme. The study also 

assessed the climate-induced hydrological changes on the aquatic ecosystems, including threatened and 

endangered species. The Nations are continuing this research in the Canadian River Basin during 2020ς

21 so that they have streamflow projections for all their jurisdictions. 
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Implementation of Water Adaptation 

Projects 

Adaptation is defined by the 

Intergovernmental Panel on Climate Change 

ŀǎ άǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ŀŘƧǳǎǘƳŜƴǘ ǘƻ ŀŎǘǳŀƭ ƻǊ 

ŜȄǇŜŎǘŜŘ ŎƭƛƳŀǘŜ ŀƴŘ ƛǘǎ ŜŦŦŜŎǘǎέ όLt// 

2014). Decisions and actions to prepare for 

adverse consequences of climate change 

are known as climate adaptation strategies.  

 

With these and other climate-impact 

research results, the Nations have begun to 

develop water adaptation strategies. The 

Nations are leaders in the region, working 

with water providers across their 

jurisdictions and assisting with identifying 

and researching adaptation options. One 

project developed a drought contingency plan for the Arbuckle-Simpson Aquifer.22 As a result of these 

discussions with water providers, the Nations are helping communities with many water supply planning 

activities that include climate adaptation, such as identifying alternative groundwater supplies for the 

surrounding cities. The Nations are also working with federal, state, and local partners to study 

opportunities for artificial aquifer-recharge options throughout their regions. 

 

The Nations have started working with communities to examine wastewater reuse as an economically 

viable alternative to conventional water supply. Good opportunities for wastewater reuse by industrial 

users and municipalities (for example, irrigation of ball fields and parks) exist across the entire 

jurisdictional area. Furthermore, the Nations are partnering with communities to reduce leakage rates in 

water supplyςdistribution systems. An example of this partnership includes helping the cities of 

Tishomingo and Durant acquire competitive grants to install smart meters in areas known to have large 

water losses and increase the efficiency of their overall system. Drought contingency plans, wastewater 

reuse, and conservation measures are critical adaptation strategies to strengthen Tribal resiliency in the 

face of climate change. 

                                                             
22 Arbuckle-Simpson Aquifer drought contingency plan: https://www.okainstitute.org/drought-contingency   

This photo is an aquifer recharge study pond, on which the 

Chickasaw Nation is partnering with Oklahoma State University, 

East Central University, EPA Kerr Lab, and the City of Ada. Photo 

credit: Wayne Kellogg. 

https://www.okainstitute.org/drought-contingency
https://www.okainstitute.org/drought-contingency
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Introduction 

Disparities in access to sufficient, safe (meeting standards), accessible (in the home), affordable, and 

reliable (limited supply disruptions) drinking water contribute to health inequities and environmental 

injustice (Doyle et al., 2018; Roller et al., 2019). Inequities in water access have come into sharp focus in 

2020, during which a record-breaking number of hurricanes have formed and millions of acres across 

the U.S. have burned, all amidst the COVID-19 pandemic (NOAA, 2020; NIFC, 2020). Tribes in the U.S. 

face disparities in drinking water access for a variety of interconnected and compounding reasons. 

Disparities will become exacerbated with climate change. Tribal water utilities and communities, federal 

and state agencies, nonprofit entities, academic institutions, and the private sector are all important 

partners in implementing community-led solutions to address the water-access gap for Tribal peoples 

and all peoples in the U.S. (Doyle et al., 2018; ITF, 2008, 2012; Roller et al., 2019). 

 

Current State of Tribal Drinking Water 

Tribal communities obtain drinking water from diverse sources, including rivers, creeks, springs, lakes, 

reservoirs, ponds, wells, rainwater catchments, and ice stored in cellars (Brubaker et al., 2011; Conroy-

Ben & Richard, 2018; GAO, 2018). According to EPA databases, Tribes operate roughly 1,000 public 

drinking water systems (PWSs). The vast majority (about 97%) are small drinking water systems serving 

less than 10,000 customers (Conroy-Ben & Richard, 2018; GAO, 2018). Various programs within seven 

federal agencies provide funding for Tribal PWS construction. The agencies include the Indian Health 

Service (IHS), the U.S. Environmental Protection Agency (USEPA), the U.S. Department of Agriculture 

(USDA), the U.S. Department of Housing and Urban Development (HUD), the U.S. Bureau of 

Reclamation, the U.S. Army Corps of Engineers, and the U.S. Economic Development Agency (GAO, 

2018). The Federal Emergency Management Agency (FEMA) also provides funding to help utilities lessen 

impacts from future natural disasters. Once built, system ownership is typically transferred to the Tribe 

Drinking Water Infrastructure 

Key Messages 

ǒ Tens of thousands of Native Americans do not have access to safe drinking water. Climate 

change has the potential to exacerbate this lack of access. 

ǒ Operation and maintenance (O&M) of water systems is key to sustainability, cost effectiveness, 

and, most importantly, the ability to supply safe and reliable drinking water. Proper O&M 

require adequate funding, staffing, and technical, managerial, and financial training. Proper 

O&M may become even more critical with climate change as systems respond to increasingly 

extreme climate events and greater uncertainty with respect to water quantity and quality 

conditions. 

ǒ Water infrastructure deficiencies provide opportunities to install climate-resilient infrastructure. 

 

Recommendation 

Climate change is making it more urgent to increase resources for Tribal drinking water 

infrastructure and for operation and maintenance to eliminate disparities in safe drinking water 

access and increase infrastructure resilience to climate-related disasters and impacts. 
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(GAO, 2018). Tribal households may also obtain water from non-Tribal PWSs or private systems or may 

haul water. 

 

Those who haul water face particular challenges. People hauling water from unregulated sources (e.g., 

livestock wells) or from regulated sources but with unsanitary hauling methods may be exposed to 

waterborne diseases and/or contaminants. Water haulers may also pay considerably more for water. A 

2004 study on the Navajo Reservation found that haulers drove an average of 14 miles one way for 

water at a cost of about $1,000 per year or 5% of the average annual household incomeτmore than 

double the $450 per year paid by Navajo Tribal Utility Authority customers for 10 times the water (ITF, 

2008).  

       

 AI/AN Households Disproportionately Lack Access to Clean Water 

Data about drinking water deficiencies in Tribal communities may come from different sources and 

cover different aspects of the access issue; however, all sources indicate that AI/AN households 

disproportionately lack access to clean water. According to the ¦Φ{Φ /Ŝƴǎǳǎ .ǳǊŜŀǳΩǎ !ƳŜǊƛŎŀƴ 

Community Survey (ACS), Native American households are 19 times more likely to lack indoor plumbing 

than white households (Roller et al., 2019).  

 

IHS's Home Inventory Tracking System (HITS) is the main database tracking sanitation deficiencies in 

Tribal homes nationwide. In HI¢{Σ ǘƘŜ ǘŜǊƳ άǎŀƴƛǘŀǘƛƻƴέ ƛƴŎƭǳŘŜǎ ōƻǘƘ ǿŀǘŜǊ ǎǳǇǇƭȅ ŀƴŘ ǿŀǎǘŜǿŀǘŜǊΦ 

According to HITS, as of March 2020, 52,000 AI/AN homes (12.5%) did not have adequate sanitation. Of 

these, approximately 6,600 (1.6%) do not have a safe water supply or wastewater system or both, as 

compared to less than 1% for the U.S. general population (IHS, 2020). A large percentage of the homes 

in this latter category are in either the Alaska or Navajo IHS regions (IHS, 2018). 

 

At the start of the 2020 COVID-19 pandemic, IHS identified 9,650 Navajo homes with no running water, 

representing about 37,000 people or 20% of the Navajo population (Navajo Safe Water, 2020). This is 

higher than the 6,600 homes noted in HITS as having no water supply, no wastewater system, or both.  

 

Safe Drinking Water Act (SDWA) violations include failing to follow monitoring and reporting schedules 

and violating maximum contaminant levels (MCLs). A review of EPA data for Tribal PWSs in 30 states 

showed that monitoring and reporting violations occurred at nearly twice the rate for Tribal vs. non-

Tribal customers (Conroy-Ben & Richard, 2018).  If monitoring and reporting are not done, there is no 

way to know whether drinking water is safe. MCL violations in Tribal PWSs differed by state. In 18 states, 

Tribal PWSs had 50% or more MCL violations per capita than non-Tribal customers, indicating greater 

consumer exposure to unsafe drinking water. However, Tribal PWSs in the remaining states had similar 

or fewer MCL violations than their non-Tribal counterparts. The most common MCL violations in Tribal 

PWSs were the coliform and revised coliform rule and arsenic, followed by total haloacetic acids and 

total trihalomethanes, two disinfection byproducts (Conroy-Ben & Richard, 2018). Potential emerging 

contaminants in Tribal PWSs include perfluorooctanesulfonate (PFOS), vanadium, strontium, and, in 

particular, chlorate, another disinfection byproduct (Conroy-Ben & Crowder, 2020). Addressing SDWA 

violations is important for reducing disparities in safe drinking water access. 



 

147 
 

Tribal Drinking Water Deficiencies May Be Underestimated or Unknown 

Although the above data sources help define the scope of the drinking water access problem, they may 

underestimate deficiencies. AI/AN are the most undercounted racial group in the U.S. Census by an 

estimated 4.9%, which may mean that lack of plumbing is not being accurately estimated by the ACS 

(NCAI, 2020). Additionally, the ACS data do not include the unsheltered, and no data are collected as to 

whether plumbing functions well and is reliable and if service is affordable (Roller et al., 2019). 

 

Lƴ ŀŘŘƛǘƛƻƴΣ LI{Ωǎ IL¢{ ŘŀǘŀōŀǎŜ ƭƛƪŜƭȅ ǳƴŘŜǊŜǎǘƛƳŀǘŜǎ ǎŀƴƛǘŀǘƛƻƴ ŘŜŦƛŎƛŜƴŎƛŜǎΣ ǿƘƛŎƘΣ ŀǎ ƴƻǘŜŘ ŀōƻǾŜΣ LI{ 

ŘŜŦƛƴŜǎ ŀǎ ƛƴŎƭǳŘƛƴƎ ōƻǘƘ ŘǊƛƴƪƛƴƎ ǿŀǘŜǊ ŀƴŘ ǿŀǎǘŜǿŀǘŜǊΦ IL¢{ ŘƻŜǎƴΩǘ ƛƴŘƛŎŀǘŜ ƛŦ ŀ ƘƻƳŜΩǎ ŘŜŦƛŎƛŜƴŎƛŜǎ 

have been assessed, meaning that deficiencies may be underestimated for homes in the database (GAO, 

2018). In addition, not all Tribal homes eligible for IHS water infrastructure assistance may be in HITS. In 

some cases, Tribes choose to not provide information to IHS because of cultural or other concerns (GAO, 

2018). IHS Oklahoma Cityςarea officials estimated that 100,000 homes eligible for IHS assistance may 

not be in the database due to challenges identifying eligible homes within communities that have a mix 

of Tribal and non-Tribal residents and that are not on reservations (GAO, 2018). IHS Portlandςarea 

officials estimated that an unknown number of eligible homes in their region are excluded from HITS 

because of difficulties identifying Tribal homes in dispersed locations removed from Tribal community 

facilities (GAO, 2018). Suggestions for improving monitoring and tracking of Tribal sanitation deficiencies 

include updating HITS to indicate whether deficiencies have been assessed, targeting homes for 

assessment within communities for which EPA data show that water quality standards are not being 

met, and leveraging opportunities for collaboration between IHS and EPA (GAO, 2018; ITF, 2008). An 

example of leveraging could be for EPA to collect data that could be entered into IHS's database when 

EPA sanitary surveys are performed (ITF, 2008).  

 

As noted above, the rate of monitoring and reporting violations for Tribal PWSs is nearly twice that for 

non-Tribal customers, meaning that MCL violations may go undetected and thus be underestimated.  

 

Finally, some water systems are not regulated. These include systems serving less than 25 people and 

private wells (USEPA, 2020a). Water quality monitoring in such systems is voluntary and may be 

irregular (Roller et al., 2019). The scope of any contamination in such systems may thus be unknown. 

 

Identification of Infrastructure Investment Needs May Be Underestimated 

Two reports describe investment needs related to drinking water infrastructure. IHS's Annual Report to 

the Congress of the United States on Sanitation Deficiency Levels for Indian Homes and Communities 

includes costs related to both drinking water and wastewater infrastructure, reports costs related to 

existing needs, and is based on data in IHS's Home Inventory Tracking System. In contrast, ¦{9t!Ωǎ 

Drinking Water Infrastructure Needs Survey and Assessment focuses solely on drinking water, projects 

capital improvement costs over the next 20 years (thus including existing and future needs), considers 

projects based on eligibility for the Drinking Water State Revolving Fund, and is based on a survey it 

conducts and on information in IHS's databases (USEPA, 2018). 
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According to IHS's 2018 report, the total investment needed to bring all homes in the HITS database to 

adequate sanitation levels (both drinking water and wastewater) was $2.63 billion. When allocating 

funds to projects, however, IHS considers whether or not a project is feasible. Projects for homes in 

remote locations with harsh climates, unusual subsurface conditions, and high capital costs per home 

may not be considered feasible. In 2018, roughly 1,300 out of 1,800 sanitation-deficiency projects were 

considered feasible, with a cost estimate of $985 million. Projects are re-evaluated annually to 

determine whether costs and/or scoring have changed. Some Tribes object to the feasibility threshold 

because they feel that their community projects will never rank high enough to be funded (SPPW, 2011). 

Infrastructure costs may be underestimated due to the deficiencies in HITS. 

 

According to a ¦{9t! ǊŜǇƻǊǘΣ ά¢ƘŜ ŎƻƳōƛƴŜŘ !ƳŜǊƛŎŀƴ LƴŘƛŀƴ ŀƴŘ !ƭŀǎƪŀ bŀǘƛǾŜ ±ƛƭƭŀƎŜ ǿŀǘŜǊ ǎȅǎǘŜƳ 

need estimated for the 2015 Assessment is $3.8 billion in capital improvements over the next 20 years. 

This need includes drinking water infrastructure to increase access to safe drinking water through 

ŎƻƳǇƭƛŀƴŎŜ ǿƛǘƘ 9t!Ωǎ ŘǊƛƴƪƛƴƎ ǿŀǘŜǊ ǊŜƎǳƭŀǘƛƻƴǎΣ ŀǎ ǿŜƭƭ ŀǎ ŎƻƴƴŜŎǘƛƻƴ ƻŦ ƘƻƳŜǎ ǿƛǘƘƻǳǘ ǇƛǇŜŘ ǿŀǘŜǊ 

ǘƻ ŜȄƛǎǘƛƴƎ ǇǳōƭƛŎ ǿŀǘŜǊ ǎȅǎǘŜƳǎέ ό¦{9t!Σ нлмуύΦ ¢Ƙƛǎ ŀƳƻǳƴǘ ŘƻŜǎƴΩǘ ƛƴŎƭǳŘŜ Ŏƻǎǘǎ ǊŜƭŀǘŜŘ ǘƻ 

population growth, private infrastructure (e.g., private drinking water wells), or adapting drinking water 

systems to be climate-resilient (GAO, 2018). 

 

Natural Disasters Significantly Impact Safe Drinking Water Access  

A 2017 USEPA report indicated that natural disasters both acute (e.g., floods, hurricanes) and chronic 

(e.g., drought, sea level rise) were among the most significant risks to drinking and wastewater 

infrastructure in the U.S. (GAO, 2020b). Between 2011 and 2018, the U.S. spent at least $3.6 billion on 

drinking and wastewater infrastructure disaster recovery. According to the fourth National Climate 

Assessment, the risk of climate- and weather-related events will likely increase with climate change, 

potentially exacerbating disruptions in access to safe drinking water (GAO, 2020b). Tribes often have 

fewer resources with which to respond to and recover from disasters. 

 

Climate Change Impacts on Tribal Drinking Water Supplies and Systems 

Climate change may decrease source water quantity, increase water demands, degrade water quality, 

and/or damage or overwhelm the capacity of water supply infrastructure (GAO, 2020b). The types and 

severity of changes may differ by region; however, all regions will be affected by climate change.  

 

Water Quantity and Water Demands 

Rising air temperatures, greater evaporation, and increasing drought may all contribute to future 

shortages in both surface and groundwater supplies (CCG, 2016; CSKT, 2013; CTUIR, 2015; PED et al., 

2019; Peterson et al., 2017; USEPA, 2015). This could result in supply disruptions and the need to find 

alternative water sources. Warming air may also increase water demands for the agriculture and energy 

sectors contributing to water shortages (GAO, 2020b). Reduced snowpack can lead to declining 

streamflows in some areas and summer shortages. The Confederated Tribes of the Umatilla Indian 

Reservation also note that reduced snowpack can decrease aquifer recharge from slowly melting snow 

(CTUIR, 2015). In Alaska, reduced water availability due to surface hydrology changes could cause tundra 

lakes used as water supplies to dry up, and residents are concerned that thawing permafrost might lead 
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to the ground absorbing more water, resulting in springs going dry (Brubaker et al., 2010; Kettle et al., 

2017). In the Alaska Native Village of Wainwright, thawing permafrost and erosion are ruining ice stored 

in cellars for drinking water (Brubaker et al., 2014). Climate change could benefit some Alaska Tribes due 

to longer open water seasons for drinking water collection and treatment (Brubaker et al., 2010). 

However, this positive may be negated by water quality impacts.  

 

Water Quality 

Climate change will likely contribute to and exacerbate water quality issues in both surface and 

groundwaters. The strain on existing water systems will potentially necessitate additional treatment 

and/or the development of supplemental or alternative water sources (GAO, 2020b). Permafrost thaw, 

flooding-induced erosion, and wildfires followed by flooding can all contribute to increases in water 

turbidity. Turbidity can interfere with the chlorine disinfection process, and associated organic matter 

can react with chlorine, producing harmful by-products (Brubaker et al., 2011; LNRD, 2016; WRF, 2013). 

Warming waters can contribute to increases in harmful algal blooms, which may produce toxins beyond 

the capacity of Tribal water treatment plants to remove (Karuk, Stults et al., 2016; USEPA, 2016). 

Wildlife shifting in response to climate change can act as vectors for waterborne diseases. Declining 

water quantities can concentrate contaminants and pathogens (Stanke et al., 2013). Alaska Native 

villages in the Norton Bay area are also concerned that sea level rise, coastal flooding, and higher storm 

surges might lead to saltwater intrusion into coastal streams that serve as water sources (Murray et al., 

2013; Johnson & Gray, 2014).  

 

Tribes from both coasts are concerned about sea level rise-induced saltwater intrusion into coastal 

groundwaters (GAO, 2020b; LNRD, 2016; Murray et al., 2013; Shinnecock, 2013). During the 2013-16 

drought, the Yurok Tribe observed increasing saltwater influence in some coastal water supply wells 

(Cozzetto et al., 2018). Wells can be impacted by floods, which can contaminate groundwaters with 

pathogens or toxins. Infrastructure damage can also lead to contamination of drinking water supplies. 

  

During a workshop, Yurok Tribe community members noted further water quality impacts stemming 

from drought: people may consume bottled water because water supplies have run out; those bottles 

may become warm, which could increase their ingestion of plastic byproducts. In addition, they spoke of 

ŜƳƻǘƛƻƴŀƭ ŀƴŘ ǎǇƛǊƛǘǳŀƭ ŎƻƴǎŜǉǳŜƴŎŜǎ ǊŜǎǳƭǘƛƴƎ ŦǊƻƳ ǘŀƪƛƴƎ ǿŀǘŜǊ ŦǊƻƳ ǎƻƳŜƻƴŜ ŜƭǎŜΩǎ ǎŀŎǊŜŘ ǇƭŀŎŜ ŀƴŘ 

where taking water may upset the balance of the place where it is needed (Cozzetto et al., 2018). 

 

Infrastructure 

Floods, wildfires, drought, permafrost thaw, and erosion can all damage water-supply infrastructure 

such as buildings, source water intakes, well casings, pumps, filtration, distribution lines, and water 

towers (Doyle et al., 2013; Brubaker et al., 2010; PED et al., 2019; USEPA, 2015). Infrastructure damage 

can cause treatment failures and unsafe water quality and/or service disruptions. Permafrost thaw is 

causing breaks in distribution lines and impacting treatment facilities in Alaska Native villages (Murray et 

al., 2013). Drought can lower river or lake levels below intake infrastructure and cause them to suck in 

mud, impacting pumps and filtration equipment (GAO, 2020b). Fire can damage well systems, allowing 

for contamination by chemicals, microorganisms, and fire retardants (Waksom et al., 2013). 
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In addition to damage, climate change can overwhelm infrastructure capacity. In Alaska, warming air 

contributes to algal blooms, necessitating increased filter changes and labor, resulting in greater costs 

(Brubaker et al., 2010; GAO, 2020b). Flood waters can infiltrate old infrastructure, overwhelming water 

treatment systems (Stults et al., 2016). Post-fire sediments washing down during floods can clog water 

intakes, shorten filter runs, and increase backwash frequency and the amounts of sludge to dispose of 

(Cozzetto et al., 2018). Post-fire sediments can build in and decrease reservoir capacity (GAO, 2020b). 

 

Cascading Infrastructure Failure 

Tribes have concerns about climate hazard impacts on secondary infrastructure, which could lead to 

cascading infrastructure failure of interconnected systems (GAO, 2020b). For instance, extreme events 

could disrupt power needed to operate pumps and treatment facilities or could disrupt internet needed 

to remotely monitor drinking water systems. These could cause service interruptions and/or unsafe 

water being delivered (USEPA, 2013). Extreme events like flooding could damage or overload septic 

systems, contaminating water supplies (PED et al., 2019; Waskom et al., 2013).  

 

Compound Events 

Compound events in which two or more climate hazards occur simultaneously or consecutively can also 

contribute to/exacerbate drinking water impacts (GAO, 2020b). Extreme rainfall plus storm surges can 

cause more extreme flooding. Drought exacerbates wildfire risk and may also contribute to flooding, as 

dry soils may have less capacity to absorb water (NWF, 2011). Heavier downpours after wildfires could 

lead to increased landslides. With limited roads on many reservations, landslides threaten water system 

accessibility, resulting in serious health and safety risks for whole communities. 

 

Nonclimatic Challenges and Opportunities Facing Tribal Drinking Water Systems 

In addition to climatic challenges, Tribal drinking water systems face multiple, interconnected 

nonclimatic challenges that may interact with, compound, or accelerate climate change impacts, and 

that may result in communities not receiving safe drinking water. Such nonclimatic challenges may 

include under-resourced personnel, legal and jurisdictional issues, infrastructural factors, financial 

issues, and inadequate operation and maintenance of systems. Some challenges are similar to those 

experienced by other small drinking water systems. Others are unique to the Tribal context (Doyle et al., 

2018).  

 

Under-resourced Personnel 

Personnel running Tribal water systems face a variety of challenges. Some may be doing their work on a 

voluntary basis without being paid (ITF, 2012). They may have limited knowledge of and time to 

investigate diverse funding sources (Doyle et al., 2018). They may also have limited grant writing and 

administration expertise. Additionally, there are no federal requirements for water treatment plant 

operator certification for Tribal PWSs (Doyle et al., 2018). As a result, funding for certification may be 

restricted, and those hiring operators may not have a reliable way to evaluate applicants. Even if Tribal 

operators are interested in trainings, they may not be available within driving distance. Some repairs 

and upgrades may not fall within operator expertise and may thus not be completed (Doyle et al., 2013). 

Personnel of small drinking water systems often do not have the resources or training to address climate 
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impacts to their systems (Ekstrom et al., 2018). Furthermore, Tribal PWSs have challenges recruiting and 

retaining personnel, resulting in insufficient staff operating and maintaining critically important 

infrastructure (Doyle et al., 2018; GAO, 2020b). This issue often stems from limited financial resources to 

pay operators (ITF, 2012). An insufficient workforce increases difficulties with respect to running water 

systems. Limited staffing can also prove challenging during emergencies when increased personnel may 

be needed (Cozzetto et al., 2018). Staff turnover also often results in knowledge gaps and lost 

institutional knowledge (Doyle et al., 2018). 

 

Legal/Jurisdictional Issues 

Tribes face complex legal/jurisdictional issues affecting their ability to establish, operate, and maintain 

drinking water utilities. These include land fractionation, processes obtaining rights of way, lack of clear 

eminent-domain authority, and conflicting regulations with respect to Tribal hiring and contract 

preference (Doyle et al., 2018). Grants may require a partial waiver of sovereign immunity, which Tribes 

may not want to provide or which require legal counsel to negotiate for each such grant received. Tribes 

lack authority to create water districts to raise funds through taxes and guarantee construction loans 

(Doyle et al., 2018). Tribes may have a history of poor environmental enforcement, which can affect 

utility construction and operations. For example, finding unanticipated hazardous waste when installing 

distribution lines can increase costs and cause delays (Doyle et al., 2018). In addition, many Tribes have 

not yet adjudicated their federally reserved water rights and are still in the process of negotiating with 

other stakeholders to quantify those rights (Cozzetto et al., 2013). Some Tribes may have litigated and 

won their rights, but do not have the financial resources to build infrastructure to deliver water to their 

communities. Climate change impacts on water quantity, quality, and timing increase legal and planning 

complexities and intensify concerns that Tribal water rights may be sacrificed and that human as well as 

environmental water needs may go unmet. 

 

Infrastructural Factors 

Existing infrastructure in many Tribal communities is aging and may have initially been built to serve 

smaller populations (Doyle et al., 2018; GAO, 2020b). Infrastructure may thus already be starting to fail. 

Moreover, such infrastructure was designed for historic climate and may not be resilient in a changing 

climate (GAO, 2020b). Drinking water systems may depend on secondary infrastructure such as internet 

and power that is not always reliable. Finally, for communities still lacking infrastructure, installation 

costs may be high because of low population densities, remoteness, harsh climates, challenging 

subsurface conditions, and legacies from being relocated to marginal areas with fewer and lower quality 

water supplies. 

 

Operation and Maintenance 

The importance of proper operation and maintenance (O&M) of drinking water systems cannot be 

overstated. Adequate O&M can extend system lifetimes, reduce the need for emergency repairs and 

upgrades, increase system cost effectiveness, and increase the time a utility has to amass funds to 

replace aging infrastructure (ITF, 2020). Funds for emergency repairs and upgrades or for recapitalizing 

infrastructure before its design life are diverted from providing drinking water infrastructure for those 

ǿƘƻ Řƻ ƴƻǘ ƘŀǾŜ ƛǘΦ !ŘŜǉǳŀǘŜ hϧa ƛǎ ŀƭǎƻ ŎǊƛǘƛŎŀƭ ǘƻ ŀ ǎȅǎǘŜƳΩǎ ŀōƛƭƛǘȅ ǘƻ ŘŜƭƛǾŜǊ ǎŀŦŜ Řrinking water. 
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Without it, consumer health may be compromised. Proper O&M requires sufficient funding, staffing, 

and expertise (technical, financial, and managerial). Particular O&M challenges include high O&M costs 

for infrastructure serving low, widely dispersed populations in remote locations and/or challenging 

environmental conditions, restrictions on federal agencies with respect to using their funds for O&M, 

suboptimal water system operator O&M training and capacity, decreased funding for O&M training and 

assistance, and Tribal communities not being fully informed of the O&M costs that will be associated 

with new infrastructure being proposed (Doyle et al., 2018; ITF, 2008, 2011).  

 

Financial Factors 

Tribal communities are often smaller with lower population densities. Both mean that Tribes may have 

higher costs per household to construct, operate, and maintain drinking water systems (GAO, 2020; ITF, 

2008). Tribal utilities may also face challenges with respect to charging users. Many Tribes have high 

unemployment and low income levels. People may not be able to afford the true costs of providing 

water to their homes (ITF, 2012). Moreover, some users have never had to pay for water before, having 

never received water from a utility, and some may have cultural objections to the commodification of 

water (Chief et al., 2016; GAO, 2018; ITF, 2012). Tribal politics may also affect the amount of funds 

available to operate and maintain water systems and the rates charged (ITF, 2012).  

 

More broadly, federal funding for water infrastructure has decreased. In 2019, such funding was only 

14% of what it was in 1977 (Roller et al., 2019). Furthermore, appropriated funding can be far below the 

estimated need. In 2016, for instance, Congress appropriated $99.4 million for water and sewage 

infrastructure, less than 4% of the $2.7 billion IHS estimated it would need to provide adequate 

infrastructure to all homes in its HITS database (Roller et al., 2019). In addition, the Census count is 

considered when distributing federal funds, including funds for water projects, and AI/AN are the most 

undercounted racial group (NCAI, 2020). Federal agency scoring processes may also not always prioritize 

water projects addressing the most severe deficiencies (GAO, 2018). Finally, with various programs 

within seven different federal agencies involved in funding Tribal PWS construction, it can be difficult to 

identify, navigate, and leverage funding sources, application processes, and funding cycles.   

 

Recommendations 

The sources reviewed above provide a large number of recommendations for addressing both the 

climate change related and nonclimatic challenges facing Tribal drinking water infrastructure. We have 

included some of the key recommendations below as well as examples of Tribally-led initiatives to 

address some of the drinking water challenges discussed. We refer readers to the reports themselves for 

further information and additional recommendations suggested. 

 

Improving the Climate Resilience of Tribal Drinking Water Systems 

 Learn from extreme events taking place now to better prepare Tribal water utilities for the future 

(Ekstrom et al., 2018)  

¢ƘŜǊŜ ŀǊŜƴΩǘ Ƴŀƴȅ ŜȄŀƳǇƭŜǎ ƻŦ ŎƭƛƳŀǘŜ ŀŘŀǇǘŀǘƛƻƴ ŀƳƻƴƎ ǎƳŀƭƭ ŘǊƛƴƪƛƴƎ ǿŀǘŜǊ ǎȅǎǘŜƳǎΦ !ǎǎŜƳōƭƛƴƎ 

lessons learned from handling extreme events such as drought and flooding could advance climate 

adaptation in such systems (Ekstrom et al., 2018). 
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 Make use of opportunities to upgrade or install new water infrastructure to do so in a climate-

resilient way (TCCP AC, 2019) 

Climate-resilient systems provide reliable service with limited disruptions in the face of changing 

environmental conditions and extreme climate events. If disruptions occur, systems recover quickly 

(Ekstrom et al., 2018). Actions that make drinking water systems more climate-resilient include 

diversifying water sources, expanding storage capacity, drilling wells deeper and properly closing 

abandoned wells, encouraging water efficiency, upgrading water treatment, managing source 

watersheds to maintain clean water supplies and store water, using natural or manmade reset 

opportunities to elevate infrastructure above flood risk levels, installing floatable water intakes that rise 

and fall with reservoir levels, installing generators to provide backup power for pumps in case of power 

loss, and having more than one route or mode of transport to reach water treatment plants (CCS, 2011; 

Ekstrom et al,. 2018). Such actions include examples of both redundancy (multiple ways of 

accomplishing critical functions) and flexibility (ability to adjust if conditions are different than 

anticipated). Both are important traits of climate-resilient systems (CCS, 2011). 

 

 Develop and enact federal interagency climate resilience guidelines for Tribal drinking water systems 

(TCCP AC, 2019)  

Interagency climate-resilience guidelines could be based on already existing efforts and adapted to meet 

the unique contexts and needs of Tribal ŘǊƛƴƪƛƴƎ ǿŀǘŜǊ ǎȅǎǘŜƳǎΦ hƴŜ ǊŜǎƻǳǊŎŜ ŎƻǳƭŘ ōŜ ǘƘŜ ¦{9t!Ωǎ 

Creating Resilient Water Utilities (CRWU)23 program. 

 

Assisting Under-resourced Personnel 

  Provide Tribal water system operators with a paycheck and benefits (ITF, 2012)  

In some cases, Tribal water system operators may be volunteering in that role. Providing a paycheck and 

benefits could increase operator retention once they are trained. 

 

 Recruit and train Tribal members as operators (ITF, 2012) 

Tribal members may have greater incentive than non-Tribal operators to stay with a Tribal utility. 

 

 Increase funding for entities providing Tribally-focused technical, managerial, and financial training 

and technical assistance (Roller et al., 2019) 

Entities providing Tribally-focused water system training and/or peer-to-peer learning include the 

United Southern and Eastern Tribes, the Inter Tribal Council of Arizona, the Native American Water 

Masters Association, and Environmental Finance Centers (USEPA, 2020). The Rural Community 

Assistance Corporation hosts a Tribal Circuit Riders program. Circuit riders are water professionals who 

make onsite visits to help with operations, finances, and management (RCAC, 2020). 

  

 

 

 

                                                             
23 Creating Resilient Water Utilities (CRWU): https://www.epa.gov/crwu  

https://www.epa.gov/crwu
https://www.epa.gov/crwu


 

154 
 

Addressing Infrastructural Considerations 

 Increase funding for operation and maintenance to extend water system lifetimes (ITF, 2008, 2020) 

Insufficient maintenance of drinking water infrastructure due to either limited financial or technical 

capacity can reduce system lifetimes (ITF, 2008, 2020). Increased funding for O&M could help systems to 

run more cost effectively and last longer.  

 

 Research and implement decentralized and/or alternative water treatment technologies to increase 

access to safe drinking water 

For communities that lack water infrastructure due to low population densities and/or challenging 

environments, more decentralized and/or newer technologies may provide more cost-effective options 

(Roller et al., 2019; GAO, 2020a). These include point-of-entry treatment (devices that treat water when 

it enters a home), point-of-use treatment (devices that treat water at a tap such as a kitchen faucet), 

remote monitoring and operation, low-pressure micro- or ultrafiltration membranes, and atmospheric 

water generation (producing potable water from the surrounding air) (Roller et al., 2019; GAO, 2020a). 

Federal, private, and nonprofit investors could support community-led research, pilot projects, 

implementation, and evaluation of treatment and cost effectiveness (Roller et al., 2019; GAO, 2020a). 

Regulators could develop standards and technical assistance for decentralized systems.  

 

 Make climate resilience a condition for federal funding of drinking water infrastructure (GAO, 2020b) 

A requirement to make climate resilience a condition for federal funding from programs administered 

by agencies such as USEPA, FEMA, HUD, and USDA could help ensure that funded infrastructure 

sufficiently reduces risks from climate change and limits disruptions to the provision of safe drinking 

water (GAO, 2020b). 

 

Improving the Operation and Maintenance of Tribal Drinking Water Systems 

Building the technical, financial, and managerial expertise of water system operators is discussed above. 

Various O&M financial strategies are noted below. Additional approaches include: 

 Develop partnerships with other utilities either within or outside the Tribe to reduce O&M costs and 

build financial capacity 

For example, the Alaska Rural Utility Collaborative partners with and supports rural communities in 

managing, operating, and maintaining water and sewer systems (ANTHC, 2020). It also helps 

communities set self-supporting rates and provides billing and collection services.  

 

 Allow state and federal funds to be used to support O&M costs 

For instance, in 2019, California established the Safe and Affordable Drinking Water Fund, which 

includes significant and continuous O&M funding for struggling water facilities (Roller, 2019). 
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Improving the Funding of Tribal Drinking Water Infrastructure 

The Federal Infrastructure Task Force to Improve Access to Safe Drinking Water and Basic Sanitation to 

Tribal Communities (ITF) has developed a number of recommendations related to funding.  

  

Federal agency recommendations include (ITF, 2008): 

 Making available funding more accessible  

 Using available funding more efficiently and creatively 

 Improving interagency coordination to increase effectiveness of existing resources  

 Collecting additional data to describe the problems and target solutions  

  

Tribal utility recommendations include (ITF, 2012): 

 Investigating whether Tribal industries or enterprises can help subsidize utilities  

 Running the utility as a business and establishing fair and accepted billing and collection systems 

 Maintaining utility independence from Tribal politics 

 Regularly educating Tribal Councils about the true costs of providing water and educating 

customers that while water may be free, infrastructure to treat and deliver water is not. 

  

!ŘŘƛǘƛƻƴŀƭ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŀǊŜ ŘŜǘŀƛƭŜŘ ƛƴ L¢CΩǎ нллуΣ нлммΣ нлмнΣ ŀƴŘ нлнл ǊŜǇƻǊǘǎΦ  

  

Various sources note funding priorities that include increasing federal and state funding and strategically 

using and leveraging funding among agencies to finance: 

 Infrastructure, operation and maintenance (top recommendation of comprehensive 2008 ITF 

report) 

 Entities providing technical assistance; technical, managerial, financial training (Roller et al., 

2019) 

 Community-led research, pilot projects, and implementation of alternative water treatment 

technologies, including evaluation of treatment and cost effectiveness (ITF, 2008; GAO, 2020) 
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Chapter 5: Health & Wellbeing 

The health and wellbeing of Indigenous peoples is closely 

tied to the health and wellbeing of the environment, and 

therefore climate change poses both unique threats and 

opportunities. First foods are a vital source of spiritual 

connection and have a strong history for Tribes. Climate 

change threatens that connection; however, Tribes like 

the Confederated Tribes of the Umatilla Indian 

Reservation (CTUIR) of Oregon are protecting and 

preserving them. The Swinomish Indian Tribal 

Community of Washington considers the health and 

wellbeing of Indigenous peoples to be founded on 

mutually beneficial relationships among humans, 

nonhuman relatives, and the environment. They support 

and implement community-defined climate strategies 

and capacity building within their communities to 

strengthen resilience and perseverance. A researched 

overview of Health & Wellbeing as it relates to Tribes 

and climate change follows these narratives, beginning 

with the Key Messages and Recommendation that the 

authors have identified. 

 
Setting the First Foods Table for Climate Resilience 
Written by: Teara Farrow from the Wenix Red Elk Tribe 

and Colleen Sanders  

For the Indigenous Peoples of the Columbia Plateau, 

ŦƻƻŘ ƛǎ ǘƘŜƛǊ ŎǳƭǘǳǊŜΣ ƛǘ ƛǎ ŜǾŜǊȅǘƘƛƴƎΦ bƻǘ Ƨǳǎǘ άŦƻƻŘΣέ ōǳǘ 

the First Foods that have supported and nourished this 

ƭŀƴŘΩǎ ŦƛǊǎǘ stewards in a reciprocal relationship kept in a 

harmonic balance that can be traced back definitively at 

least 10,000 years into history through artifact evidence 

and much longer than that through the knowledge the 

Tribal culture and foodways preserve. The foodways of 

the Weyíitletpuu (Cayuse), LƳŀǘŀƭŀƳƱłƳŀ (Umatilla), 

and Walúulapam (Walla Walla) people involve the 

gathering of many essential First Foods for subsistence, 

and the traditional Food table is set with fish, wild game, 

roots, and berries. Cultural land management practices 

emphasize preserving cold, clear water and forests that 

undergo periodic burning, providing Foods abundant in 

essential nutrients, rich oils, and sustaining energy. The 

Creator decreed to the People that they carry a promise, 

a reciprocal responsibility to respectfully care for, 

harvest, share, and consume traditional Foods, or they 
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may be lost. But neither can survive without the other, and if the 

Foods are lost, the People will be lost too; their fates inextricably 

linked. Since time immemorial, tamánwit has taken care of the 

traditional Foods and guided the CTUIR in preserving them. The 

climate crisis threatens to further untether Tribal people from their 

First Foods, but the promise that has sustained the people into 

modernity is the bestτand onlyτpath forward for climate 

adaptation rooted in environmental justice and the rights of nature.  

 

For Indigenous peoples, the world has ended many times before. 

Cataclysmic events that have shaped the existing landscape of the 

Pacific Northwest are recorded in the stories and practices of Tribal 

people. When massive ice dams in the Rocky Mountains breached to 

release the torrential Missoula Floods that carved the Columbia 

wƛǾŜǊΩǎ ŦƛǊǎǘ ǇŀǘƘ ǘƻ ǘƘŜ ƻŎŜŀƴ мрΣллл ȅŜŀǊǎ ŀƎƻΣ ǇŜƻǇƭŜ ǿŜǊŜ ƭƛǾƛƴƎ 

ǘƘŜǊŜΦ ²ƘŜƴ aƻǳƴǘ aŀȊŀƳŀΩǎ ŎŀƭŘŜǊŀ ǾƛƻƭŜƴǘƭy erupted, blanketing 

ǘƘŜ ǿƻǊƭŘ ǿƛǘƘ ŀǎƘ ŀƴŘ ŦƛǊŜ ŀƴŘ ŦƻǊƳƛƴƎ ǿƘŀǘ ǿŜ ƴƻǿ Ŏŀƭƭ ά/ǊŀǘŜǊ 

[ŀƪŜέ ƻǾŜǊ тΣллл ȅŜŀǊǎ ŀƎƻΣ ǇŜƻǇƭŜ ǿŜǊŜ ƭƛǾƛƴƎ ǘƘŜǊŜΦ LƴŘƛƎŜƴƻǳǎ 

people were witness to massive geological and atmospheric events that completely and rapidly altered 

their world, and they are still here today because of the resilience that is woven into the very fabric of 

Tribal culture and knowledge. In narratives told about the history of land management in the West, the 

falsehood that persists is one of conquering the ǳƴƳŀƴŀƎŜŘ άǿƛƭŘŜǊƴŜǎǎέ ŀƴŘ ƛǎ ŀ ƭƛŜ ǘƘŀǘ ŦǳƴŘŀƳŜƴǘŀƭƭȅ 

erases the perpetual presence of Indigenous people who were there. Indigenous peoples are 

intertwined with the evolution of the landscape that they steward, and their management of it is 

integral to the way it has adapted to function. These traditional practices have been sustained through 

previous world-altering changes, so it stands to reason that they will again carry the people through this 

changing world, too. 

 

The climate crisis threatens every aspect of modern life, exposing 

us to exponentially increasing amounts of risk: risk of catastrophic 

flooding and wildfire, of drought, disease, and conflict. Regarding 

the risk the climate crisis will create, it is helpful to remember that 

the land is a living being, an entity that we live not on, but with , 

and who has wants and needs. Thus, risk can be thought of as the 

interruption from what the land wants (its ecological steady state) 

to the way specific land management extorts it to be to facilitate 

construction, industry, agriculture, and other extractive colonial 

ƻǇŜǊŀǘƛƻƴǎΦ aǳŎƘ ƻŦ ǘƘŜ ƴŜŜŘ ŦƻǊ άŎƭƛƳŀǘŜ ŀŘŀǇǘŀǘƛƻƴέ ƛǎ ŘǳŜ ǘƻ 

demand that the land be other than it energetically and 

ecologically desires, and the impacts of the climate crisis threaten 

to push it into a new steady state of existing, one that is wholly 

unfamiliar and frightening. Indigenous management values the 

land as it wants to be and prioritizes the species that are living 

prosperously on its landscape without extra inputs like irrigation, 

feed, or fertilizer, and thus the least risky and most resilient to new 

stressors. Climate adaptation must focus on restoring natural 

First Foods Feast to celebrate the 

return of wapato at a CTUIR Tribal 

member's home. Photo credit: Teara 

Farrow Ferman. 

CTUIR Tribal member gathering wapato. 

Photo credit: Teara Farrow Ferman. 

 














































































































































































































































































































